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Preface

This edited volume consists of the extended papers selected from the 5th International
Conference on Technology in Education (ICTE 2020), which was hosted by University
of Macau in Macao, China during August 19–22, 2020, and was held online due to the
COVID-19 pandemic.

Technology has become an integral part in virtually all aspects of education, broadly
covering curriculum planning, content development and delivery, communication
among learners, instructors and institution, assessment and program evaluation.
Enabled by the latest technological advances, new and innovative measures are derived
to improve teaching and learning effectiveness. Taking “Innovations for Online
Teaching and Learning” as its main theme, ICTE 2020 provides a platform for
knowledge exchange and experience, sharing among researchers and practitioners in
the field of technology in education.

ICTE 2020 attracted a total of 79 submissions. After a careful paper review process,
30 papers were selected for inclusion in this volume. These papers are organized in five
groups: (1) instructional technology, (2) learning analysis and assessment, (3) learning
environment, (4) open and collaborative learning, and (5) technology and education.

Our sincere thanks go to the conference’s Organizing Committee for their effective
administration and unfailing support. Our thanks also go to the International Program
Committee. The high quality of the papers could not have been maintained without
their professional comments and advice in the paper-review process.

October 2020 Lap-Kei Lee
Leong Hou U
Fu Lee Wang

Simon K. S. Cheung
Oliver Au

Kam Cheong Li
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A Case Study on C-STEAM Education:
Investigating the Effects of Students’ STEAM
Literacy and Cultural Inheritance Literacy

Liming Huo, Zehui Zhan(B), Ziying Mai, Xiao Yao, and Yunxiang Zheng

School of Information Technology in Education, South China Normal University,
NO. 55 Zhongshan Road West, Guangzhou 510631, China

zhanzehui@m.scnu.edu.cn

Abstract. C-STEAMis a localized transdisciplinary education inChinese context
with the goals of inheriting traditional culture and cultivating students’ STEAM
literacy. It mainly has three core values: educational value of cultivating students’
core literacy; carrier value of inheriting outstanding traditional culture; and social
value of booming regional culture. In order to see how a C-STEAM project works
and effects, we adopted “6C” Instructional Design Model which is an operational
steps including Contextual Experience, Connotation construction, Characteris-
tic inquiry, Create artifact, Connect with society and Conclusion reflection. In a
case study lasting 6 weeks on teaching Cantonese slang in a primary school in
Foshan, China, questionnaires were used to analyze the students’ learning perfor-
mance, STEAM literacy, cultural understanding and inheritance, and structured
interviews were used to collect views and reflections of teachers and students.
Results indicated that the application of “6C” Model has significantly improved
students’ cultural understanding and cultural identity and cultural inheritance, and
shown that C-STEAMplays an important role as the cultural carriers, brings some
social value for constructing regional characteristic culture and enables to cultivate
students’ core literacy and improves students’ transdisciplinary learning ability.
More research is needed to ameliorate “6C” Model to achieve the core values of
C-STEAM.

Keywords: C-STEAM education · “6C” instructional design model · Core
values · STEAM literacy

1 Introduction

Chinese nation has a large number of splendid cultural treasures in the past five thousand
years, which is worth inheriting and developing by every generation. However, due to the
development and evolution of social economy, the invasion of foreign cultures, the lack
of cultural inheritors and protectors and other reasons, the rich traditional Chinese culture
has been facing the problems of being destroyed, and even disappeared (Zhang 2014).
Therefore, it is urgent to inherit and innovate the traditional Chinese culture. Mean-
while, Chinese traditional culture has been ignored in elementary education. Therefore,

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 3–12, 2020.
https://doi.org/10.1007/978-981-33-4594-2_1
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4 L. Huo et al.

educators (Li 2018) have the responsibility to introduce Chinese traditional culture into
the schooling system (Zhou 2016; Guo and Jin 2018). Booming of STEAM education
has enabled chances for traditional culture to enter elementary education (Shou and Hu
2017) and provided students with opportunities for in-depth exploration and cultural
innovation (Zhao 2017).

Therefore, the localized STEAM education proposed in this article (short for “C-
STEAM”) is an interdisciplinary education aiming at inheriting traditional Chinese cul-
ture; that is, promoting traditional Chinese culture and national emotions (Zhan et al.
2020). “C” in C-STEAM education that is short for culture, is a target-oriented concept,
that is, to take cultural inheritance as the main educational goal.

We confirm the core values of C-STEAM, and try to find out the implementation
path and effect of the core values in a case study which follows “6C” instructional design
model that we adopted, and serves as a conductive framework to carry out the C-STEAM
project. And it will enrich research and practice of C-STEAM and offer new possibilities
for the localization of STEAM education in China.

2 The “6C” Instructional Design Model

At present, a few schools in China have tried to explore C-STEAM on the practical
level, and it is generally based on the background of traditional Chinese culture at the
level of discipline knowledge integration that, in turn, resulted in lacking of systematism,
excavation of traditional cultural connotation at the level of values internalization, aswell
as the analysis of C-STEAM teaching cases and the summary of instructional model.
On this basis, we try to apply 6C model, and verify the effectiveness of the model and
the influence of C-STEAM on the core values in a case study.

The 6Cmodelwas formed by combining threemodels (Zhan et al. 2020): (1) Interdis-
ciplinary learning activity 5EX design model (Li and Li 2019). (2) Reverse engineering
teaching model (Kang and Zhong 2019). (3) Creativity-innovation Thinking intercon-
nection Model (CITIM) (Zhan et al. 2019) Considering the target orientation of cultural
inheritance, this study combines the characteristics of C-STEAM, and it summarizes
it into six steps, namely Context Setup (C1), Connotation Construction (C2), Charac-
teristic Inquiry (C3), Create Artifact (C4), Connect with Society (C5), and Conclusion
Reflection (C6), to create a C-STEAMmodel for cultural inheritance, as shown in Fig. 1.
The first letter of each step is C, so we name the model as 6C model for short.

Fig. 1. The “6C” instructional design model for C-STEAM
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3 Method

To verify the effectiveness of 6C model, we conducted a case study in a STEAM course
for teaching Cantonese slang in a primary school in Foshan, China, and analyzed it based
on the data collected from questionnaire, interviews and observation. The cultural theme
of the project was Cantonese slang, which is a kind of easy to understand language with
local characteristics summed up by Cantonese people in their daily life, bearing unique
culture of Cantonese.

3.1 Participants

This case study was conducted in a primary school in Foshan, China. Participants are
30 students (16 males and 14 females) selected from fifth-grade. Among them, 18 were
Cantonese speakers, and the remaining 14 were not locals. Students can inquiry inde-
pendently and learning in a cooperative way, showing strong interest in Foshan local
culture, so they are suitable to participate this project with traditional culture as the
theme. Before this experiment, participants haven’t learned Cantonese slang formally
and systematically, only have contacted with some locals in their daily life.

3.2 The Design of the Case

(1) Learning Objectives. The case concentrates on excavating cultural connotation
and characteristics of Cantonese slang. Specifically, the teaching objectives follows: 1)
Know the basic knowledge of Cantonese (i.e., the historical development, the corpus or
language materials); 2) Explore and understand the traits and connotation of Cantonese
slang culture; 3) Select appropriate themes and forms based on the characteristics and
connotation of Cantonese slang, and then cooperatively design and produce a cultural
artifact-Cantonese slang desk calendar; 4) Learn how to organize public service activities
and attend to exhibition or visiting; 5) Learn to take self-reflection and evaluation through
teamwork.
(2) The “6C” implementation. The project lasting 12 lectures in 6 weeks, below we
will discuss the implementation of each step of 6C model briefly.

1) Context Setup (C1). It is composed of four learning activities: creating a situation,
asking questions, forming a group and clarifying tasks. First of all, students create
situations by reading news of the disappearance of Cantonese and watching the street
interview video of Cantonese slang. Secondly, teacher asked questions related to the
topic. For example, after watching the video, students were asked if you know the origin
of slang and the story behind it? Then, students are divided into several groups, and then
defined course’s theme and task.

2) Connotation Construction (C2). This part consists of four activities: basic reading,
cultural observation, skill training and connotation understanding, which enables stu-
dents to construct the cultural connotation of Cantonese slang. In basic reading, students
read the history materials of Cantonese slang to understand its origin and development
of Cantonese slang, in order to cultivate students’ STEAM reading and writing ability. In
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cultural observation part, students watching several video clips of Cantonese slang, such
as the story “avalanche barks dog” and other vivid animation videos. In skill training
part, teacher gives many examples of using Cantonese slang in daily life, so that students
can understand and speak and use them properly in daily life. In the part of connotation
understanding, students watch the video clips and perceive the cultural connotation.

3) Characteristic Inquiry (C3). Students mainly inquiry the Cantonese slang cultural
connotation through data collection and social investigation. First, students collect Can-
tonese slang sentences and stories, and then classify them. Secondly, according to the
cultural characteristics of Cantonese, students go to local community to make a survey
on local residents andmasters. Finally, they need to screen and analyze the collected date
the authentic cultural characteristics of Cantonese slangwere discussed, and summarized
the cultural connotations.

4) Create Artifacts (C4). It consists of design and hands-on activities. Firstly, students
need to brainstorm to think about what kind of cultural and creative products can be
created. In this case, they decided to make a Cantonese slang calendar. Then, students
chosen themes that can reflect the cultural features. Then sketches were drawn on the
working papers, as well as design intention and illuminations. In the design process, we
should actively communicate and absorb various opinions for adjustment. Besides, stu-
dents should integrate hand-made technology and art drawing into calendar production.
Lately, students were suggested to choose production materials and complete the pre-
liminary products. The produce processes include recording and analyzing problems,
proposing solutions, collecting suggestions form classmates and teachers, and finally
accomplished their products making.

5) Connect Society (C5). It allows students to exchange, share and display their achieve-
ments through public welfare activities, exhibitions and artistic performances. In the
beginning, students complete the preliminary preparation work of the public activities,
including the design of the activity plan, poster design, the rehearsal of performances,
etc. Then confirm the activity site, invite local residents, teachers, friends and parents
to participate, and carry out activities in some forms such as charity sale and Cantonese
slang performances. Finally, students record the activities, feelings, and share thoughts
with each other.

6) Conclusion Refection (C6). It uses many evaluation methods to evaluate students’
learning attitude and effect, like process evaluation and summary assessment, personal
reflection and group mutual evaluation, including the test of basic knowledge, the evalu-
ation of stage learning task completion, PMIQ self-reflection table. In the stage learning
task, students evaluate task completion and performance in both individual and teamwork
way. After course ending, students are suggested to finish a test of basic knowledge and
the PMIQ self-reflection form that mainly include the knowledge of the cultural charac-
teristics of Cantonese slang, the knowledge of the cultural connotation, the knowledge
of desk calendar making, etc., to examine their gains.

Besides, in the whole process of C-STEAM project, three scaffolding tools were
provided to students to get involved fully in learning activities: Guidelines; Learning
record document; Assessment sheets.
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3.3 Measure Instruments

We collected data with two kinds of questionnaires, namely cultural understanding and
inheritance literacy level questionnaire, STEAM literacy level questionnaire. Both of
them were used to verify the educational value of 6C model for the educational value of
C-STEAM in cultivating students’ core literacy. The completion of students’ works and
the course evaluation are used to check out the carrier value of C-STEAM in inheriting
outstanding traditional culture. And the teacher-student interview was used to demon-
strate the social value of C-STEAM in creating regional characteristic culture. After that,
data were analyzed from two aspects.

(1) A survey of STEAM literacy. The STEAM literacy questionnaire is adapted from
Cai (2017) to measure the basic level of STEM of experimental subjects from three
dimensions (i.e., STEAM ability, STEAM attitude and STEAM thinking). And the
dimension of STEAM attitude that has 15 questions and coefficient of .92 alpha was
referenced to Mahoney (2010) and compiled with Likert scale of five. It is composed of
three dimensions and has a total of 75 points. The higher the score is, the more consistent
the students are with the content description.
(2) A survey of cultural understanding and inheritance literacy level. “ Culture
Competency “ is regarded as the core of all literacy and behavior, and it provides guidance
for Critical Thinking, Creativity, Communication and Collaboration as the goal value
orientation. And it can be divided into three elements, namely cultural understanding,
cultural identity and cultural practice which are the basis for the questionnaire of this
study. The culture identity items were adapted from Phinney and Ong (2007) of which
alpha was .81 and reliability was .74 and compiled with Likert scale of five. It was made
up with a total of 15 items within three dimensions, and the total score was 75 points.

4 Results

4.1 Analysis of STEAM Literacy

Both before and after the C-STEAM project, we use the STEAM literacy scale as post-
test and pre-test measurement to test the subjects twice, and analyze the reliability of
the scale by SPSS. Results demonstrate that Cronbach’s alpha was 0.914, more than
0.9, indicating that the scale has good reliability and stability. Then paired sample T-
test was carried out on the pre-test and post test data of each dimension of STEAM
literacy. Results show that statistical significance of pre-test and post-test in these three
dimensions is 0.00, less than 0.05, and average score of post-test is higher than that
of pre-test that means teaching effect is very significant for students’ STEAM ability,
STEAM thinking and STEAM attitude. And we found that the means of post-test were
higher than that of pre-test after comparison of means.

(1) STEAM Ability. The mean value of post test data is higher than that of pre-test.
Among them, item T1 “I can accurately identify the problem from the given problem
situation, and the basic requirements and limiting conditions to solve the problem” has a
small difference (0.56); while itemT5 and itemT8 have a significant difference. The data
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of the post test is significantly higher than of the pre-test, which shows that the students’
ability of identify problems, to operate and to summarize and reflect has been improved.
After the interview, it is found that students think more about the problem to be solved
whendesigning calendar, and spendmore time and energy into the production. Therefore,
the ability activities in these two aspects have been greatly improved. As for the ability
of summary and reflection, after the interview, we learned that after “communication and
sharing” and course evaluation activities, they think that their summary and reflection
ability has been improved. FromT1 to T9 before and after the test, STEAM capacity
dimension is significantly different.
(2) STEAMThinking. Themeans of post-test of each item is higher than that of the pre-
test. The average value of the post test data of itemT11 “I can systematically consider the
influence of various factors on problem solving, creatively solve problems”, item T12
“when facing more complex problems, I can think of using certain procedures or steps
to solve problems” is significantly improved, which shows the comprehensive thinking
ability of students, the ability to solve problems step by step is strengthened. The main
reason is that students’ competencies have been fostered during scheme and artifacts
design activities. Item T9 has a relatively small difference, which is 0.6, indicating
that students’ thinking ability of solving problems by comprehensively using various
disciplines has not been significantly improved. There are two main reasons. One is that
means of students’ pre-test data is relatively high, which is 3.9. The other is that the
cultural product of this case is desk calendar, involving relatively little knowledge of
various disciplines. However, by comparing mean of T9 to T10, it is found that there is
still significant difference in STEAM thinking dimension.
(3) STEAMAttitude. The post-test mean of items T13 to T15 is higher than that of pre-
test, and the mean difference of item T13 “I am very interested in science, technology,
engineering, humanities and mathematics knowledge” is the most significant, which
shows that students’ interest in STEAM knowledge has been increased after this course,
so there was significant difference in STEAM attitude dimension.

After comparing and analyzing of the mean values of pre-test and post-test data of
each item in the STEAM literacy questionnaire (as shown in Fig. 2), it was found that
the means of post-test were higher than that of pre-test.

4.2 Analysis of Cultural Understanding and Inheritance Literacy Level

We developed a cultural understanding and cultural inheritance literacy scale which is
composed of three dimensions and has been tested twice (i.e., pre-test and post-test),
to investigate the changes of students’ cultural understanding and cultural inheritance
literacy after the Cantonese slang project. A total of 30 questionnaires were issued, with
a recovery rate of 100%. The reliability of Cronbach’s alpha was 0.916, greater than 0.9,
indicating that the scale has good reliability and stability. The results of paired sample
T-test show that the post-test of cultural understanding and cultural inheritance literacy is
higher than the mean of the pre-test, among which mean value of cultural understanding
is the most obvious, indicating that students have a deeper understanding of Cantonese
culture after project. In addition, the mean of the post-test of cultural identity was as
high as 4.81, indicating that students’ sense of identity with traditional culture had been
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Fig. 2. Comparison and analysis of mean values of pre-test and post-test data of each item in the
STEAM literacy questionnaire

greatly improved. The significant probability of three dimensions of the results of pre-test
and post-test is 0.00, both less than 0.05, indicating that there is a significant difference
in students’ cultural understanding and cultural inheritance accomplishment. We also
found that the mean values of post-test were higher than that of pre-test (as shown in
Fig. 3).

Fig. 3. Cultural understanding and inheritance literacy pre-test and post-test each item mean
analysis

(1) Cultural understanding. The means of post-test of item T3 (I know Cantonese
historical origin and development), T4 (I know cultural connotation of Cantonese slang),
T5 (I know the cultural features ofCantonese slang)were significantly increased. It shows
that students have a deeper understanding of Cantonese history, cultural connotation
and characteristics after course. The main reason is students have never systematically
learned the related knowledge of Cantonese slang before, after a series of activities
including basic reading, culture visiting, skill training, and other kinds of activities,
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students can improve their understanding of Cantonese slang. From the comparison of
pre-test and post-test mean values of questions T1 to T5, it can be concluded that there
are significant differences in cultural understanding level.
(2) Cultural identity. The mean of post-test for each item is higher than that of pre-
test. For example, the mean of the post-test for items T6 (I like Cantonese slang) and
T7 (I would like to use Cantonese slang in my daily life) was significantly improved.
This indicates that students’ love for Cantonese slang and their intention to use it in
daily life have been improved. After the interview, it is found that the reason is that
students have learned more interesting and common Cantonese slang during the course.
They think that Cantonese slang is interesting and can be used in some daily occasions.
Through comparison mean values of items T6 to T10, we found that there are significant
differences at the level of cultural identity.
(3) Cultural practice. Item T13 to T15 average are higher than the previous test after
test, item T11 (I will take the initiative to go to understand Cantonese slang culture), item
T13 (I will actively publicize Cantonese slang culture and its values to people around me
inmy daily life), itemT15 (if there is a cultural activities designed to protect and promote
Cantonese slang, I am very happy to attend) have the most significant mean difference.
This shows that students’ liking degree of Cantonese slang cultural and willingness
to use it have improved. The reason is that the students found that Cantonese slang
exists the phenomenon of cultural losing, through a series of activities, students’ sense
of responsibility to inherit and promote Cantonese culture has been enhanced which
indicates that there is a significant difference.

This paper constructs 6C model, and summarized it into six steps: Context Setup,
Connotation Construction, Characteristic Inquiry, Create Artifact, Connect with Society
and Conclusion Reflection. In order to confirm the effectiveness of 6C model, we con-
ducted a case study for teaching Cantonese slang in a primary school in Foshan, China.
The variables of 6C model were tested by paired sample T-test, the correlation analysis
of teaching effect and the core value of C-STEAM project then verify the core values of
C-STEAM (as shown in Fig. 4).

Fig. 4. The influence of Cantonese slang STEAM curriculum on students’ literacy ability
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5 Discussion and Conclusion

5.1 The Educational Value in Cultivating Students’ Core Literacy

C-STEAM education, namely the transdisciplinary education oriented to cultural inher-
itance, has a strong learning and exploration feature of cultural foundation. The data
analysis of learners’ cultural understanding and identity shows that the post-test data
are significantly higher than pre-test, which proves to some extent that 6C model is
conducive to strengthening students’ cultural foundation, among which cultural under-
standing is the most significant. After Cantonese slang project, students have a deeper
understanding of Cantonese slang culture, and their sense of identity with traditional cul-
ture has been greatly improved, as well as students’ cultural practice, STEAM ability,
STEAM thinking and STEAM attitude. It indicated that students’ cultural foundation,
independent development and social participation have been effectively cultivated and
improvedwhich proves that C-STEAMeducation has the educational value of cultivating
students’ core literacy.

5.2 The Carrier Value of Inheriting Outstanding Traditional Culture

C-STEAM takes Cantonese culture into culture courses to become a carrier of slang
dissemination. Students have more opportunities to learn traditional culture deeply on
the culture course, which also increases their enthusiasm for learning. In the process of
C-STEAM, problem-based and project-based learning are adopted to encourage students
to “learn by problems, doing and playing” and that result in “activities” of the traditional
culture. The cultural products formed make Cantonese culture a visible, audible and
touchable physical product, which makes the traditional culture in a live state. From this
point of view, C-STEAM education has the carrier value of inheriting traditional culture.

5.3 The Social Value of Creating Regional Characteristic Culture

Offering C-STEAM courses, schools can formulate local characteristics culture cur-
riculum and then conducive to the construction of specialist schools, featured courses
and highlight the educational value of culture, and also promote the transmission and
inheritance of traditional culture in the youngsters. This case focus on exploring the con-
notation and characteristics of Cantonese slang culture, so that students can design and
make cultural products with desk calendar as the carrier. In the whole process, students
have integratedCantonese knowledge to achieve the purpose of effectively inheriting and
spreading Cantonese slang culture, which better reflects the social value of C-STEAM
education in building regional characteristic culture. When students participate in learn-
ing activities, they can bring certain communication and promotion effects to regional
culture through various channels and methods, and bring corresponding social and eco-
nomic values. Therefore, C-STEAM curricula not only contribute to the formation of
local cultural courses and play the value of cultural education, but also have a positive
impact on students’ awareness of cultural inheritance and innovation. From this per-
spective, it is verified that C-STEAM education has the social value of building regional
characteristic culture.
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Above all, 6C model plays a significant role in promoting traditional culture, not
only cultivates students’ core qualities such as transdisciplinary thinking and exploration
ability, help students to understand deeply cultural connotations and characteristics, but
also helps to cultivate and develop the student’s humanistic spirit, strengthen the cultural
identity and understanding and national self-confidence, so to accomplish the three core
values of C-STEAM. In the future, we will enlarge study of 6C model with different
cultural themes, to further improve its universality, and build more instructive teaching
strategies and tools to enrich the theory and practice of C-STEAM education.
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Abstract. Vapor pressure is a difficult concept for high school students because it
requires understanding at the microscopic level. To better understand the concept,
students should clearly understand some prerequisite concepts, such as evapora-
tion, condensation, and pressure. Therefore, this research aims to develop Kolb’s
experiential learning activities for providing experience before extending to learn
the vapor pressure concept through online resources. The learning unit consists
of two main activities that are 1) observing scientific phenomena aims at helping
students to gain experience of the concepts, and 2) color manipulatives designing
to help students to understand the concepts at the microscopic level. The learn-
ing unit had been implemented with grade ten students. The conceptual test and
interview had been used to assess student understanding. Results show that some
students still have learning difficulties related to vapor pressure and related con-
cepts. They had difficulty in explaining the concepts at the molecular explanation
and confused some technical terms. The online resources have been discussed for
suggesting a suitable pathway to each group of students.

Keywords: Color manipulatives · Condensation · Evaporation · Experiential
learning · Pressure · Vapor pressure

1 Introduction

Vapor pressure is the pressure exerted by a vapor in a dynamic equilibrium of evaporation
and condensation at a given temperature in the closed system (Price 2001). This concept
is a fundamental concept for learning thermodynamics. To understand the vapor pressure
concept, students should understand the prerequisite concepts: evaporation, condensa-
tion, pressure, closed system, and equilibrium. However, some students held alternative
concepts relating to vapor pressure, such as 1) students confuse technical terms about
the state of water; droplet, vapor, mist, and 2) students do not understand the chemistry
concepts at particle level (Canpolat 2006; Canpolat et al. 2006; Chang 1999; Pinarbasi
et al. 2009).

Bain et al. (2014) showed that thermodynamics, including vaporization, condensa-
tion, and vapor pressure equilibrium, are difficult to comprehend because it is abstract

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 13–22, 2020.
https://doi.org/10.1007/978-981-33-4594-2_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_2&domain=pdf
https://doi.org/10.1007/978-981-33-4594-2_2


14 S. Mahardthai et al.

and integrated with other disciplines. Furthermore, those contents are typically taught
by traditional pedagogies such as a lecture, observing phenomena, or using chemical
equations. They then recommended the three key success factors in learning thermody-
namics, which are 1) using mathematical concepts and representations, 2) explanation at
the microscopic level accommodation with results from an experiment, and 3) identify
and solve the alternative concepts before moving to the next concepts. Also, Becker et al.
(2015) found that the most challenging part of learning the vapor pressure concept is the
explanation at the molecular level.

To learn the chemistry concept at the microscopic level, the well-liked model usu-
ally used and generally recommended is Johnstone’s triangle model. Johnstone (1991)
presented the learning model that can help students succeed in learning chemistry. The
learningmodel ismultilevel thought displaying the collaboration of levels of perspective:
scientific phenomena at the macroscopic level, molecular explanation at the microscopic
level, and chemical questions and formulations at the symbolic level. Focusing on the
first level of thinking that is the macroscopic level, this level represents the scientific
phenomena’ descriptive and functional level. Subsequently, the microscopic level illus-
trates a mechanism or an explanation at the molecular level to help to understand the
phenomena. Finally, the symbolic level is utilized to represent and communicate con-
cepts and ideas in the chemistry context (Talanquer 2011). For students to construct
chemical knowledge based on Johnstone’s model, they will first describe the scientific
phenomena from experiments or daily life events. Secondly, students will explain what
happens and how it happens in a chemistry context using theory or scientific princi-
ples. And thirdly, students share or discuss their understanding that they gained and
constructed with other students.

Kolb’s experiential learning (1984) is the learning approach that can help students
construct and transform knowledge through experience. It can be used to support or inte-
grate to teach concepts with the microscopic level. This learning approach emphasized
how students learned, including cognition, environmental factors, and emotions, and
provides students with opportunities to construct knowledge in different experiences.
Moreover, it can evaluate their understanding of the abstract concept, such as the vapor
pressure concept, through different perspectives.

As mentioned earlier, vapor pressure and the associated concepts are challenging to
understand, especially at the molecular level. To support the student in understanding
these concepts, they need experiences by direct observation of the scientific phenomena.
They should then have to interpret the phenomena and construct explanations gener-
ated based on the theory or principle at the microscopic level before learning through
suggested online resources. Therefore, this research aims to develop Kolb’s experien-
tial learning activities for providing experience relating to vapor pressure and related
concepts associated with Johnstone’s model.

2 Methodology

2.1 Participants

The participants of this research are grade 10 students who study science and mathemat-
ics. They were invited to the study because they already learned the essential concepts of
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vapor pressure such as atomic structure, chemical bonding, molecular forces, and state
ofmatter. Thereby, sixteen students volunteered to perform in the research activities. The
learning activities require 3 h to implement and be distinguished into various sections
for students’ learning according to activities designed in the classroom.

2.2 Research Design

This research is designed as a one-group pretest-posttest design (see in Fig. 1). An open-
ended question and a semi-structured interviewwere used to collect data to see students”
conceptual understanding of vapor pressure and related concepts.

Fig. 1. The research design of this study.

2.3 Learning Activities

The learning activities consist of two parts. The first part aims to help students gain expe-
rience of the concepts by observing the S-shape tube experiment (scientific phenomena
related to pressure, evaporation, and condensation) at the macroscopic level. The second
part is designed to help students understand the vapor pressure and associated concepts at
the microscopic level using the color manipulative to transfer their idea into the concrete
explanation.

2.3.1 The S-Shape Tube Experiment

The first activity aims at helping students gain direct experiences of vapor pressure
and associated concepts by observing the phenomena of evaporation, condensation,
pressure, and vapor pressure at the macroscopic level via S-tube experiments. The S-
shape tube experiments was developed to promote understanding of the vapor pressure
concept (Brummel et al. 1959; Chen et al. 2016; DeMuro et al. 1999; Levinson 1982;
Papai et al. 2019). Moreover, the experiment was designed to promote the integration
of all essential and necessary concepts by linking each idea to vapor pressure. Each
of the portions of setting up, the events, namely evaporation, condensation, pressure,
and equilibrium between evaporation and condensation, are presented and to use the
activity’s handout to guide students for perceiving the vapor pressure in Fig. 2. Students
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Fig. 2. The S-shape tube experiment that requires students to observe. (1) the level of distilled
water and scientific phenomena in test tube, (2) the scientific phenomena that happen above the
level of distilled water, and (3) the level of coconut oil in the S-shape tube.

are required to explore and construct each concept’s explanations during experimenting
using the students’ handouts.

Figure 2 represents the observation points in the S-shape tube experiment in which
the scientific phenomena happened.

(1) The level of distilled water in the test tube represents the evaporation required to
detect the level of distilled water changes.

(2) Above the distilled water level: which the condensation is identified by detecting
the water droplets.

(3) The coconut oil level in the S-shape tube: which the water vapor exerts to change
coconut oil level as the pressure of water vapor.

2.3.2 The Color Manipulatives’ Activity

The second activity aims to help students to understand the vapor pressure and related
concepts at the microscopic level. The color manipulative was used as a tool to sup-
port students’ learning during the explanation of each concept. Students are required to
present their understanding from the first activity by generating the molecular model to
explain and share ideas using the colored buttons to represent atoms or molecules.

Figure 3 presents an example of a student’s model to demonstrate the process of
evaporation as a molecular explanation. Students are required to utilize the colored
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buttons in this activity. Not only students used it to present their ideas, but teachers also
used the color manipulatives to evaluate student’s understanding. Additionally, teachers
could adjust incorrect ideas to hold the alternative concepts to be the correct ideas after
activities finished.

Fig. 3. The color manipulatives’ activity that requires students to construct.

2.4 Data Collection and Analysis

According to this research’s purpose, the assessment tools are established to determine
the conceptual understanding of the vapor pressure. It is developed based on previous
studies’ alternative concepts (Canpolat 2006; Chang 1999; Pinarbasi et al. 2009). In
addition, the content validity of the test questions was assessed by chemistry lecturers.
Tools for data collection consists of four tasks as detailed:

(1) Pre-conceptual test was designed based on an open-ended question to collect infor-
mation about students’ prior knowledge concerning vapor pressure and related
concepts.

(2) Student’s handouts were the worksheets with questions related to the S-shape tube
experiment procedure.

(3) Color manipulatives’ handout was used to assess the in-depth perception of vapor
pressure and related concepts.
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(4) Interview questions was a semi-structured interview for collecting data to clarify
and confirm students’ responses in the handouts, and to examine their conceptual
understanding of those concepts associated with color manipulatives to reveal and
transform the mental model

To analyze the responses to an open-ended question in pre-conceptual test and stu-
dents’ handouts, each item’s possible solutions with the given points are pre-determined
and validated by the experts and used as criteria for scoring. Additionally, a thematic
analysis is used to seek the understanding of each vapor pressure concept. As the inter-
view results, the conversation between interviewers and the respondents was analyzed
using a thematic approach to discover understanding in each concept.

3 Results and Discussion

3.1 Pre-conceptual Test and Students’ Handout

The purpose of this analysis was to identify the vapor pressure concept after learning in
all activities. Students’ answers were grouped and interpreted using bottom-up analysis.
The results present in Table 1 show the level of expressed students’ understanding of
the task. In addition, the description of each level of understanding is developed from
Burnett (1999) and Øyehaug and Holt (2013).

Table 1. Show the categorization indicating and the number of student’s responses.

Level Description Number of students (n = 16)

0 No understanding Any explanation of vapor pressure and
related concepts do not express in the
task

0

1 Specific alternative concept Answers that present the incorrect
explanation in the chemistry context or
show the wrong technical terms in the
task

2

2 Partial understanding with specific
alternative concept

Answers that present some relevant
independent aspects of the concept, but
some incorrect ideas and wrong
technical terms are presented in the task

10

3 Partial understanding Answers that present correctly some
relevant independent aspects of the
concept using the correct technical
terms in the task

4

4 Sound understanding Answers that present the collaborated
relevant independent aspects and
complete ideas correctly of the concept
using the correct technical terms in the
task

0

Table 1displays thenumber of studentswhowere assessed theunderstandingof vapor
pressure after performing the learning activities. Overall, it is noticeable that ten students
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are in the level 2 presenting a partial understandingwith the specific alternative concepts.
For example students could explain some concepts about vapor pressure but they used
incorrect technical terms or missing some subconcepts. Some students mentioned that
“Evaporation is the process that liquid phase is changed into the gas phase”. When he
was asked to provide more reasons to support how it happens, he could not express fully
understand that concept. Furthermore, some students presented the alternative concept
(Garnett et al. 1995), such as he mentioned the components of gas in the bubble when
heated the system is oxygen gas.

However, four students have been classified into level 3 that they could answer
correctly without the incorrect technical terms. Still, the ideas of vapor pressure did
not show the integration as of the partial understanding. Some students represented the
independent aspects of vapor pressure to answer in the task. Besides, their answers were
complete and correct the explanation of vapor pressure, but it did not explain the whole
idea of vapor pressure. An example of a student’s response, “Boiling is the process that
liquid at room temperature gained the energy until reaching the boiling point; it changed
into vapor”.

There are two students identified at level 1 of understanding. They expressed the
incorrect explanation of vapor pressure and showed more alternative concepts. One
student answered that “The vapor water loses the energy to the environment in the
process of changing state of water. Then, the water droplets appear”.

Interestingly, no students were categorized into level 4, which is the sound
understanding, complete, and correct the explanation of vapor pressure.

3.2 Interview Results

The conversation between the interviewer and students was recorded to explore under-
standing at the microscopic level associated with color manipulatives as a tool for trans-
ferring mental perception into the concrete model. The interview results showed that ten
students (level 2) could not clearly explain and construct the vapor pressure model at the
molecular level. Even the interviewer added the guided question to lead them to recall
the observed result; they could only show the explanation at the macroscopic level. Here
is an excerpt from a student:

“When the distilled water heated to reach the boiling point, the evaporation
occurred, and the distilled water changed state into the gas state as white smoke.
The water vapor went directly to exert the coconut oil level, then the coconut oil
level changes. This process is vapor pressure.”

On the other hand, the students (level 3) presented the vapor pressure explanation
clearly; however, the relation of each aspect did not emerge in this group. This is because
students could not construct the overall process to explain the vapor pressure concept by
representing at the microscopic level. The guided questions were required to lead them
for catching the molecular explanation roughly. The following quote displays this point:

“To change the level of coconut oil in the test tube, pressure in the experiment
had to produce from the evaporation of distilled water. Besides, some molecule of
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distilled water was still the gas state that could exert to the level of coconut oil,
whereas some molecule condensed into the liquid state at above the level of the
distilled water in the test tube.”

3.3 The Suggested Online Resources

Based on the results, the level 1–3 of expressed understanding is assessed to show the
main problem of vapor pressure that lacks the molecular perception. Although students
described the scientific phenomena at the macroscopic level, the explanations at the
microscopic level required the explanation using theory or principle to express their
answer or createdmodel. Therefore,molecular visualization is an efficientway to provide
ideas to support learning at the microscopic level (Jones et al. 2005; Kelly 2014). The
online resources should illustrate the molecular behavior and the description such as
Kelly (2014) utilized the molecular visualization to simulate the molecules’ action for
teaching in the classroom.

4 Conclusion and Implication

This research aims to develop the learning unit to promote understanding of vapor
pressure using Kolb’s experiential learning model for direct experience providing before
learning in the online resources. This research reflects the general view that students still
have difficulty conceptualizing the prerequisite concepts of vapor pressure, that numbers
of students hold several alternative concepts. It could be summarized as follows:

(1) The technical terms are the main barrier of those concepts because students cannot
use the words correctly, such as vapor, steam, smoke, or droplet.

(2) The scientific phenomena from learning activities are apparent; however, some
students could not describe each activity’s ideas.

(3) The explanation and chemical reason are rarely mentioned because almost all the
students did not understand in-depth.

(4) The colormanipulatives can be utilized to identify students’ alternative conceptions.

As a result, the group of students who have partial understanding is suggested to
explore further vapor pressure and associated concepts, particularly the idea at the
microscopic level. The rationale behind this is that the color manipulatives had lim-
ited movement and were hard to represent at the microscopic level. In further study,
students will learn in the online resources that can express the molecular animation and
present the overview of vapor pressure. On the other hand, specific alternative concepts
and partial understanding with specific alternative concepts are advised to solve the pre-
requisite concepts first. To elaborate their understanding of the vapor pressure concept,
students should perform and observe the molecular explanation while constructing the
correct ideas. The type of online resources appropriate for these groups is the resources
that have the molecular animation associated with the text-based explanation.
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Abstract. This study builds a small-scale corpus of 54 reading texts of the
National Matriculation English Test from 2016 to 2019 and uses natural language
processing tools, Python and Coh-Metrix, to investigate text complexity with 35
quantitative indices from five aspects, including length, readability, vocabulary,
syntax and cohesion. Results reveal the major characteristics of these texts, show-
ing they have appropriate length, similar difficulty as the texts in high school
English textbooks and a higher level of lexical diversity and stem overlap among
all sentences than those in textbooks. The findings offer support for more precise
and effective reading instructional practice in high school from the perspectives
of the WHAT and the HOW in classroom teaching.

Keywords: Text complexity · NMET reading · Reading instruction in high
school · Python · Coh-Metrix

1 Introduction

Reading is an essential competence for EFL learners. It is a challenge for many Chinese
EFL learners, and the reasons are two-fold. First, reading comprehension comprises
the largest portion of almost every English high-stakes test in China, e.g., the National
MatriculationofEnglishTest (hereafter,NMET). Second, reading authenticEnglish texts
is the most common approach used by Chinese EFL learners in both rural and urban
areas to gain access to examples of authentic English. Reading instruction is therefore an
extremely important component of English teaching in schools and so is the promotion
of teaching effectiveness. In order to help students learn in the best possible way, teachers
should keepmany points inmindwhile designing and implementing a reading class, e.g.,
setting teaching goals, selecting appropriate materials, and employing effective teaching
strategies. Currently, teachers are expected to adhere to the principles and requirements
published as the National English Curriculum Standards (Ministry of Education of the
People’s Republic of China 2018) while planning teaching. The literature on the topic
of turning the Standards into reading instructional practice is quite voluminous (e.g.,
Wang et al. 2019); however, few studies have analyzed the NMET and drawn out any
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implications for classroom teaching. Consequently, in this study we focus on the reading
component of the NMET and conduct a corpus-based analysis of one of the test text’s
features, i.e., text complexity, and put forward a series of suggestions regarding the
WHAT and the HOW issues of reading instruction in high school based on the statistical
results.

2 Reading and Reading Instruction

Reading as an essential competence, both its instruction and its assessment, have long
been researched. By its nature, the concept of reading is goal-directed, multidimen-
sional and developmental (Fox and Alexander 2011). Specifically, reading is defined as
a meaning-making process initiated by a reader’s intention to interact with texts, which
requires an integration of cognitive, motivational and socio-contextual factors, and it is
also a dynamic accumulative development process across a reader’s lifespan (Alexander
2012; Pearson 2009). Research on second language (L2) reading “has evolved both as an
extension of first language (L1) reading and as a branch of second language acquisition”
(Koda 2012, p. 304). Verhoeven (2011) pinpointed that L2 reading involves a reader’s
linguistic knowledge (e.g., vocabulary, grammar), the proficient use of a complex set of
reading skills in both cognitive processes (e.g., working memory, schema, motivation)
and social processes (e.g., technology-assisted learning, communicative learning). L2
reading also relates to the text itself in that rhetoric, genre and text complexity (e.g.,
lexical, syntactical, semantic features) may influence a reader’s understanding (Hornof
2008). In this complex process, L2 reading involves three major operations: (a) extract-
ing linguistic information fromwritten language, (b) decoding the extracted information
into words, sentences and paragraphs, and (c) mapping the new information onto prior
knowledge (Koda 2012).

EFL learners’ reading competence may gradually improve through chronic practice,
with individual readers, especially struggling learners, requiring customized reading
instruction to facilitate the development of their reading comprehension (Pearson 2009).
Reading instruction generally includes macro reading models and micro reading strate-
gies. Reading strategies are those deliberate, goal-directed skills such as inferencing,
summarizing and comparing that attempt to support the reader’s efforts to recognize
words, process sentences and construct meanings out of text (Paris et al. 1984). Reading
models are packages or structures of a series of reading strategies in a specific order. Pop-
ular reading models such as the top-down model, the bottom-up model, the interactive
model, etc. have long been investigated to help students improve their reading compe-
tence (Shrum and Glisan 2010). Implementing such a reading pedagogy, however, does
not necessarily guarantee every student success in EFL reading competence.

As reading comprehension is the consequence of an extended amount of engaged
reading (Guthrie et al. 2013), selecting reading materials that will engage EFL readers
plays a pivotal role in both teaching and self-learning. The criteria or guidelines for
selecting such readings for EFL readers stress factors such as the reader’s prior knowl-
edge, topics of interest, cultural differences, value of information and text complexity
(Guthrie et al. 2013). Especially for intermediate level readers or middle school stu-
dents, there is also the factor of text complexity which is intrinsic to reading text in a
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foreign language (Laufer and Nation 2012). Therefore, to deepen our understanding of
L2 reading and to contribute to the development of EFL reading models, it is necessary
to draw on implications from the analysis of text complexity in reading materials. In
light of the widely noted contribution made by the study of syntactic complexity to the
development of writing instruction (e.g., Lu 2017), the current study is an attempt to
propose modifications to the models of contemporary reading instruction based on our
findings of text complexity.

3 Text Complexity

Broadly speaking, text complexity refers to the inherent difficulty of reading and compre-
hending a text combined with consideration of reader and task variables (NGA/CCSSO
2010). In a narrower sense, it is conceived as textual elements or factors that can be
analyzed, studied or manipulated (Mesmer et al. 2012). In the current study, we use this
term in its narrower sense.

Text complexity has been considered a critical task-related variable that may affect
test-takers’ reading performance, along with other variables such as genre (e.g., narra-
tives vs. informational tests) (Gardner 2004) and topic (e.g., a more vs. less familiar
topic) (Pulido 2004).

Previous studies of the effect of text complexity have examined three features of
individual texts, namely words, syntax and discourse structure (Mesmer et al. 2012).
Empirical studies have documented a strong relationship between vocabulary knowledge
and comprehension, finding that vocabulary difficulty has influence on the understanding
of text by L1 readers as well as L2 readers (Wright and Cervetti 2016). Regarding syntax,
researchers have considered the ability to parse sentence syntax an essential component
of reading comprehension (e.g., Graesser et al. 1996). It has been reported that the
opacity and heaviness of the constituent structure of sentences make texts harder to
process because readers might have difficulty in parsing the sentences (Berman 1984).
Regarding discourse structure, previous investigations of text complexity have been
limited to text length and cohesion. Hiebert (1999) observed that text length was one of
the features that distinguished between texts of different difficulty. Several studies have
reported that increasing the cohesion of a text makes it easier for readers to comprehend
it (Graesser et al. 2003).

Regarding studies of text complexity ofNMET texts set for reading, previous corpus-
based studies have mainly examined lexical complexity. Jin et al. (2017) investigated
the lexical profiles of reading texts in the NMET on a large scale, using Nation’s (2006)
fourteen 1K word-family lists based on the British National Corpus. They established
two sets of benchmarks using the 95% and 98% text coverage targets, which provides
implications for selecting and adapting reading texts in high-stakes tests. Making use of
the corpus toolsWordsmith and Treetagger,Wang (2018) reported the lexical complexity
of reading comprehension texts set by NMET (Jiangsu Province version) from three
aspects, i.e., type-token ratio, vocabulary distribution and function words, finding that
more attention should be paid to the width of vocabulary, lexical chunks and function
words. Other studies have evaluated the quality of the test design of NMET’s reading
section by investigating text complexity on the basis of text length and readability (e.g.,
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Peng et al. 2017). Nevertheless, the text complexity of the reading section in NMET
has not yet been examined fully, especially for syntax and discourse structure. With the
current study we aim to fill these research gaps.

4 The Present Study

In this study we investigate the text complexity of the reading component in the NMET.
Specifically, we seek to address the two research questions: What are the characteristics
of the text complexity of the NMET’s reading section? WHAT does the analysis of text
complexity tell us and HOW should reading instruction at high school change?

4.1 The Corpus

The current study built a small-scale corpus of 54 reading texts of the NMET, including a
nationwide version and a local version (i.e., Zhejiang Province version) for the academic
years 2016 to 2018.

4.2 Data Collection and Analysis

We analyzed the text complexity of reading texts in the NMET corpus with 35 measures
of text length, readability, lexical complexity, syntactic complexity and cohesion, using
the natural language processing tools Python and Coh-Metrix (see below). We chose
these features because they have been reported to have an effect on the reading process
of language learners (Alderson 2000) and on the performance of test-takers in the testing
context (Bachman and Palmer 1996). These measures comprehensively reflect the text
complexity of reading texts in vocabulary, syntax and discourse, providing a theoretical
framework for the study of text complexity.

As mentioned above, we used two tools, Python and Coh-Metrix, because they are
complementary: Python for the analysis of text length, readability and lexical complexity
and Coh-Metrix for the analysis of syntactic complexity and cohesion of texts (McNa-
mara et al. 2014). The advantage of using Python was that it integrated various functions
of text normalization (e.g., cleaning texts, removing special characters) and textual anal-
ysis (e.g., counting words, computing formulas), while Coh-Metrix provided a series of
reliable measures of syntactic complexity and cohesion of texts, thus having advantages
at syntax and discourse levels. In addition, we includedCoh-Metrix L2 readability for the
reason that it was designed especially for L2 learners. The measures of text complexity
and procedure were as follows (Table 1).

Text length was assessed via six measures. Before the counting of text length,
texts were normalized through Python, for instance, via text tokenization, text cleaning,
removing of special characters and case conversions.

Readability was assessed via three measures, including two traditional readability
formulas based on sentence length and average number of syllables in words, as well as
an L2 readability formula based on word frequency, syntactic similarity and referential
cohesion.
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Table 1. Measures of text complexity

Category Measures

Text length Number of words (excluding numbers or punctuation)

Number of sentences

Number of paragraphs

Length of words (average number of letters in words)

Length of sentences (average number of words in sentences)

Length of paragraphs (average number of sentences in paragraphs)

Readability Flesch Reading Ease

Flesch-Kincaid Grade Level

Coh-Metrix L2 Readability

Lexical complexity Lexical density (ratio of content words to function words)

Lexical diversity (type-token ratio)

Vocabulary coverage of the British National Corpus (1K word family)

Vocabulary coverage of the British National Corpus (2K word family)

Vocabulary coverage of the British National Corpus (3K word family)

Vocabulary coverage of the NMET syllabus glossary

Syntactic complexity Number of words before main verb

Number of modifiers per noun phrase

Minimal Edit Distance based on part of speech

Minimal Edit Distance based on all words

Minimal Edit Distance based on lemmas

Sentence syntax similarity between adjacent sentences

Sentence syntax similarity of all combinations

Cohesion Noun overlap between adjacent sentences

Argument overlap between adjacent sentences

Stem overlap between adjacent sentences

Content word overlap between adjacent sentences

Noun overlap of all sentences

Argument overlap of all sentences

Stem overlap of all sentences

Content word overlap of all sentences

LSA overlap between adjacent sentences

LSA overlap of all sentences

(continued)
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Table 1. (continued)

Category Measures

LSA overlap between adjacent paragraphs

LSA Given-New

Incidence score (occurrence per 1,000 words) for all connectives

Lexical complexity was assessed via six measures. Among them, vocabulary cov-
erage of the British National Corpus (BNC) refers to the ratio of words belonging to
the first 3K word families to words in the text and vocabulary coverage of the NMET
syllabus glossary refers to the ratio of words belonging to the NMET glossary to words
in the text. To be specific, vocabulary coverage of the BNC was calculated on the basis
of three vocabulary levels of the fourteen 1K word-family lists based on the BNC 14K
lists (Nation 2006), namely 1K, 2K and 3K word families, eliminating the effect of
proper nouns such as personal names or place names. The BNC 14K list was based on
the concept of word family, which was deemed suitable as a unit of measurement for the
vocabulary requirements of receptive skills such as listening and reading (Nation and
Beglar 2007). In order to maintain consistent statistical results, to calculate the vocab-
ulary coverage of the NMET syllabus glossary we established a corresponding relation
between the NMET syllabus glossary and the BNC 14K list on the basis of word family,
eliminating the effect of proper nouns.

Syntactic complexity, that is, the degree of sophistication and variation of the struc-
tures produced, has been operationalized in many ways (Lu 2017). We adopted seven
indices incorporated in Coh-Metrix. A higher value in the first four measures is associ-
atedwith a higher degree of syntactic sophistication, whereas a higher degree of sentence
syntax similarity is associated with a lower degree of syntactic variation (McNamara
et al. 2014). Besides, a combination of semantic and syntactic dissimilarity measuring
the uniformity and consistency of sentence construction in the text was based on the
notion of a Minimal Edit Distance (McCarthy et al. 2009). It calculates the average
minimal edit or the distance that parts of speech, words or lemmas are from one another
between consecutive sentences in a text.

Cohesion features are explicit characteristics in a text that help create cohesive links
between ideas and clauses (McNamara et al. 2014). We assessed the cohesion of the
texts using eight referential cohesion indices, four Latent Semantic Analysis (LSA)
indices and one incidence score in Coh-Metrix. Referential cohesion refers to overlap
in content words between local sentences, or coreference, which is a linguistic cue that
can aid readers in making connections between propositions, clauses and sentences
in their understanding (Halliday and Hasan 1976). Referential gaps can occur when
the words or concepts in a sentence do not overlap with other sentences in the text,
affecting readers’ comprehension and reading time according to their abilities (O’Reilly
and McNamara 2007). LSA provides measures of semantic overlap between sentences
or between paragraphs (Landauer et al. 2007). The LSA indices range from 0 to 1, with
a higher value indicating greater cohesion (McNamara et al. 2014). Coh-Metrix also
provides an incidence score (occurrence per 1,000 words) for all connectives, which
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play an important role in the cohesive links between ideas and clauses and provide clues
about text organization (Cain and Nash 2011).

In addition, given the fact that no systematic or complete benchmarks were proposed
for all the measures of text complexity, some of the measures used the values of a small-
scale corpus of high school students’ textbooks for reference. In order to establish the
benchmarks of the textbook corpus, two experienced teachers were invited to select
reading texts with similar difficulty as set by the NMET from high school students’
English textbooks (People’s Education Press version), including one text of practical
writing, one of expository writing, one of narrative writing and one of argumentative
writing. The text complexity data of 35measures covering text length, readability, lexical
complexity, syntactic complexity and cohesion were obtained through the descriptive
statistics of SPSS (23.0) and used as benchmarks in a comparison of the NMET reading
text corpus to determine the level of text complexity of the NMET, which is discussed
in the next section.

5 Results and Discussion

The results of text complexity were as follows (Table 2).
For text length, according to the NMET syllabus and the text length requirements in

reading tests put forward by scholars such as Alderson (2000), the reading texts of the
NMET were of relatively moderate text length.

Based on the result, the text difficulty of the reading section in the NMET was near
Grade 10 level of native speakers. Compared with the L2 Readability of the textbook
corpus (M = 16.70, SD= 8.25), the reading texts of the NMET were more difficult than
the textbooks for high school students.

As regards lexical complexity, the Mann-Whitney U test showed that the lexical
density of NMET reading texts was not significantly different from that of the textbooks
(p = 0.41) but the lexical diversity of the NMET reading texts was significantly higher
than that of the textbooks (p= 0.00). The vocabulary coverage of BNC 3Kword families
was higher than 95%, indicating that a large number of words used in the reading texts of
theNMETwere high-frequencywords and the textswould not present a heavy burden for
test takers’ reading (Laufer 1989). Furthermore, the vocabulary coverage of the NMET
syllabus glossary exceeded 96%, showing that the NMET reading texts were based on
the NMET syllabus glossary.

Among the results of syntactic complexity, a Mann-Whitney U test showed that
only one measure, the Minimal Edit Distance based on all words, of the NMET reading
texts had a significantly higher value than that of the textbook corpus (p = 0.03); other
measures showed no significant difference. It indicated that the syntactic complexity of
the NMET reading texts was at a similar level as high school textbooks.

The results of cohesion features showed that, with the textbook corpus assessed via
a Mann-Whitney U test, the NMET reading texts had a significantly higher value only
in one measure, that is, stem overlap of all sentences (p = 0.04), while other measures
revealed no significant difference. This showed that the levels of cohesion features of
the NMET reading texts were close to those of the textbooks of high school students,
implying that the cohesion features of the NMET reading texts were suitable for testing
high school students.
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Table 2. Results of text complexity

Measures N M SD

Number of words 54 282.39 10.00

Number of sentences 54 16.31 2.08

Number of paragraphs 54 4.94 0.83

Length of words 54 4.62 0.40

Length of sentences 54 18.59 2.40

Length of paragraphs 54 3.52 0.45

Flesch Reading Ease 54 58.65 5.76

Flesch-Kincaid Grade Level 54 9.70 1.27

Coh-Metrix L2 Readability 54 14.51 3.56

Lexical density 54 0.83 0.34

Lexical diversity 54 0.61 0.03

Vocabulary coverage of the BNC (1K word family) 54 0.83 0.03

Vocabulary coverage of the BNC (2K word family) 54 0.93 0.01

Vocabulary coverage of the BNC (3K word family) 54 0.96 0.01

Vocabulary coverage of the NMET syllabus glossary 54 0.96 0.01

Number of words before main verb 54 3.96 0.91

Number of modifiers per noun phrase 54 0.89 0.10

Minimal Edit Distance based on part of speech 54 0.68 0.03

Minimal Edit Distance based on all words 54 0.91 0.02

Minimal Edit Distance based on lemmas 54 0.89 0.02

Sentence syntax similarity between adjacent sentences 54 0.09 0.02

Sentence syntax similarity of all combinations 54 0.09 0.01

Noun overlap between adjacent sentences 54 0.32 0.10

Argument overlap between adjacent sentences 54 0.47 0.09

Stem overlap between adjacent sentences 54 0.42 0.10

Content word overlap between adjacent sentences 54 0.08 0.02

Noun overlap of all sentences 54 0.28 0.09

Argument overlap of all sentences 54 0.40 0.07

Stem overlap of all sentences 54 0.36 0.11

Content word overlap of all sentences 54 0.06 0.01

LSA overlap between adjacent sentences 54 0.18 0.04

LSA overlap of all sentences 54 0.17 0.05

(continued)
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Table 2. (continued)

Measures N M SD

LSA overlap between adjacent paragraphs 54 0.33 0.06

LSA Given-New 54 0.29 0.03

Incidence score for all connectives 54 82.56 8.67

6 Suggestions for Reading Instruction at High School

In this study, we took the NMET reading section as an example of the reading task
and analyzed it for 35 features such as text length, readability, lexical complexity, syn-
tactic complexity and cohesion with the natural language processing tools Python and
Coh-Metrix. Our results indicate that the reading section of the NMET had proper
text length, meeting the requirements of the NMET syllabus and general reading tests;
however, it was of somewhat greater difficulty than high school textbooks. In terms of
lexical complexity, the vocabulary in the reading section of the NMET was mostly high-
frequency words and the vocabulary of the NMET syllabus glossary was also mostly of
high-frequency words. In terms of lexical diversity, Minimal Edit Distance based on all
words of the NMET reading texts and one measure of cohesion (i.e., stem overlap of
all sentences) showed higher standards than usual in the NMET reading section. Lex-
ical density, syntactic complexity and other cohesion measures showed no significant
difference with the teaching materials of high school students in China.

Based on the summarized characteristics of the text complexity of the NMET’s
reading section, we, thus, believed that the answer of our first question can cast light on
our further inquires. That is, what and how the analysis of text complexity can enlighten
the reform of reading instruction in Chinese high schools? In the followed sections, we
proposed specific implications.

6.1 The WHAT

Local education departments generally suggest that schools in the same district use the
same textbook. However, due to a mismatch between existing textbooks and contextual
factors such as teachers’ belifes of teaching, students’ competence level and individual
differences, it is not unusual for teachers wanting to develop self-edited materials as
supplementary teaching resources when preparing lessons. Moreover, the findings of
the present study indicate that there are some differences between NMET reading texts
and the reading texts in the students’ textbook in terms of text complexity. Therefore, a
textbook cannot be the only source for daily teaching andNMETpreparation. To improve
students’ English competence and their performance in the NMET, teachers are advised
to take account of the NMET reading texts while designing classroom instruction.

Given that developing criteria for evaluating, selecting and adapting materials is
fundamental, the results of the analysis of text complexity in the study served the afore-
mentioned issue in two aspects. First of all, it is an indispensable part of designing a
reading class to set teaching goals, and to select and adapt the reading texts. Teachers
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might refer to our framework of text complexity, which was used to analyze 35 features
of complexity, such as text length, readability, lexical complexity, syntactic complexity
and cohesion, to help evaluate the quality of the reading texts and then select and edit
them. Traditionally, reading instruction in high school aims at explaining vocabulary,
gist, details and syntax while cohesion is ignored. To reduce the students’ processing
burden, it is advised that teachers should include lexical complexity, syntactic complex-
ity and cohesion in their teaching. With regard to the selection and adaption of teaching
materials, teachers might refer to the statistical results of this study and develop a set of
criteria. For example, the number of words in each text could be around 280, the Flesch
Reading Ease score could be approximately 60, the Coh-Metrix L2 Readability score
could be around 15, the vocabulary coverage of BNC 3K word families and the NMET
syllabus glossary could reach 96%, lexical density could be around 1 and the incidence
of all connectives per 1,000 words could be about 85.

Secondly, the study offers possible methods for the development of reading texts
or banking items for formative assessment during teaching. Every natural language
processing tool has its advantages. As mentioned earlier, the use of Python reduces sta-
tistical differences due to its powerful functions while Coh-Metrix shines at syntactic
and discourse levels. Changes in text complexity to suit teacher and students could inte-
grate the relative advantages of Python and Coh-Metrix, and the teacher could conduct
an in-depth analysis of selected reading texts by constructing 35 measures covering
five aspects: text length, readability, lexical complexity, syntactic complexity and cohe-
sion. Teachers could build an item banking system based on these measures, making
the text complexity of reading materials for teaching and testing more sound by being
scientifically based.

6.2 The HOW

The washback effect of the NMET should be taken into consideration in the design of
teaching. Examinations, especially high-stakes tests like the NMET, have a great impact
on the teaching in Chinese high schools. Through the analysis of the text complexity
of the NMET reading section, we have primarily become aware of the fact that textual
features could make a difference to high school teaching goals, teaching content and
teaching methods. Thus, during the teaching process, more attention should be paid to
the textual features of reading texts, for instance, the number of words, sentences and
paragraphs.

Secondly, the teaching of long sentences and paragraphs should be preceded by a
logical analysis of their meanings. As regards vocabulary, teachers ought to put more
stress on lexical diversity and strengthen students’ ability to comprehend wordmeanings
by analyzing what it means to use a variety of words in different contexts, something
that has been neglected in high school teaching.

Thirdly, since this study has been demonstrated that the ability to analyze syntax and
cohesion is also required in the NMET, teachers cannot ignore the need to provide an
explanation for and the learning of words modifying the main verb, syntactic patterns,
overlaps among words and so on.

To sum up, while the analysis of text complexity provides an objective assessment of
the difficulty of reading texts, the overall difficulty of the NMET test is also affected by
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factors such as test takers’ proficiency, familiarity with the topic, cognition and thinking
ability. In any case, an objective statistical analysis of text complexity is an important
step to assist teachers in their selection of teaching materials and teaching decision.
Future research could explore how to use technology to analyze the reading source text
and develop more specific teaching strategies for devising or selecting reading texts at
different levels of complexity.
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Abstract. Learning in an interesting and funny way is a successful key for lit-
tle kids to absorb new concepts. In Hong Kong, kids are studying core subjects
through “assessment” as they have to prepare for their standardized tests and exam-
inations. Most of them are studying under high pressure to obtain excellence in the
assessment. If they did not get good results, they will be frustrated and will lose
their interest in learning eventually. This paper introduces the use of “game-based
learning” for little kids to learn simple arithmetic calculations in a funny way. By
using artificial intelligence (AI) techniques, the application can provide training
exercises casually to motivate kids to learn simple arithmetic during the gameplay.
Kids are focusing on how to defeat the monsters to satisfy the game goal that they
will work hard to solve the simple mathematical questions. Also, the application
can enhance the parent-child relationship when the kids achieve the goal in each
stage with their parents together.

Keywords: Online learning · Quality assurance · Student engagement · Student
satisfaction

1 Introduction

The Hong Kong Government provides 12 years of free primary and secondary educa-
tion to children studying in public schools (Education Bureau 2020). In addition, a “Free
Quality Kindergarten Education” (Education Bureau 2016) was released from the aca-
demic year1 2017/18 that the government will provide financial support to all families
with their children admitted to non-profit based kindergarten.

In Hong Kong, students have adopted to study through different types of “assess-
ment” as they have to prepare for a lot of standardized tests and examinations, especially
for primary students. To achieve academic excellence, kids are studying in high pressure
with many extra-curricular activities. They will face with many “intrinsic” punishments,

1 In Hong Kong, “academic year” means the period from the first day of September to the last
day of August in next year.
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such as physical punishment from parents (Chu 2018) if their results are not good enough
(Topick - Hong Kong Economic Times 2018). Hence, some children may get frustrated
and lose their confidence in learning. The worst case is some children cannot afford the
pressure and commit suicides (Ngan 2019). The committee on Prevention of Student
Suicides by the Education Bureau (Committee on Prevention of Student Suicides 2016)
stated there is over 55% of investigated cases that are related to study problem.

Moreover, the main pedagogy used in Hong Kong education is a “spoon-feeding
education” instead of “student-based education”. Students are forced to “absorb” all the
knowledge to satisfy all the requirements released by Education Bureau (Curriculum
Development Council 2014, 2017), which may not be an effective way for students to
learn. Even though the educational reform has been proposed in recent years, such as
acquiring information technology and activity-based education, the fundamental edu-
cation system of Hong Kong remains the same. A known protocol for teacher is to
complete the syllabus on time that they are hard to take care of the student affordance
and the learning quality. The Legislative Council committee (2009, 2010) pointed out
that the current education system remains an outdated “spoon-feeding” which focused
on “memorization” and “rote”. With this approach, creativity from students will be
minimal.

To motivate children in learning, stakeholders should promote more innovative ways
than using the traditional teaching methodology in conducting lessons as the children in
this generation needmore attention than before. Also, many supports and supplementary
activities are proposed by applying various technologies. Lee et al. (2019) proposed a
mobile game with an attractive interface in learning English vocabularies by building
models with virtual Lego blocks in using AR technology. The application can let users
learn English words effectively in a funny way by building blocks virtually.

In this paper, a simple game application is proposed to motivate preschoolers and
junior primary education students to learn simple mathematics by completing simple
tasks in an interesting game with attractive interface. In enhancing the efficiency and
correctness in mental arithmetic, dynamic practicing is an effective way to realize the
preferred results. Hence, the application contains an arena so the user can control the
player character to collect all required resources by purifying enemies with mental
arithmetic skills as the weapon. The user can then activate the attack mode to damage
the stage boss or the healing mode to protect the character by answering a mathematical
question involves arithmetic calculation. This process will be repeated until the stamina
of the stage boss is used up. The game will be continued to the next level. The gameplay
can attract the kids to complete all stages. Moreover, not just for improving the mental
arithmetic skill, the application also aims to improve the parent-child relationship as
parents should accompany their child to manage the game adventure.

2 Literature Review

The application will be web-based and compatible with computers and mobile devices
in choosing appropriate technologies, there will be a definite advantage which satisfies
the requirements in both computers and mobile devices. In the following, Sect. 2.1 will
review the current technologies, and Sect. 2.2 will review similar applications available
in the market currently.
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2.1 Review of Technologies

Review of Programming Languages. There aremanyweb-based technologies such as
JavaScript, Hypertext Preprocessor (PHP) and Python, which can be applied to build up
web applications. However, the requirements of those languages other than JavaScript
are high. For example, PHP has to be operated by a server. However, JavaScript can
be used to build applications in either client-server mode or standalone mode. Also,
JavaScript can be applied with Hypertext Markup Language (HTML) together easily.
Curran and George (Curran and George 2012) evaluated the usability of JavaScript with
other techniques for building up different types of web game applications. By applying
JavaScript APIs, it can enrich the functionality of the game to increase the gaming
experiences.

Review of Artificial Intelligence (AI). To enhance the gameplay of the game, AI tech-
niques can be applied to the game. Pannu (2015) explored the standard AI techniques in
use, such as Neural Network, Fuzzy Logic, Evolutionary Computing, and Hybrid Artifi-
cial Intelligence. The mechanism of each technique and the related area was discussed in
detail. In this paper, AI algorithm will be explored, but the AI algorithm cannot be “too
clever” to defeat the player while most of the users are the kids, and they have limited
calculation ability. Kids may be frustrated if the AI enemies defeat them by generating
complicated questions.

2.2 Review of Existing Solutions

Zhang et al. (2004) compared the pros and cons of classroom learning and e-learning. The
assessment results by using e-learning are much higher than that of classroom learning.
They concluded e-learning could perform effective teaching and learning environments
for both students and teachers. Moreover, the traditional classroom learning needs stu-
dents to attend the class according to a specific time and a designated location. It leads to
the lack of flexibility for students to learn at anytime and anywhere. Also, the instructors
need to complete the teaching at a designated place and time.

Pareto (2012) proposed an application by using AR in performing arithmetic. The
application mainly focuses on students with disability that provides many activities for
students to cope with their difficulties. This AR application may not be suitable for
mental arithmetic because our targeted users are different. Moreover, a relatively larger
space is needed to run the AR application.

Roussou et al. (2006) proposed a virtual reality (VR) application in education. How-
ever, VR is not suitable for kids, especially for kids aged 3–8; it may be harmful to
their eyes. The application needs to prepare ample space to perform the activity with
VR googles. The VR application is not suitable for nursery and junior primary students
since they may feel dizzy when they play with VR googles. Shields and Wells (N.D.)
reported that using VR headset may cause headaches, eye strain, dizziness and nausea,
and myopia. Sony Interactive Entertainment Inc2 stated the health warning that their VR
device is not suitable for children aged under 12.

2 https://www.playstation.com/en-us/network/legal/health-warnings/

https://www.playstation.com/en-us/network/legal/health-warnings/
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Baldeón et al. (2015) proposed a game application to let kids to learn mathematics
through a role-playing experience. The game is exciting that the player can become a
game designer to build up a series of games for other in learning fractions. The game is
strategically focusing on the childrenwho like designing games. Teacher is the supervisor
to monitor the whole development. In Hong Kong, few kids are smart enough to perform
the game development, especially for preschoolers. Also, parents are hard to approve
their children to learn core contents in an indirect way.

3 Methodology

3.1 Application Design

Game Interface Design. Since the users are preschoolers accompanied with their par-
ents, the game interface should be simple engaging and colorful to attract the users.
Moreover, the interface design is in responsive according to the different devices in use.
The application will automatically determine the operating device to provide a consis-
tent gaming experience. Alternatively, it provides the best fit of the screen display which
satisfies the requirements of the device.

Game Play Design. In each stage, there is an arena with a stage boss to be defeated by
the player by collecting a number of gems (resources). In each turn, there are several
monsters at different places. The player should meet all monsters in the arena to collect
the resources.When the playermeets amonster, an arithmetic questionwill be prompted,
it can be an addition, a subtraction, or a mixed arithmetic question with addition and
subtraction, according to the level of the game, as shown in Fig. 1. Then, the player
should select the correct answer to solve the question, and the resource can be collected
by purifying that monster if the player answers the question correctly. If the player gives
a wrong answer, the stamina of the player will be deducted, and the monster leaves the
arena immediately.When all monsters are defeated or left, that turn will be completed. In
each turn, several resources can be collected only.When the player collected the required
number of resources (it can be in several turns), the player can activate the attackmode to
attack the stage boss by solving a relatively complicated arithmetic question, commonly
in mixed arithmetic to reduce the stamina of stage boss, as shown in Fig. 2, or activate
the heal mode to recover the player stamina as shown in Fig. 3. If the stamina of the
player or stage boss has not been used up, next turn is prompted to collect resources
then attack the stage boss until the stage boss or the player has been defeated. Then the
game advances to the next stage if the stage boss is defeated or the game is over when
the player is defeated. When the game is over, the overall statistics of each gameplay
will be displayed, as shown in Fig. 4.

As kids may not be familiar in using the attack mode or heal mode, the game will
determine the suitable mode based on the stamina of the player; if the stamina is 80%
or more, only attack mode can be activated. On the other hand, only heal mode can be
activated when the stamina of player is less than 20%.
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Fig. 1. An arithmetic question is prompted when the player (player) meets the monster (NPC).

Fig. 2. The attack mode with a complicated question in defeating the stage boss.

Fig. 3. The player stamina is recovered by heal mode.



40 C. Kwok et al.

Fig. 4. The result page of the game application.

3.2 Character Movement Design

In the game, except the stage boss, all characters included player character (player, PC),
and non-player characters (monsters, NPC) can move freely within the arena. There are
policies to perform the best movement of the player and all monsters.

Since the game can be applied either on laptops or mobile devices, the user controls
the player by keyboardmaynot be suitable because there is no external keyboard installed
on amobile device.Moreover, the virtual keyboard in themobile device is not appropriate
since the virtual keyboard covered around one-third of the screen, so the arena is covered
then the gameplay will be affected. So, a direct position allocation mechanism is applied
by using a mouse (mainly for laptops) or directly click the place of the arena (mainly for
mobile devices or laptops with touch screen function) to schedule the route of character.
The turning angle of the character will be calculated by using formula (1) when the
player is heading to the destination. The (xp, yp) is the current coordinate of the player,
and (xc, yc) is the coordinate that the player clicked on the arena. By applying the arc
tangent to find out the theta (θ) from the division result of absolute axis differences
which is the angle of the player should be turned like a track. The θ is calculated until
the player reaches the clicked coordinate.

θ = tan−1

(∣∣yp − yc
∣∣∣∣xp − xc
∣∣
)

(1)

The game also involved the movement of all objects except for the stage boss, finite
state machine (FSM) as shown in Fig. 5, will be applied in controlling the specific
movements of all monsters to maintain the best game experience. Saini et al. (2011)
stated FSM is used in a fighting game to what actions will be made according to the
conditions of the player. Then, performing the actions to the AI player, which simulate
the gameplay that like a human player in control. In the design, there are three states
which are patrol, chase and escape to control the movements of monsters. Monsters are
walking around in the arena in patrol state. They find out the best route then chase the
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player in chase state. Then monster will leave in escape state. The escape is operated
when they meet only.

Fig. 5. States for monsters in finite state machine (FSM).

More in depth, according to the skeleton of the FSM is developed, the movement
logic of each monster has been shown in Fig. 6. Monsters are generated then detect
the distance to the player. If the distance is zero pixel (px) or less, which means they
reached already, an arithmetic question is generated to the player. While the distance is
in between 0 px and 210 px, the monster will chase the player according to the stamina
of the player. If the stamina of player is more than 40%, the monster will move faster.
And the monster will move slower in otherwise. While the monster is far away from the
player, which is more than 210 px in the distance, the monster will generate a moving
direction randomly and start to move. And the monster will get into another way if
reached the arena boundary.

Moreover, the formula in (1) is also applicable to find out the turning angle of
monsters. The formula in (2) is applied to find out the distance d of player and monster
by the coordinates of the player with (xp, yp) and monster with (xc, yc).

d =
√(

xp − xc
)2 + (

yp − yc
)2 (2)

3.3 Arithmetic Questions Design

The arithmetic questions design is the core part of the game. Since the target of the
game is for nursery and junior primary students, and their calculation skills may not be
substantial. The questions will be generated from the easiest to the hardest. That means
questions will be generated an addition and subtraction with two terms in the first few
stages. Then, according to the results, the complexity of the game will be increased or
remain unchanged.

Relatively more straightforward questions will be generated in the beginner levels,
like two terms with single digit addition (e.g. 4 + 3) and subtraction (e.g. 9-2). While
the result of the scope is satisfied that the types of questions will be enhanced, like
three terms arithmetic calculations (e.g. 1 + 2 + 3, 4 + 5–7). All answered questions
would be recorded and analyzed. If any scope becomes weak, those types of questions
are generated frequently as a remedial. However, the user may not know the type of
questions that are duplicated as they are focusing on how to defeat the stage boss. For
junior primary students, four terms with double digits in mixed arithmetic calculation
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Fig. 6. The logic of monster movements.

will be the highest level in the game. For nursery students, the highest level is set to three
terms with single digit mix calculated with addition and subtraction.

In details, Fig. 7 shows the logic in generating questions at a level. In each level, the
maximum of possible questions will be concluded. According to the percentage of the
questions generated, that means the player answered a quantity of questions, the model
will start to search questions that answered incorrectly thenmixed upwith new questions
then generate to the player by a “random factor”. The random factor is a policy with
a weighting value to consider generating a new question or regenerating an incorrect
question from the result. The factor will tend to select incorrectly answered questions
when the most of new questions are generated.

When 70% or more of new questions generated, the model will release questions
according to the player’s performance. If the correctness (performance) is 10% or lower,
the model treated the player is weak in that scope. Remedial is needed then questions
answered incorrectly that will be regenerated. When the performance is in between
10% and 80%, a new question or an incorrect question will be generated according
to the random factor. Also, duplicated question cannot be selected continuously. If the
performance is 80% or higher, a new question will be generated.

To make sure the stage boss can be defeated, the attack power of the player is related
to the valid questions in each stage. For example, if 20 valid questions can be generated,
the attack power of the player will be 5%. More valid questions can be generated in
higher levels so that the attack power will be weakened. To avoid the player attends
too many questions, the model will limit similar format of questions (e.g. 1 + 1 and



A Mobile Game-Based Learning Approach 43

Fig. 7. The logic of question generation.

1 + 2) can be generated. Hence, the performance of the player in a stage can be more
significantly performed.

4 Evaluation and Discussion

The application had been evaluated by thirteen preschoolers and junior primary chil-
dren, accompanied by their parents. The evaluation was instantly followed by two
post-experiment surveys, targeted for the children and their parents, respectively.

The game mode attracts all the children. They focus on how to collect the resources
by applying their arithmetic ability, and how they can defeat the stage boss. Simple
graphics can effectively attract their eyes to focus on the required targets.

However, the result in arithmetic improvement cannot be figured out at the moment
because the evaluation period is too short. Pre- and post-tests with two sets of similar
questions have been given to children to be completed before and after playing the
game. Although the improvement has not been seen significantly, the reactions in doing
calculation has been enhanced after completing the game.

From the feedback of the parents, the game could improve the arithmetic ability
of children after playing for a period. Since the questions are at beginner level, some
parents suggested the complexity can be increased and advanced arithmetic calculations
can be added, for example, two digits arithmetic calculation, multiplication and division
questions can be added. Furthermore, one of the parents suggested that the game can
further be extended to other subjects, such as the Chinese language with word phrases
matching and vocabulary spelling in the English language.
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Parents feel comfortable about the game mode, they commented that it is well
designed for kids as the game does not contain any violence or blood scenes. And it
brings out a positive message that the evil will eventually be defeated by justice. The
gameplay can effectively encourage the user to complete a task individually or work in
a team with their parents. It has been frequently observed that when the children came
up with a challenging question, they seek for the assistance from their parents.

The game is colorful tomotivate the kids to play. Pixel-liked characters are set in high
contrast that kids can see the targets clearly. Moreover, the game performed questions
strategically, which focus on the weakest area of the users according to their previous
performance in an individual run. This avoids the boredom brought by regular “drill and
kill” methods but it can still consolidate the knowledge of the game player on weaker
aspects.

In general, the application can satisfy the objectives to improve the mental arithmetic
ability. Kids are motivated to communicate with their parents in learning through game
playing. Hence, the parent-child relationship can be enhanced accordingly.

5 Conclusion

Learning environment for kids should be relaxing and enjoyable especially for the next
generation kids. In this paper, a mobile game-based application has been developed to
motivate the kids to learn mental arithmetic. The application promotes the use of game
playing during learning. It can eventually enhance the users’ mental arithmetic skills,
problem-solving skills, and also the parent-child relationship by playing a funny and
straightforward monster defeating game. The AI algorithm is set to release the mental
arithmetic questions strategically to focus on the weakness of the user. As the related
skill has been trained appropriately, users can experience this immersive way to learn
mental arithmetic with fun effectively during game playing.
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Abstract. Online education becomes increasingly popular in tourism education.
This research is based on a modified instructional strategy framework for online
learning environments. The framework integrates behavioral learning theory, cog-
nitive learning theory and social learning theory and proposed seven principles to
evaluate the quality of online education. Although the framework iswidely applied
in an online learning environment, limited research has applied this framework in
tourism education. There are three main objectives in the study: (1) to evaluate the
learning experience from the student’s perspective; (2) to investigate the instruc-
tional strategies from the perspective of teachers; and (3) to compare whether
there is any teacher-student discrepancy in the online education experience. This
study adopted a mixed-method approach of data collection, which includes semi-
structured in-depth interviews with teachers and a survey on the students’ opinion
through a questionnaire. The results indicate that feedback is heavily influencing
the online course quality from the perspective of students. Meanwhile, teachers
tend to consider interaction as a critical factor due to the special requirement of the
tourism industry. The findings shed lights on guiding the improvements in online
tourism education.

Keywords: Instructional strategy · Learning experience · Online teaching ·
Tourism education · Student satisfaction

1 Introduction

Online education refers to an instructional approach which facilitates teaching and learn-
ing activities in an online environment (Boelens et al. 2017; Huang 2000; Sigala 2004).
It has been developed rapidly along with Internet technologies. During the Covid-19
pandemic, human mobility was severely affected (Fang et al. 2020; Yang et al. 2020).
Online education immediately becomes a significant trend for most of the educational
institutes in the spring semester of 2020. It enables students to participate in educational
activities without physically being there (Johnson and Aragon 2003; Sigala 2002; Yan
2020).
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Numerous studies have been done on online instructional strategies (Cuthrell and
Lyon 2007; Gaytan and McEwen 2007; Watson et al. 2017); however, the assessment
on the quality of online tourism education is a highly under-researched area. The spe-
cific nature of the tourism sector requires tourism education to combine theories with
practicums (Daniel et al. 2017; Zagonari 2009). The online environment is a challenge
for tourism educators to incorporate both knowledge transfer and practical skill training.
Therefore, it is crucial to identify the critical success factors for quality online education
in the tourism field.

Although an increasing number of tourism educators are incorporating the Internet
into their instruction, limited studies explored the proper instructional strategies for
tourism field (Sigala 2002). Moreover, previous studies are mostly conducted from the
perspective of students, and limited research was done on comparing the perception gap
between students and teachers in tourism education. It is essential to understand whether
what the teachers offer is what the students need in an online environment.

The objectives of this research are threefold. First, this study aims to evaluate the
learning experience of tourism students in an online environment. We would like to
explore the critical success factors in tourism education and how the factors would
influence on student’s satisfaction on the online courses. Students’ perceptions can help
tourism educators to understand students’ needs and expectations. The second objective
is to investigate the instructional strategies from the perspective of teachers. The teachers’
perspective reflects the educational concept and teaching design of tourism courses. The
last objective is to assess whether there is any discrepancy between students and teachers
regarding online tourism courses and to put forward recommendations for improvement.

2 Literature Review

2.1 Instructional Strategies for Online Learning Environments

Instructional strategies refer to techniques that the educators adopt to motivate students,
organize information and assess learning outcomes (Learning 2015). Previous scholars
in the field of instructional strategies found no significant differences on student sat-
isfaction and learning outcomes comparing the online education and classroom-based
instructions (Johnson and Aragon 2003; Johnson et al. 2000). This finding led to the
conclusion that technology is less important than other instructional factors, such as
course content, teaching design (Phipps and Merisotis 1999). However, with the rapid
development of technology, online education becomes increasingly popular. The shift
from traditional instructor-led paradigm to student participation becomes both a chal-
lenge and an opportunity for online courses (Sadeghi 2019; Yan 2020). Johnson and
Aragon (2003) proposed that quality online education should be based on principles
that are developed from a variety of learning theories, including behavioral learning
theory, cognitive learning theory and social learning theory. They further suggested a
comprehensive instructional framework for an online environment, including seven prin-
ciples: highlighting individual differences; motivating the student; avoiding information
overload; providing a real-life context; facilitating social interaction; involving active
participation, and inspiring student reflection. The seven principles in the framework
incorporate 21 items in total, providing a specific guideline for online education.
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This study utilized the online instructional framework to evaluate the quality of
online education. Previous scholars argued that student satisfaction directly influences
instruction quality. It is generally accepted that student satisfaction, which shows how
positively students perceive their learning experiences, is an essential factor of learning
outcomes and teaching quality (Atay and Yildirim 2009; Liao and Hsieh 2011; Scotland
2006). Therefore, this study uses student satisfaction as an indicator of online instruction
quality.

2.2 Tourism Online Education

In the higher education of tourism such as Bachelor or Master’s programmes in univer-
sities, classroom lecturing is usually the most common and useful mode of knowledge
transfer. To supplement the practical training and enrich the experience of the students,
many tourism educators have also included the part of outdoor fieldwork and field trips
(Jong 2015; Leydon andTurner 2013).However, to address the disadvantages of one-way
instructor-to-learners lecturing, some programmes incorporate more exercises, involve-
ment and interaction of real-life practical context to the students (Herbert et al. 2017).
Some researchers confirmed the effectiveness of active learning by applying in-class
activities which are based on the theories of constructivism or social interdependence
(Arthurs and Kreager 2017; Mahon et al. 2010).

Due to the impact of the Covid-19 pandemic, many in-class face-to-face lecturing
had to shift to online teaching, and most of the planned field trips were also cancelled.
In the context of tourism education, these field experiences were lost, but instructors
had also attempted to move at least a small part of the field trips to a combined mode of
video, virtual and self-paced arrangements. Such combination of real-world and virtual
experience was not uncommon in both tourism industry and destination management
(Davis and Singh 2015; Webster 2016), and the e-learning perspectives (Azeiteiro et al.
2015; Schott 2017). Although online teaching or e-learning might not satisfy the expec-
tations of tourism practitioners and students (Cini et al. 2015), the teaching mechanism
must be changed and transformed to online platforms unintentionally in such difficult
time. Nevertheless, opportunities beyond classroom teaching could exist from the crisis
because tourism educationwould often involve a great variety of both knowledge transfer
and practical skill training. E-learning could be viewed and implemented to incorporate
various teaching-learning activities that should not be constrained by time, resources,
geographical settings and locations since tourism courses could cover a wide range of
topics related to urban, cultural and heritage, community-based and nature-based topics
and experiences (Kelner and Sanders 2009; Ting and Cheng 2017).

With multimedia and simulation of real-world situations (Callaghan 2016; Fotiadis
and Sigala 2015), online teaching can incorporate a great variety of tourism context,
as well as a scenario-based approach that involves instructors and students without
geographical boundaries (Arthurs and Kreager 2017; Cini et al. 2015; Herbert et al.
2017; Ting and Cheng 2017). In the circumstance of the COVID-19 pandemic, many
overseas instructors and students were trapped at home. It is therefore expected that
online education could break the geographical limitations with the combination of mul-
tiple teaching-learning approaches, such as virtual reality (VR) (Schott 2017; Weibel
et al. 2012), augmented reality (AR) (Dunleavy et al. 2009), game-based learning and
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e-Learning modules to attain far-reaching advantages and benefits teaching-learning
experience enhancement (Benckendorff et al. 2015; Mavridis et al. 2017).

Tourism education (e.g. tourismplanning andmanagement, sustainable tourism, eco-
tourism, cultural tourism, urban tourism and others) is advocated to utilize e-learning
approach and turn to online mode since these areas usually involve wider global con-
sciousness and understanding of environmental and cultural diversity (Hales and Jen-
nings 2017; Jong 2015; Raptis et al. 2018; Xu et al. 2017). Online education in tourism
study allows students to benefit from knowledge acquisition (e.g. learning of funda-
mental concepts, underlying theories and applying models) (Kollmuss and Agyeman
2002; Lloyd-Strovas et al. 2018; Webster 2016), attitudinal and perceptual changes (e.g.
discussions about controversial topics and issues in tourist destinations) (Fatima et al.
2016; Mobley et al. 2010), as well as usability consideration (e.g. stimulation of learn-
ing and response interest, and simulation of real-world situations) (Chiao et al. 2018;
Mavridis et al. 2017). However, there is still much room for empirical evidence on how
online education and e-learning platformmay support and improve the effectiveness and
experience in teaching-learning process in tourism education (Mavridis et al. 2017).

3 Methodologies

A mixed-method approach, including both qualitative and quantitative measurement, is
adopted in this study. This approach allows a comprehensive understanding of tourism
online education quality from the perspective of both students and teachers. First,
exploratory factor analysis was conducted to investigate determining factors for quality
tourism online courses; second, regression analysis was followed to explore the rela-
tionship between the identified factors with student satisfaction towards online courses;
meanwhile, teachers’ opinion was collected through in-depth interviews. The perception
gaps were compared at the last stage.

3.1 Design of Questionnaire and Data Collection

Student opinions were collected by using an online survey questionnaire. Section one
includes instructional strategies. The items are derived from the instructional strategy
framework developed by Johnson and Aragon (2003). The framework includes seven
principles with 21 items in total. Section two contains one question about the satisfaction
level with the quality of online courses in the spring semester of 2020. The last section
of the questionnaire is an open-end question about the comments on the current online
courses and suggestions for improving online learning quality. This questionnaire adopts
a 5-point Likert scale, with “1” representing “strongly disagree” and “5” representing
“strongly agree”. The questionnaire was pre-tested with 30 students, and adjustment was
made after the pilot test to ensure students’ accurate understanding of each question. We
selected one bachelor and one master program in tourism field from two universities
in Hong Kong and Macau as our target samples. The final data set included 152 valid
responses.
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3.2 Data Analysis

Exploratory factor analysis (EFA) ismost commonly used in reducing the dimensionality
of the original set of data into new dimensions which could be generated from the old
ones (Fabrigar and Wegener 2011). In this study, EFA was conducted to the 21 items
in the instructional strategy framework. Boost Regression Trees (BRT) model (Carslaw
and Taylor 2009) was employed after the EFA, which is developed for classification
and regression trees (Elith et al. 2008; Schapire 2003). It is a statistical approach, which
utilizes the technique of boosting to combine large numbers of relatively simple tree
models adaptively to optimize predictive performance.BRT is capable of addressing both
linear and non-linear relationships and interactions between variables. Therefore, this
study adopted BTR to investigate relationships between the resulting factors generated
from EFA and the satisfaction level of online courses.

3.3 Semi-structured Interview

Teachers’ perspective of online education quality was investigated through a semi-
structured interview, including questions about critical elements for quality online teach-
ing and suggestions for improving online teaching quality. Face-to-face interviews with
individual interviewees were conducted at the end of the spring semester of 2020, which
was from 15–19 June. Five teachers from the evaluated tourism courses participated in
the interviews. Two of them were from Hong Kong, and the other three interviewees
were from Macau.

4 Results and Discussion

4.1 Explorative Factor Analysis

Results of the questionnaire generated information about online education from the
perspective of students. Before data analysis, there is the need to ensure the reliability
of the data set by conducting reliability test (Cronbach 1951, 2016). Gliem and Gliem
(2003) argued that it is necessary to test the internal consistency against Cronbach’s
alpha when the data is in Likert scales. In this research, a reliability test was conducted
on the 21 items of instructional strategies, and Cronbach’s coefficient was 0.945, which
demonstrated that the internal consistency of the data was quite good.

EFA was conducted after the reliability test. The Kaiser-Meyer-Olkin (KMO) mea-
sure of sample adequacy was 0.898, and Bartlett’s test for Sphericity is significant. All
of the 21 items of instructional strategies have remained because the loadings of all the
items were above 0.4 (Cairney 2003). Four factors were identified after conducting EFA,
which were named (1) “Interaction” (6 items, α= 0.857), (2) “Course content” (8 items,
α = 0.925), (3) “Feedback” (4 items, α = 0.938) and (4) “Course schedule” (3 items, α
= 0.926). The four factors had Eigenvalue greater than one and accounted for over 69%
of the total variance (Table 1). “Interaction” refers to collaborations with classmates.
Items related to teamwork, case studies, group discussions are included in this factor.
“Course content” refers to course materials and activities arranged by teachers. Course
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formats, online platforms are the basis of course content. Teachers also try to moti-
vate students when arranging course contents, such as encouraging student activities,
incorporating games into the contents, and adopting multimedia in the course materials.
“Feedback” mainly focuses on comments from both teachers and students. The last fac-
tor “course schedule” includes items that are related to the course outline and schedule.
The EFA results summarized the four critical factors of instructional strategies for an
online learning environment.

4.2 Boost Regression Trees

After EFA, we employed boost regression trees to explore the relationship between
instructional strategies and online course quality. During the development of BRTmodel,
four factors generated in the EFA were included as independent variables. The satisfac-
tion of online courses was the dependent variable. Among the 152 valid responses, 137
of them were randomly chosen as training datasets while the remaining 15 was treated
as test dataset. Figure 1 depicts the comparison between observed satisfaction and the
results fromBRTpredictions. Themean squared error between test data and the predicted
value is 0.495, suggesting a good regression result. Table 2 demonstrates the importance
of the four independent variables. Feedback accounts for 64.2% of the influence on the
satisfaction level of online courses, indicating it is the most crucial instructional strat-
egy. Content has around 20% of the influence, which is the second important factor.
Course schedule and interaction have relatively lower influence over the satisfaction
level, suggesting these two factors are of low importance in online teaching.

The result demonstrates that students value the feedbackmost in online courses. They
hope to build a personal connectionwith the teachers and receive timely feedback on their
performance. Meanwhile, feedback from classmates is also crucial since students care
about peer evaluation results. Course content is second important, which includes course
materials, activities, assessment, format and online platforms. Students reported that
they hope to have all the online courses in one platform instead of multiple ones. Course
schedule arrangement does not have a high level of influence over course satisfaction.
Students are reluctant in interaction with classmates. The reasons could be reflected
from their comments. Many students mentioned that they hope to reduce group work
because online communication with groupmates is not convenient. They also pointed
out that some of the online platforms do not function well. Interaction and discussion
online always result in a waste of time and effort. They hope to use online platforms
that they are familiar with, such as social media applications. The students also showed
discontent towards teamwork because some of the groupmate did not contribute at all.
This phenomenon becomes even worse in an online environment.

4.3 In-Depth Interviews

Semi-structured interviews were conducted based on the four instructional strategies
(feedback, content, schedule and interaction). Five teachers from the surveyed tourism
courses were invited to talk about the importance of different instructional strategies in
tourism education. The results generate some common findings. Most of the teachers
demonstrated a positive attitude towards interaction and course content.
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Table 1. EFA factor loadings

1 interaction 2 content 3 feedback 4 schedule

1. Online course materials are provided in
multiple formats/platforms

.742

2. I can access the materials according to
my time schedule

.572

3. Teachers encourage active and
collaborative work

.575

4. Teachers incorporate games into the
online courses

.533

5. There are guest speakers in my online
courses

.721

6. Teachers use multimedia in the course
material

.583

7. Teachers arrange several breaks during
an online class

.673

8. Teachers arrange classes around the
course outlines

.721

9. Teachers provide a visual representation
of the course structure

.703

10. Students are formed into virtual
learning teams for the online courses

.784

11. Teachers use appropriate case studies
related to the course content

.646

12. Students have course projects which
requires collaborations with
organizations in tourism industry

.574

13. I can feel the personal connection with
the teachers of the online courses

.700

14. I can feel the personal connection with
the classmates of the online courses

.707

15. I receive comments and feedback from
my classmates of the online courses

.714

16. The online courses incorporate active
learning through a project-based
approach

.664

17. Students are encouraged to work in
teams

.721

18. Students have small group discussions
during the online courses

.797

(continued)
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Table 1. (continued)

1 interaction 2 content 3 feedback 4 schedule

19. Teachers provide extensive and timely
feedback

.578

20. Students have test/assignment/exercises
during the online courses

.525

21. Students are required to do online
diaries or reflective journals

.602

Eigenvalue 4.419 3.570 3.457 3.130

Explained variance (%) 21.042 17.002 16.461 14.903

Accumulated variance (%) 21.042 28.044 54.505 69.408

Extraction Method: Maximum Likelihood. Rotation Method: Varimax with Kaiser
Normalization.a

a. Rotation converged in 7 iterations.

Fig. 1. Comparison between observed satisfaction and predicted value

Firstly, all of the interviewees mentioned the importance of interaction in online
teaching in the tourism field since the service industry requires a workforce to have a
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Table 2. Importance of instructional strategies from the perspective of students

relatively high level of people skills. They consider interaction would help students to
participate in class activities actively and generate better learning outcome. One intervie-
wee reported that it was a surprise that online interaction is even better than classroom
discussion since students may feel more confident and less pressure through online
instant messaging than talking in front of the whole class. Moreover, some interviewees
also reported that interaction not only motivates students but also allows teachers to
understand individual differences among students. In this way, teachers could adjust the
course content and schedule accordingly.

Secondly, most of the interviewees consider the course content to be crucial in
online teaching. It should be the main focus of the course. Many interviewees pointed
out the importance of course materials. It is crucial to select proper textbooks and make
adjustment according to the needs of students in different classes. Moreover, teachers
consider that online learning requires a high level of self-control. Students are easily
distracted by contents which are irrelevant to the course. Therefore, they all tried to
make the online teaching more interesting by multiple approaches, such as inviting
guest speaker, displaying fun videos, incorporating games and so on.

As for feedback, teachers consider it to be relatively less important. As reported by
interviewees, “it is enough if students could actively interact and grasp the main contents
during class time.” The interviewees also reported that the course schedule is similar to
classroom teaching. One interviewee stated that “the course schedule and outline were
uploaded online at the beginning of this semester, just the same as previous semesters.”
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Teachers also arrange several breaks during one class, which is the same as classroom
teaching.

5 Discussion and Implications

The results indicate that there is an apparent perception gap of online tourism education
between students and teachers. From the perspective of students, timely feedback from
both teachers and classmates were emphasized. The result echoes with Semley et al.
(2016), in which they stated that providing feedback is essential in teaching and learning
process. It could help enhance students’ confidencewhen they get positive feedback from
the instructor (Badami et al. 2011; Lee 1997) and stimulates intrinsic learningmotivation
(Badami et al. 2011). However, providing effective feedback in an online environment is
a huge challenge for online education because it heavily relies on Internet technologies
(Getzlaf et al. 2009). Teachers may face difficulty in providing timely feedback in an
online environment. For instance, teachers may miss some comments or emails from
students due to specific technical problems. Therefore, teachers should put more effort in
providing effective feedback in anonline environment. Furthermore,Badami et al. (2011)
argued that positive feedback could help generate a higher level of intrinsic motivation
than negative ones. Teachers need to offer more positive feedback to encourage students
in online courses. Meanwhile, the interaction does not show significant influence over
students’ satisfaction with the online courses. This result is different from the previous
studies, which suggests that interaction has always been an crucial factor in predicting
students’ satisfaction (Ali and Ahmad 2011; Bolliger 2004; Bray et al. 2008; Dennen
et al. 2007; Yukselturk and Yildirim 2008). It was found that this difference is caused by
the online environment, where interaction is more difficult than classroom interaction.

In-depth interview results showed that teachers generally consider interaction to
be the most important factor in online tourism education since it trains the expressive
ability and communication skills. Online education is shifting from teaching-centred to
learner-centred, which means focusing on student participation is more important than
course content (Maumbe 2014; Saulnier et al. 2008). Previous research has shown that
tourism education is influenced by the dualistic nature of tourism (Paris 2011; Tribe
2008). The main goal of tourism education is to train students to work in a real business
environment (Morgan 2004). Therefore, teachers should balance the vocational nature
and educational contents in tourism courses in order to prepare students for the industry
(Inui et al. 2006). Encouraging students’ interaction in class could help students to
improve their expressive ability, teamwork skills and so on. Teachers should prepare
students for a future career by arranging course projects which require collaborations
with organizations in tourism industry. Zehrer and Mössenlechner (2008) addressed the
discrepancy between the education offered by the tourism institute and the real needs in
the industry. Scholars further argued that the soft competencies such as critical thinking,
communication, problem-solving skills arewhat the tourism industry look for in students
(Daniel et al. 2017; Sisson and Adams 2013).

Although the interaction is significant in tourism courses, students showed little
interest in the online courses. The main reason is that interaction does not function well
when it happens in an online environment. For instance, the interaction is always inter-
rupted by technique problems. Therefore, improving the Internet stability and Internet
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self-efficacy should be addressed in online courses. AlHamad et al. (2014) stated that
convenient and easy navigation would increase students’ interest in the online courses.
Teachers needs to figure out a way to facilitate interaction in a more convenient app-
roach, such as utilizing social media platforms. Many students reported that they feel
more comfortable in using platforms that they are familiar with in their daily life.

Apart from the perception gaps, both students and teachers consider course content
to be an important factor in online education. Interesting course contents and proper
assessment are essential parts of successful online courses. Incorporating games and
inviting guest speakers could add fun to the online class and improve student’s learning
motivation. However, students and teachers show a different attitude towards online
platforms. Students prefer a unified online platform for all the courses since it could be
easier for them to get familiar with the functions in one platform. Teachers seem to have
different preferences in choosing platforms for their course. Therefore, it is suggested that
universities should provide sufficient training for both students and teachers to improve
Internet self-efficacy since it affects the learning process and outcome (Gangadharbatla
2008; Kuo et al. 2014; Tsai 2012).

6 Conclusion

This study has examined the online tourism education quality by modifying an instruc-
tional strategy framework. Through EFA, four factors were generated from the seven
instructional strategies, which includes interaction, course content, feedback and course
schedule. BRT was conducted afterwards and showed that feedback heavily influences
the quality of online education. In contrast, semi-structured interviews with the teachers
of the surveyed courses showed that interaction should be the most important structure
in online tourism education. The result indicates that there is an apparent perception
gap between students and teachers. To improve the quality of tourism online education,
the educational institute should provide a stable online environment and good training
for both students and teachers. The teachers need to use frequent feedback to keep stu-
dents motivated. The interaction is an essential part of training students’ abilities for a
future career in the tourism industry; teachers need to facilitate interaction in a more
convenient approach, such as utilizing social media (Callaghan 2016;Moghavvemi et al.
2017). Future research could focus on how Internet self-efficacy affect tourism online
education.
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Abstract. As an essential part of classroom activities, note-taking can benefit stu-
dents in learning the materials. Recently, the widespread use of electronic devices,
such as laptops, tablet PCs, and smartphones in classroom instruction has gradu-
allymoved away from traditional notes such as pen and paper to digital note-taking
based on portable electronic devices. Although note-taking with digital devices
has been widely used in education, there has been a lack of systematic review on
digital note-taking studies. The present study made a comprehensive analysis of
relevant studies from four aspects, including theoretical studies, technical stud-
ies, studies on users, and empirical studies. Discussion and conclusion are also
provided in this paper.

Keywords: Digital note-taking · Classroom instruction · Theoretical studies ·
Technical studies · Empirical studies

1 Introduction

Note-taking is a common and complex activity that involving knowledge comprehension
and collection, and a written production process in classroom instruction. This well-
known practice should be understood for both theoretical and practical reasons (Piolat
et al. 2005). Note-taking is usually realized under severe time pressure, it is necessary
to shorten and reduce the information to take notes quickly (Piolat et al. 2005). With
the rapid development of digital technology, the widespread use of electronic devices,
such as laptops and tablet PCs, has replaced the role of the traditional devices (e.g., pen,
paper) to take notes in the classroom (Kim et al. 2009).

According to a definition provided by Anderson-Inman and Homey (2007), digital
note-taking is “a resource that provides markers or note-taking tools in text for later
retrieval and uses for studying or completing assignments” (p. 154). Compared with
traditional hand-written note-taking, digital note-taking is more malleable and ready to
edit, copy, search, organize, share, translate, and repurpose to support reflection, recall,
synthesis, and collaboration (Willett et al. 2015). For many students, the use of electronic
devices can improve their note-taking speed. From the standpoint of external storage, the
ability to take more notes provide students with obvious benefits. The more notes that
students recorded, the greater the impact they may have on learning (Bui et al. 2013).
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Due to its numerous advantages, digital note-taking has been rapidly popularized in
various schools. Therefore, digital note-taking has received extensive attention around
the world and has become one of the research hotspots of researchers and educators
worldwide. While a number of studies regarding the use of digital note-taking have been
conducted in recent years, several questions have arisen from this growth. What is the
overall impact of digital note-taking in the field of education?What are the focal aspects
of digital note-taking that researchers andpractitioners have been concernedwith?Where
has progress been made in digital note-taking? To shed light on these questions and have
a better understanding of digital note-taking on teaching and learning, this study intends
to provide an overview of the status of digital note-taking in the educational context in
recent years. Specifically, the purposes of this study were as follows:

1. To determine what progress has been made in the theoretical and technical aspects
regarding the use of digital note-taking in the educational context.

2. To examine the perceptions and attitudes of users toward digital note-taking.
3. To quantify the overall effectiveness of the use of digital note-taking on student

learning outcomes in educational experimental studies.

2 Method

To have a better understanding of the research status of digital note-taking in the last
two decades, a literature review on digital note-taking was conducted to identify related
studies on digital note-taking.

2.1 Data Collection

The Education Resources Information Centre, Elsevier Science Direct online, ProQuest,
Taylor & Francis Online, and Springer Link were selected as sources of data. These
databases provide a widemultidisciplinary perspective with a variety of citation indexes,
content sources, publications (MacLeod et al. 2019). The search was restricted to articles
written in English and published in peer-reviewed journals during the period 1999–2019.
The specific search keywords utilized in this study were as follows: “digital note-taking”
or “digital note” or “electronic note”. The search results were screened and processed
manually.

Studies were examined to ascertain whether theymet the following selection criteria:
(a) the content of the article is related to digital note-taking; (b) written in an English
peer-reviewed journal. Two researchers searched the databases using the same set of
criteria and independently selected articles that met the criteria. If two researchers select
different papers, they need to discuss and resolve their differences. To reach a consensus,
a third researcher was also brought to discuss and resolve any differences in the article
selection process. The initial electronic searches on the databases yielded a total number
of 507 relevant articles. After screening an abstract review of each article, a total of 54
eligible academic journal articles were obtained. In addition, this study also used Google
Scholar to supplement articles related to digital note-taking. As a result, 17 extra articles
were added. A total of 71 studies related to digital note-taking were finally obtained. The
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subjects of these studies included biology psychology, chemistry, medicine, mathemat-
ics, science, psychology, engineering, physics, and computer science, etc. The education
levels of these studies included both K-12 and higher education. The number distribution
of these studies in each year is shown in Fig. 1.

Fig. 1. The quantity distribution of related studies on digital note-taking.

As shown in Fig. 1, research on digital note-taking in the first decade (1999–2008)
is at a low level, with studies published not more than 3 per year. However, the average
number of studies related to digital note-taking has increased to 5 per year in the second
decade (2009–2019). In the last decade, studies on digital note-taking have more than
doubled compared to the previous decade. It can be seen that, with the widespread use
of digital note-taking in the classroom, the implications of digital note-taking have been
of great interest to researchers.

2.2 Studies Classification

Based on the research and practice of digital note-taking in education, this study put the
obtained studies into four categories: theoretical studies, technical studies, studies on
users, and empirical studies. Among which, theoretical studies mainly include studies
related to the instructional process, instructional model, and instructional strategy of
digital note-taking. Technical studies mainly include hardware technology and software
technology related to digital note-taking. Studies on users refer to studies aiming to exam-
ine the perceptions, feelings, and attitudes of the users toward the digital note-taking.
Empirical studies mainly include studies with an experimental or quasi-experimental
design that investigating the effects of digital note-taking on the outcomes of classroom
instruction, such as student learning achievement. If a study belongs to more than one
category, then it will be counted into these categories separately. Studies not covered by



64 H. H. Yang et al.

these four categories are classified as other studies. The research topic categories and
the number of studies in each category are shown in Fig. 2.

Fig. 2. Thesis research topic distribution map.

As shown in Fig. 2, the number of technical studies and studies on users is relatively
larger, which showed that researchers have greater interests in the technical research of
digital note-taking, as well as users’ perceptions and attitudes toward the application of
digital note-taking in the classroom instruction. It seems that improving new products for
digital note-taking and thus enhancing users’ positive perceptions and attitudes toward
digital note-taking has become a research focus. In addition, the quantity of theoretical
studies and empirical studies on digital note-taking seems relatively insufficient.

In the next section, we will illustrate thoroughly the research status of digital note-
taking from the previously mentioned four categories respectively.

3 Results

3.1 Theoretical Studies on Digital Note-Taking

From the theoretical aspect, studies have been done to introduce some theories and
research models to guide the application of digital note-taking in classroom instruction.
These theories and models include the multimedia learning theory (MLT) and the model
of encoding-review.

TheMLTwas proposed byMayer (2001). According to theMLT, learners can obtain
more knowledge if both the visual and auditory channels are provided with information.
On the other hand, if too much information is delivered, the learning effect will be
reduced. Therefore, some researchers have conducted comparative studies of digital
note-taking and traditional note-taking from the perspective of note types. For example,
Mueller and Oppenheimer (2014) found that taking notes on computers was verba-
tim, with fewer symbols, charts, and images recorded. Luo et al. (2018) reported that
compared with handwritten notes, drawing pictures, charts, and graphs on notebook
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computers were much slower and more difficult. However, on the whole, traditional
note-taking can only act on visual channels, while digital note-taking can act on visual
and auditory channels. In addition, Horney et al. (2009) examined the influence of dif-
ferent types of digital note-taking on learning, whether it is typed text (text notes) or
recorded voice (voice notes). They found that the voice notes group outperformed their
text notes peers on learning science texts. Sencibaugh (2007) found that auditory- and
language-dependent strategies (e.g., summarization and finding the main idea) had a
greater impact on reading comprehension than visually-dependent strategies (e.g., illus-
trations in the text and semantic organizers). Together, these findings indicate that voice
notes may be a more effective note-taking strategy for students with disabilities and
general students (Horney et al. 2009).

DiVesta and Gray (1972) proposed a model of encoding-review and distinguished
between two possible functions of note-taking—storage and encoding. Their views are
further supported by other researchers. They think that taking notes is to code the con-
tent presented in class, which can promote students’ understanding of knowledge and
storage of knowledge (Peper and Mayer 1978), and the use of notes after class or before
the examination can effectively help students improve their homework and test scores
(Kiewra 1989). With the popularization of digital note-taking, researchers tend to com-
pare the application of digital note-taking and traditional handwritten notes in classroom
instruction based on the model of encoding-review. For instance, Patterson and Patter-
son (2017) found that the process of traditional handwritten notes was considered to be
closely related to coding, so traditional note-taking was generally considered to have
better recall ability than notes on computers or other devices. However, Bui et al. (2013)
found that taking notes with notebook computers had more advantages than handwritten
note-taking, because digital note-taking could quickly, and easily store, search, access,
and share information (Walsh and Cho 2013).

3.2 Technical Studies

Numerous technological advancements have triggered an information explosion, and
partly changed the way of information management and instructional practices.
Advancements in technology such as tablet PCs, mobile applications (apps), and
recorded lectures are changing classroom dynamics that affect the way students write
and review class notes (Stacy and Cain 2015). Since note-taking has varied purposes
in different situations, the effectiveness of various technologies will also depend on the
situation (Mueller and Oppenheimer 2016). There are already lots of devices for dig-
ital note-taking technology, such as digital pens, digital reading desks, and smartpens.
A number of digital note-taking apps and systems have also been developed, in which
voice recognition, automatic capture, and other technologies can help students edit notes
more easily. Therefore, technical studies can be divided into two parts: hardware and
software.

Hardware. Digital note-taking is the use of cell phones, computers, and other digital
technology devices to take notes (Jackson 2015). In the process of classroom instruction,
using mobile phones to take notes is a common practice for most university students
(Mfaume et al. 2018). Reimer et al. (2009) claimed that the popularity of mobile phone
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technology has made students rely heavily on smartphones when completing some aca-
demic tasks. Kim et al. (2009) found that while the technical support for writing with
pens on the electronic surface was very advanced, students responded very differently
to note-taking devices and that their existing activities were not always well embraced.

Researchers have investigated different digital note-taking systems and correspond-
ing accessories on the effectiveness of digital note-taking. For example, Migos et al.
(2016) proposed systems, techniques, and methods for creating digital note-taking cards
and provided graphical user interfaces for interacting with digital note-taking cards.
Pearson et al. (2011) introduced a document reading interface: a digital reading desk,
which enhanced the existing digital reading interaction by adopting effective paper inter-
action elements and combining these elements with digital enhancement functions. In
addition, Miura et al. (2005) developed the AirTransNote system, which used digital
pens to record notes on regular paper, saved students the trouble of taking notes with a
PC.

The multifunctional digital pen that used for digital note-taking is another research
hotspot in technical studies. The digital pen has a variety of functions, allowing students
to record information in multiple modes and to view the information as needed. For
instance, WizCom Tech has developed reading pens with scanning, reading, and transla-
tion functions, a variety of portable scanning pens, and smartpens for assisted learning.
These digital pens are reasonable in price, easy to carry and use, and can be used as
effective learning aids for various subjects (Shaffer and Schwebach 2015). Moreover,
smart pens developed by LivescribeTM can be used to support class notes, provide mul-
timodal tools for student assessment, create readingmaterials, and support mathematical
calculation (Ok and Rao 2017).

With the help of various digital devices, the way students take notes is gradually
becoming digital. The development of ICTs enables digital note-taking to effectively
help students organize information, meet the various needs of students, and also reduce
the cognitive burden of students (Belson et al. 2013).

Software. Although digital notes are easier to read, search and edit, a portion of students
are still taking class notes with traditional pen and paper, partly due to the lack of
software to supports digital note-taking (Ward andTatsukawa 2003).Mosleh et al. (2016)
conducted an extensive survey and systematic analysis of current digital note-taking
software. They found that digital note-taking could not be used to replace traditional note-
taking, owing to the problems of complexity, technical learning difficulties, integrity, and
lowefficiency in the development and implementation of digital note-taking applications.

Nevertheless, several studies regarding the supporting systems for digital note-taking
have been conducted to enhance users’ experience on digital note-taking. For instance,
Xie et al. (2011) proposed a new computer-aided digital note-taking system named D-
Note, which could minimize the damage or dirtiness of books. In addition, Chiu et al.
(2013) adopted the digital note-taking platform Google Docs, which was a free web-
based office suite and data storage service that provides basic word processing functions,
such as file creation, editing, and saving. Students could also use the sharing function to
share or edit notes with their peers.
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Note-taking app has attracted a great deal of attention from researchers. Note-taking
apps can record text, image, voice, video, and other multimedia, and have a variety of
interface formats,which can be installed in different systems such as PCs,mobile phones,
etc. (Mfaume et al. 2018). Researchers have also addressed that most of the note-taking
apps are comprehensive knowledge management tools that integrate diary, note, thought
map, inspiration record, reading notes, to-do list, etc., so they meet the different needs
of most users, but also has more functions and complex structure (Mosleh et al. 2016).
Most digital note-taking apps are cloud-based, allowing users to take notes on a tablet
and real-time updates of content after logging in the account at any terminal (Orndorff
III 2015).

Overall, mobile technology and note-taking apps remove time and space constraints
and become an efficient way to communicate, collaborate, and share knowledge (Sheng
et al. 2010; Willett et al. 2015). Digital note-taking technologies can not only record
new information in a timely, complete, and precise manner, but can also quickly scan,
organize, and modify existing information (Walsh and Cho 2013).

3.3 Studies on Users

The development of digital note-taking is influencing people’s daily life imperceptibly.
It can help users to store, manage, and reuse knowledge in a large capacity, fast, and
shared way (Willett et al. 2015). Concerning record information by digital note-taking,
recording devices like PCs, mobile phones, and other electronic communication devices
can be used to record, classify and share information needed by users in a timely manner
(Mfaume et al. 2018). Users can choose appropriate note-taking functions according to
their hands-on digital devices, which provides great convenience for users to take notes
in the process of learning.

During the process of digital note-taking, the users may have different experiences,
and their perceptions and attitudes toward digital note-taking are thus varied. Several
studies investigate users’ acceptance, attitudes, and perceptions toward the use of digital
note-taking. For example, Palaigeorgiou et al. (2006) identified obstacles for students’
acceptance of using eVernotes, an application for facilitating verbatim note-taking and
enabling the creation ofmultiple notes’ associations. The results showed the overwhelm-
ing majority of students provided positive evaluations of the eVernotes, while several
participants were unwilling to use the eVerNotes because of their incompatible precon-
ceived expectations and earlier experiences. Amick and Cross (2014) examined college
students’ use of iPads to take notes in aChemistry course. The results showed that student
feedback about using iPads in class was very positive, and 75% of students preferring to
use an iPad to take notes rather than the traditional paper and pencil method. Similarly,
Morehead et al. (2019) reported that students highly valued the ability to use PCs to take
notes. Bates (2016) argued that digital note-taking could help professors organize and
manage notes effectively, because note-taking apps provided an organizational structure
that allowed users to create individual notebooks for notes related to certain topics. By
doing this, notes were systematically stored and easily retrieved, greatly improving the
working efficiency of users.

However, other studies indicate that paper notes are the most direct, fastest, and
convenient tool for recording and expressing scattered information. Although keyboard
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input is faster, it is not as convenient as handwriting in the convenience of using various
generative strategies (Fiorella andMayer 2017). Furthermore,Yang andLin (2015) found
that despite some studies showing handwritten notes could improve understanding and
learning outcomes,many students indicated their preference for digital note-taking (Yang
and Lin 2015).

3.4 Empirical Studies

The effects of digital note-taking on students learning outcomes have been examined by
a number of empirical studies in the past two decades. Researches have shown that com-
paredwith traditional note-taking, digital note-taking can improve the learning outcomes
of students. For example, Sun and Li (2019) conducted a three-month quasi-experiment
on 72 first-year high school students to evaluate how digital notes using mobile ter-
minals affect student performance. Digital notes referenced in the study are a method
to write, record, store, and share notes on mobile terminals. The results showed that
the scores of students who took digital notes were significantly higher than those of
students who took notes with the traditional method, and digital notes could improve
the learning outcomes in all three categories of students programming knowledge. Luo
et al. (2018) explored how the process and product functions of laptop and longhand
note-taking differentially impact student’s notes and achievement. The results indicated
that the process of taking notes was more advantageous than the product function of
notes (i.e., better image-related learning and similar text-related learning) when taking
notes on a laptop. When making longhand notes, the product function of the note was
more beneficial than the process function of the note (i.e., better text-related learning
and similar image-related learning).

In addition, digital note-taking may be used as a more effective note-taking strategy
for students in special education. Teachers can pay attention to students with disabilities
who often have difficulty writing text notes. For instance, Horney et al. (2009) investi-
gated the effects of text notes and voice notes of fifth-grade students on comprehension
of science texts. The results showed that students in special education could use voice
notes instead of text notes to achieve greater test scores. Moreover, Patti and Garland
(2015) found that reading pens helped students with reading difficulties improve reading
accuracy and comprehension.

However, although digital note-taking has great advantages over traditional note-
taking, in some respects, digital note-taking may not be more conducive to student
records than traditional note-taking. For example, in the study of Mueller and Oppen-
heimer (2014), three experiments were conducted to investigate whether taking note-
taking on a laptop versus writing longhand affects academic performance. In all three
experiments, the laptop note-taking contained more words and more verbatim lecture
strings of recorded notes than the longhand note-taking. But to a point, if the notes were
taken indiscriminately or by mindlessly transcribing content, the benefit disappeared.
Moreover, longhand note-takers might have to do more processing than laptop note-
takers, so selecting more important information to include in their notes, which enabled
them to study this content more effectively. Bretzing and Kulhavy (1979) pointed out
that verbatim note-taking was more problematic for conceptual items. Therefore, on
conceptual questions, all three studies by Mueller and Oppenheimer (2014) found that
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students who took note-taking on laptops performed worse than students who took notes
longhand.

4 Discussion and Conclusion

With the development of ICTs, there is an increasing number of users begun to use digital
note-taking instead of traditional note-taking. Accordingly, a large number of studies
have been conducted to reflect this boom of digital note-taking in classroom instruction.
This study presented a literature review on eligible studies in four categories. The main
contents of digital note-takingwere shown in the third section. The results showed that (1)
several theories and research models had been employed to guide the implementation
of digital note-taking in classroom instruction; (2) different kinds of digital devices
(hardware) and a variety of systems and apps (software) for digital note-taking had been
developed to support users’ note-taking; (3) users held a positive perception and attitude
towards digital note-taking generally, but there had been some obstacles (e.g., did not
achieve the expected results or due to economic problems, etc.); and (4) there was a
mixed result on the effectiveness of digital note-taking on student learning outcomes. A
possible explanation for this might be that immature software and hardware tools hinder
the use of digital note-taking (Fox 2005), or students have not selected the appropriate
digital note-taking devices for classroom activities.

There is no doubt that digital note-taking hasmany advantages comparedwith the tra-
ditional note-taking method. For example, digital notes can be quickly stored, searched,
accessed, and shared. Digital note-taking can also help teachers organize and manage
notesmore effectively. However, someone believed that the use of digital devices provid-
ing students with opportunities to distract their attention. Therefore, when using digital
note-taking in classroom instruction, teachers and students should pay attention to this
issue and choose the appropriate digital note-taking tool. For example, 1) selecting a
digital pen that is at a reasonable price, easy to carry and use, and suitable to sub-
jects (Shaffer and Schwebach 2015); 2) selecting digital note-taking applications that
can record text, image, voice, video, and other multimedia (Chiu et al. 2013). Only in
this way can the student’s learning outcomes be improved to a greater extent under the
conditions of improving student participation and not distracting the student’s attention.

Despite the promising results from the previous research, some studies point out
that taking notes with digital devices is much slower than that of traditional pen and
paper, and users’ practices are not always well supported (e.g., Kim et al. 2009). It
is still less clear how different pedagogical approaches in classroom teaching have an
impact on the effect and demand of students’ note-taking. To this end, future studies are
suggested to developmore advanced digital deviceswithmore useful features to facilitate
users’ digital note-taking, such as classroom recording, and to explore more effective
pedagogical approaches, to meet the needs of users’ digital note-taking in different
situations and thus improving users’ experiences with digital note-taking. Moreover,
since the proportion of empirical studies is relatively low, future studies are encouraged
to pay more attention to the effectiveness of digital note-taking on students’ learning
outcomes.
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Abstract. Automatic SpeechRecognition (ASR) technology has excellent poten-
tial for improving learners’ English pronunciation. However, the specific effects
of ASR on pronunciation improvement are still unclear. Taking learners’ language
proficiency into account, the present study aims to investigate the specific effects of
ASR-aided reading aloud practices on English pronunciation accuracy. 50 senior
high school students from a city in southern China are participants. They are
divided into two groups: low- and high-proficient groups. Two tests and specific
pronunciation error analysis are used to test students’ pronunciation improve-
ment, while a post-study survey is conducted to explore students’ perception of
using ASR. The results indicate that, for low-proficient learners, ASR-supported
reading aloud practices help them improve global pronunciation accuracy and
correct word error and deletion error; while for high-proficient learners, the train-
ing doesn’t improve their global pronunciation but helps them correct deletion
error and addition error. Both groups show positive perception of ASR-supported
training.

Keywords: ASR · English reading aloud practice · Pronunciation accuracy ·
Different language proficiency

1 Introduction

Pronunciation is the basis of language learning, which plays a key role in the develop-
ment of language competence. Intelligible pronunciation not only can improve learners’
comprehensibility in oral communication, but also can improve their speaking fluency
(Morley 1991; Howlader 1984). However, pronunciation has been frequently ignored in
foreign language (FL) research and teaching (Derwing andMunro 2005). In China, most
teachers put much emphasis on other language items and skills like vocabulary, gram-
mar, reading and writing, while pronunciation teaching only focuses on the recognition
of English phonetic symbols (Luo and Zhang 2002). This approach cannot effectively
and efficiently improve learners’ pronunciation. According to Xu and Zeng (2015), there
aremany pronunciation problems like substitution, addition, deletion, mispronunciation,
error in words or lexical chunks andword stress error.Middle and high school is the criti-
cal period to acquire pronunciation (Wang 2010), hence, it is of great necessity to explore
some novel effective approaches for high school students to practice pronunciation.
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Fortunately, with increasing development of information technology, there is a vari-
ety of speech tools and technologies that can help FL learners work on their pronuncia-
tion.ASR is one of the promising technologies. There are plenty of intelligentASR-based
applications such as Tell Me More (Elimat and AbuSeileek 2014), Rosetta Stone (Sharifi
et al. 2015), My English Tutor (Tsai 2003), which provide novel methods and resources
for learners to practice pronunciation. Quite a few studies have proved that ASR can
facilitate learners to improve their pronunciation (Liu et al. 2019; Elimat andAbuSeileek
2014). However, these researches mostly focus on the effect of ASR on the global pro-
nunciation improvement, without involving specific effects of ASR, i.e., whether ASR
can correct every pronunciation error and has the same effect on learners of different
proficiency.

Therefore, combining ASR-based app Oral English Drill & Test with reading aloud
activity, the present study aims to study the specific effects of ASR-aided reading aloud
practices on English pronunciation accuracy in computer-based test, hoping to explore
an effective way to deal with learners’ common pronunciation problems.

2 Previous Studies of ASR-Aided Pronunciation Teaching
and Learning

In recent years, computer-assisted pronunciation teaching (CAPT) and mobile-assisted
language learning (MALL) tools and applications give many possibilities of FL pronun-
ciation teaching and learning. As an independent, machine-based process of decoding
and transcribing oral speech into texts (Levis and Suvorov 2014), ASR is supposed to
be helpful in teaching and learning pronunciation if well applied (Eskenazi 1999a; Neri
et al. 2003). ASR can bring various advantages to pronunciation training. For example, it
provides a large quantity of audio records of native speakers and oral output practices; its
automatic feedback enables learners to realize their pronunciation problems and correct
them in time, which canmake up for the deficiency of traditional pronunciation teaching;
whenever and wherever possible, learners can independently use ASR-based application
to practice pronunciation, which may also reduce learners’ pressure and anxiety (Ehsani
and Knodt 1998; Eskenazi 1999b; Neri et al. 2001).

Many researchers conducted studies to further investigate the effectiveness of ASR-
aided pronunciation teaching and learning. The effect of ASR on the improvement of
pronunciation performance was a main focus. Neri et al. (2008) studied the feasibility
and effectiveness of ASR-based CAPT system Dutch-CAPT on improving the target
phonemes pronunciation. The results showed that a system with automatic feedback not
only helped learners improve segmental quality, but also speeded up their segmental
improvement. In Elimat and AbuSeileek’s study (2014), 64 third-grade students used
ASR-based application Tell Me More Performance English to learn pronunciation of
word, sentence, and real-life dialogue through individualwork, pair work, or groupwork,
and the result indicated that ASR-aided pronunciation training was more effective than
traditional approach and individual work was better than the others. Liakin et al. (2014)
pointed out that mobile ASR-based pronunciation instruction significantly improved
learners’ pronunciation production of French /y/ but cannot significantly improve its
pronunciation perception. Then, Liakin et al. (2017) found out that learners recognized
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the pedagogical use of TTS and ASR tools and enjoyed using them. Liu et al. (2018)
found out that automatic speech evaluation (ASE) app Fluent English can improve
pronunciation and intonation and the learning strategies included repetition, reinforce-
ment, visualization, resourcing, small-pacing, task-taking and self-encouragement. Liu
et al. (2019) proved that ASR-based application iFlytek Voice Input can assist Chinese
advanced EFL learners to correct some typical Chinese pronunciation errors.

The relationship between ASR and pronunciation autonomy also attracted some
scholars’ attention. Kruk (2012) asked 45 Polish senior high school learners to use ASR-
based online resources to practice pronunciation. The results revealed that themajority of
subjects showed more learning autonomy and outperformed their counterparts on tests.
McCrocklin (2016) found out that ASR-aided approach can increase learners’ beliefs
of autonomy and the feedback of ASR enabled learners to practice pronunciation more
autonomously.

Learners’ perception and attitude of using ASRwas another consideration. From the
perspective of learning styles, Hsu (2015) discovered that visual style and kinaesthetic
style were significantly influential to perceived ease of use and this significantly led to
perceived usefulness which determined learners’ attitudes to continue to use ASR-based
CAPT. Tsai (2019) focused on the difficulties encountered by learners and found out
that collaborative work had better effects like monitoring and modifying each other’s
speech production as well as enhancing learning motivation.

Studies cited above prove that ASR can help learners improve English pronunciation,
which lays some foundation for the ASR-supported approach in pronunciation training
that the present study attempts to explore. What sets it apart from previous studies is its
concentration on specific effects of ASR on learners of different proficiency which aims
to reduce Chinese EFL learners’ common pronunciation problems.

3 Research Design

3.1 Research Questions

The present study tries to answer the following three questions:

RQ1. Do ASR-supported reading aloud practices have different effects on pronunciation
improvement of different language proficiency?
RQ2. For learners of different language proficiency, what pronunciation errors can ASR-
supported reading aloud practices help correct?
RQ3. What are learners’ perceptions of ASR-supported reading aloud practices?

To answer RQ1 and RQ2, a 28-day experiment of ASR-supported reading aloud
practices was conducted. To answer RQ3, a post-study questionnaire survey was carried
out.

3.2 Participants

The training experiment took place from January to February of 2020. 97 grade-three
students in a senior high school in Lianzhou, Guangdong, China participated in the 28-
dayASR-supported reading aloud training. 50 of themwere chosen as participants (mean
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age= 17.82, SD= 0.63). The selection of participants was according to the assessment
of learners’ language proficiency based on two scores: score of pronunciation pre-test
and score of the final exam in last term which includes reading, vocabulary, grammar
and writing. 25 students who got lower scores were classified as the low-proficient
group; while 25 students who got higher scores in the two tests were regarded as the
high-proficient group. The differences of pronunciation pre-test scores and final exam
scores between the two groups are shown in Table 1 and Table 2. Both differences
of pronunciation pre-test scores and final exam scores are significant between the two
groups.

Table 1. Independent-samples t test of pre-test pronunciation scores

N M SD t p (2-tailed)

Low-proficient
group

25 12.53 1.65004 −11.568 .000

High-proficient
group

25 16.44 .36105

p* < 0.05

Table 2. Independent-samples t test of final exam scores

N M SD t p (2-tailed)

Low-proficient
group

25 56.55 15.71978 −7.820 .000

High-proficient
group

25 91.50 15.88134

p* < 0.05

3.3 Instruments

1. Materials: Texts from New Concept English 2.
2. ASR-based application:Oral English Drill & Test app. It is an oral English train-

ing application with ASR technology developed by Associate Professor Liu Xiao-bin
from South China Normal University. It can be used for pronunciation self-assessment
and correction. After students finishing oral reading, this application uses iFlytek speech
recognition to convert speech to text and evaluates the speech by comparingwith original
script. It contains the recordings and texts of textbooks New Senior English for China
and New Concept English 2. It has two functions: one is imitating and reading aloud;
another is free training (Fig. 1). Participants are required to use these two functions to
practice texts in New Concept English 2.

3. Tests: Reading aloud tasks in 2017 and 2018 CELST in Guangdong, China:
students are required to watch a video clip and read after the speaker in the video. These
reading aloud tasks have similar difficulty and their mean difficulty coefficient is 0.73.
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Fig. 1. Screenshot of the main function in Oral English Drill & Test

4. Questionnaire: It is adapted fromHsu (2015), including 13multiple-choice ques-
tions about participants’ perceptions of ASR-supported reading aloud practices which
uses Likert Five Rating Scale (1 = strongly disagree; 2 = disagree; 3 = neutral; 4 =
agree; 5 = strongly agree). The reliability of questionnaire was ensured by Cronbach
alpha for the internal consistency of items (Cronbach alpha = 0.929).

3.4 Procedure

The procedure includes pre-test, ASR training experiment, post-test and questionnaire
survey.

1.Pre-test: It requiredparticipants tofinish reading aloud task in language laboratory.
2. Experiment: Participants took part in a 28-day pronunciation training. Firstly,

participants used imitating and reading aloud function of Oral English Drill & Test to
imitate and read aloud a text sentence by sentence. They practiced their poor pronunci-
ation again and again according to the score and feedback given by the app. Secondly,
participants chose free training function to practice the same text without modelling to
test their pronunciation and recorded their speech. Thirdly, participantswrote down those
words and sentences they cannot pronounce well and reviewed them regularly. Lastly,
participants uploaded their recordings and screenshot of practicing inOral English Drill
& Test in online learning group. Everyday participants finished one lesson of New Con-
cept English 2. Meanwhile, we also taught some pronunciation knowledge and pointed
out common pronunciation errors to further help them correct poor pronunciation.

3. Post-test & Questionnaire survey: At last, participants were required to take
part in five sets of reading aloud tasks in a computer testing program EKING.COM
application and fill out the questionnaire in wjx.cn. The testing system in EKING.COM
is similar to that of language laboratory in school, which has high reliability in listening
and speaking test.
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3.5 Data Collection and Analysis

Both pre- and post-tests were computer-based tests. The computer testing program
recorded participants’ reading aloud and graded the recordings according to the scoring
criteria of reading aloud task in CELST (with a full score of 20). Specific pronunciation
accuracy was analyzed by calculating and classifying four common pronunciation error
types (Table 3).

Table 3. Definitions of common pronunciation errors (Isaacs and Trofimovich 2012;Xu andZeng
2015)

Error types Definition Example

Phonemic error Vowel or consonant is mispronounced. cub spoken as [k b]; very
spoken as [ˈwerɪ] 

Addition error Add sounds that are not in the correct 
pronunciation. 

ten spoken as tens; spread 
spoken as [sepred]

Deletion error Delete sounds in the correct pronunciation.  cancers spoken as cancer;
hunting spoken as hunt

Word error (1) A word is mispronounced as another 
word;
(2) The pronunciation of a word cannot be 
recognized.

she spoken as he

4 Results and Discussion

4.1 Results of Overall Pronunciation Accuracy

As shown in Table 4, the mean scores of the post-test in low- and high-proficient groups
were higher than those of pre-test to varying extent. The mean score increased by 1.03
in low-proficient group and increased by 0.34 in high-proficient group. The differences
from pre- to post-test in low-proficient group were statistically significant (t = −3.996,
p = 0.001 < 0.05), while difference in high-proficient group were not (t = −1.733,
p = 0.096 > 0.05). This indicated that ASR-supported reading aloud practices can
significantly improve English pronunciation accuracy of low-proficient learners, but for
high-proficient learners, the effect on the improvement of pronunciation accuracy seems
not so evident.
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Table 4. Paired-samples t test of total scores

N M SD t p

Low-proficient group Pre-test 25 12.53 1.65004 −3.996 .001

Post-test 25 13.56 1.97415

High-proficient group Pre-test 25 16.44 .36105 −1.733 .096

Post-test 25 16.78 .96960

p* < 0.05

4.2 Results of Specific Pronunciation Accuracy

To find out what pronunciation problems ASR can help solve, specific pronunciation
errors of each group at pre- and post-test were analyzed and compared.

For low-proficient group, as the data shown in Table 5, except for phonemic error,
the mean numbers of other errors were lower at post-test than those at pre-test. The
mean number of phonemic error was slightly higher at post-test than that at pre-test, but
there was no significant difference (t = −1.633 p = 0.116 > 0.05). The mean number
of word error and deletion error dropped by 4.24 and 1.32(t= 3.046, p= 0.006< 0.05;
t = 2.135, p = 0.043 < 0.05), which had significant difference. The mean number of
addition error dropped by 0.24, but it showed no significant difference (t = 1.218, p =
0.235 > 0.05). Thus, it can be concluded that ASR-supported reading aloud practices
were effective in helping learners of low proficiency solve word error and deletion error.

Table 5. Paired-samples t test of specific items in low-proficient group

N M SD t p

Phonemic error Pre-test 25 1.56 1.19304 −1.633 .116

Post-test 25 2.36 2.15793

Word error Pre-test 25 13.32 7.58683 3.046 .006

Post-test 25 9.08 7.18749

Deletion error Pre-test 25 3.68 2.19317 2.135 .043

Post-test 25 2.36 1.70489

Addition error Pre-test 25 1.52 1.53080 1.218 .235

Post-test 25 1.20 1.29099

p* < 0.05

For high-proficient group, as the data shown in Table 6, the mean numbers of all the
four errors were somewhat lower at post-test than those at pre-test. The mean number of
phonemic error and word error reduced by 0.36 and 0.52 respectively, which were both
not significant (t = 1.565, p = 0.131 > 0.05; t = 1.834, p = 0.079 > 0.05). The mean
number of deletion error and addition error decreased by 1.32 and 0.6 respectively, both
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of which showed significant difference (t = 2.799, p = 0.01 < 0.05; t = 2.167, p =
0.04 < 0.05).

Table 6. Paired-samples t test of specific items in high-proficient group

N M SD t p

Phonemic error Pre-test 25 1.40 1.19024 1.565 .131

Post-test 25 1.04 1.13578

Word error Pre-test 25 1.80 1.93649 1.834 .079

Post-test 25 1.28 1.83757

Deletion error Pre-test 25 2.56 2.67831 2.799 .010

Post-test 25 1.24 1.23423

Addition error Pre-test 25 1.12 1.30128 2.167 .040

Post-test 25 .52 .65320

p* < 0.05

These results revealed that ASR-supported reading aloud practices can help learners
of high proficiency correct deletion error and addition error.

4.3 Results of Questionnaire Survey

The results of the questionnaire survey are shown in Table 7 and Fig. 2. The mean
overall scores of low-proficient group and high-proficient group were 50 scores above
and there was no significant difference between them. Themean scores of each statement
in both groups were 3.8 scores above. These results showed that learners had a positive
perceptionofASR-supported reading aloudpractices, regardless of languageproficiency.

Table 7. Independent-samples t test of Questionnaire

Low-proficient
group (N = 25)

High-proficient group (N = 25) t p (2-tailed)

M SD M SD

Score 54.40 6.595 52.84 6.78 .825 .414

p* < 0.05
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Fig. 2. Participants’ responses in questionnaire survey

4.4 Discussion

The goal of the present study is to explore the potential of the ASR-based app Oral
English Drill & Test to help EFL learners improve their pronunciation accuracy by
correcting some common pronunciation errors.

RQ1 aims to testify whether ASR-supported reading aloud practices have differ-
ent effects on pronunciation improvement of different language proficiency. The above
results of total score indicate that ASR-supported reading aloud practices can signifi-
cantly improve low-proficient learners’ pronunciation accuracy, but they have no signif-
icant role in improving pronunciation of high-proficient learners. This finding is similar
to Hincks’ finding (2003) that practice with speech recognition program is beneficial
to learners with strong foreign accent but is of limited value for learners with better
pronunciation. This may be explained by the fact that ASR transcribes speech into text,
which enables learners to notice more obvious errors but these errors are rarely seen in
high-proficient group.

Although ASR-supported training cannot significantly improve global pronuncia-
tion accuracy of high-proficient learners, it can help them correct some pronunciation
errors. As Neri et al. (2008) find out that ASR-based feedback is effective in correcting
some pronunciation errors, the results of RQ2 reveal that ASR-supported reading aloud
practices can help low-proficient learners correct word error and deletion error and help
high-proficient learners correct deletion error and addition error.

Specifically, for phonemic error, its number in both two groups doesn’t drop signif-
icantly. This can be explained by two aspects. For one thing, although unrecognizable
word sounds in low-proficient group are improved, the pronunciation of some words
still cannot be perfectly correct, that is some word errors changes into phonemic errors.
Actually, word error is more serious than phonemic error, for it is easier to cause failure
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in intelligibility, therefore, this change can be regarded as a kind of improvement on pro-
nunciation. For another, phonemic error is subtle and many problematic phonemes are
similar in pronunciation and some tend to be fossilized, so it may be difficult for learners
to correct every subtle phoneme in 28 days without explicit instruction. This is favor
of the Pennington’s statement (1999) that it is difficult to alter fossilized pronunciation
errors without explicit instruction. This may also indicate that ASR has limited value to
correct subtle problematic phonemes. For word error, its number reduces significantly
in low-proficient group, but not in high-proficient group. This is probably because word
error in high-proficient group is not evident at the start. However, in low-proficient group,
there are quite a few unrecognizable sounds in their recordings at pre-test, which is dif-
ficult to understand their utterance. Words that are frequently mispronounced included
polysyllabic words like phenomenon and spectacular, and those words have similar
spelling such as explode and explore. Fortunately, these phenomena are improved sub-
stantially at post-test and almost all words can be recognized. For deletion error, it shows
a significant difference in both two groups. Deletion error appeared frequently at pre-test
is deleting sounds of inflectional suffix -ed and -s and swallowing a whole syllable in
polysyllabic words. At post-test, its number drops significantly in both two groups. This
result reveals that ASR can help learners notice the sounds they often neglected in the
past. For addition error, its number reduces significantly in high-proficient group, but
not in low-proficient group. Addition error prevalent at pre-test is adding sounds of [t]
and [s] at the end of a word, adding schwa [�] involuntarily, and unintentionally inserting
a vowel sound in consonant clusters. These phenomena are also improved at post-test,
especially in high-proficient group, which indicates that ASR can help learners broken
their bad pronunciation habits of adding sounds. Although it has no significant difference
in low-proficient group, we are hopeful that it can be improved if there is longer training
length.

We also concern learners’ perception of ASR-supported reading aloud practices in
RQ3. Because technology-assisted learning differs from traditional learning, it is nec-
essary to know learner’s perception and acceptance of it. The potential advantages of
CALL-based training cannot be in vain when learners are willing to use it (Hsu 2015).
From the results of questionnaire survey,most learners in the two groups accept theASR-
based app and perceive it as a useful tool to help them improve pronunciation. This indi-
cates that ASR-based app here doesn’t cause frustration and bring additional cognitive
burdens to learners, so it can be fully used to help learners practice pronunciation.

From above discussion, we can conclude that ASR is effective in helping correct
more noticeable pronunciation errors like word error, deletion error and addition error.
ASR recognizes learners’ utterance and transcribes their speech into text. Transcription
of speechmakes pronunciation errors visible, which allows learners to easily notice their
errors. The app also scores learners’ speech. Those visible feedbacks activate learners’
noticing. In other words, ASR help learners better notice the gap between their pronun-
ciation and target pronunciation, so they can spare more time to practice problematic
items and correct them step by step. Training, noticing and correcting form a positive
circle, which improves learners’ pronunciation spirally. The finding follows the idea of
‘noticing’ highlighted by Schmidt (1990). For low-proficient learners, they have poor
pronunciation awareness and more pronunciation errors. They cannot easily find out
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their pronunciation errors by themselves, but the explicit feedback given by ASR can
help them notice those errors. Then learners can correct them by imitating and prac-
ticing accordingly in the ASR-based APP. However, ASR cannot tell the difference
between more subtle pronunciation sounds, so the feedbacks given by ASR cannot acti-
vate enough noticing for high-proficient learners. Furthermore, high-proficient learners
equip with better pronunciation at the beginning, so their developmental zone may be
limited, which causes no significant improvement of their pronunciation.

5 Conclusion and Implications

The present study conducted a 28-day reading aloud experimentwithChinese senior high
students by usingASR-based appOral EnglishDrill&Test to testify the specific effect of
ASR on pronunciation accuracy. The results indicated that ASR-supported reading aloud
practices have a positive influence on improving pronunciation accuracy and learners
accept this ASR-aided training. The effect of ASR-supported training on pronunciation
improvement varies with learners’ language proficiency. It helps low-proficient learners
improve overall pronunciation accuracy and correct word error and deletion error, while
it cannot prove to be effective in improving overall pronunciation accuracy of high-
proficient learners but can help them correct deletion error and addition error. Hence,
Chinese EFL learners can use the app to practice pronunciation autonomously and inde-
pendently in daily learning to correct some common errors. As Fouz-González (2015)
proposes that pronunciation training must be tailored to the learners’ needs and technol-
ogy should be understood as a facilitator to address the most problematic aspects, when
using ASR to facilitate pronunciation training, we should take learners’ proficiency into
consideration. Low-proficient learners canmake full use of theASR tool to improve their
pronunciation by correcting their serious pronunciation errors. High-proficient learners
can improve their pronunciation habits like deleting and adding sounds involuntarily.
It should be noted that ASR still cannot correct all pronunciation errors and cannot
tell the difference between some subtle phonemes like [v] and [w], [r] and [l]. Thus,
teachers should pay attention to those subtle phonemic errors and give explicit instruc-
tion on how to pronounce them. The combination of form-focused training and explicit
instruction can foster more positive gains in pronunciation (Couper 2011; Saito 2013).
In ASR-supported training, pronunciation may achieve greater improvement if added
some explicit instruction.
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Abstract. Computer Aided Pronunciation Training (CAPT) is gaining attention
in recent years especially for Second Language (L2) and Foreign Language (FL)
learners. Nevertheless, operating such learning tools usually requires some train-
ing which may hinder the users’ interest. To address these issues, we propose a
Phonics Learning Voice Chatbot (PLVC) using Automatic Speech Recognition
(ASR) and Triplet Neural Networks (TNNs). TNNs have excellent capabilities in
discerning different entities that are similar unless examined in fine grain scales.
This distinctive feature enables them to be utilized in classifying and assessing
phonemes. The employment of chatbot in our teaching process not only relieves
users from using keyboard, mouse, and menus, the teaching storyline can also
be adjusted automatically and imperceptibly based on the user replies during
teaching. Finally, PLVC has one unique feature that it can be used to assess the
performance of the users in phonic learning. We performed an experiment with 10
users and compared the ratings given by PLVC and experienced phoneme asses-
sors and found that the correlation coefficient is 0.71, showing the assessment
done by PLVC is reliable.

Keywords: Computer Aided Pronunciation Training (CAPT) · Voice Chatbot ·
Speech recognition · Triplet neural network

1 Introduction

Mastering phonemes of a second language (L2) or a foreign language (FL) is very
important for learners [1, 10, 14], as poor pronunciation may inhibit understanding by
listeners. Although not better than human instruction, Computer Assisted Pronuncia-
tion Training is an excellent medium for attaining near-native pronunciation for most
users. CAPT can be used in two main areas: (1) pronunciation assessment, and (2)
pronunciation learning/teaching, where the users are usually students and teachers.
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Recently, due to the epidemic of Covid-19, most of the normal classroom teaching activ-
ities including English phonics learning are stopped and replaced by distance learning
such as video conferencing or video watching. However, distance learning is believed
not as effective as the normal classroom teaching. Teachers cannot easily take care of all
students’ responses with a compact screen. Besides, students may sometimes respond
simultaneously and cause a mess and they are also easily distracted by family members.
One-on-one teaching can reduce the problem but limited teaching time and high cost
hinders this learning mode. In this regard, CAPT is obviously an excellent alternative.

1.1 Background

There are papers summarizing the research anddevelop efforts inCAPT [5, 15].Recently,
Agarwal et al. [1] reviewed the tools and techniques for CAPT in English. Research [6]
showed that pronunciation training to imitate a chosen well-matched native speaker was
positive to L2 and FL learners, reducing foreign accentedness.

Enunciate [14] is an online CAPT system for Chinese learners of English. It consists
of an audio-enabled web interface, a speech recognizer for mispronunciation detection
and diagnosis, a speech synthesizer and a viseme animator. Based on it, Qian et al. [13]
proposed a two-pass framework with discriminative acoustic modeling for mispronunci-
ation detection and diagnoses (MD&D). As reported in the literature, when conducting
detection and diagnosis consecutively in the two-pass framework, discriminative train-
ing of two sets of HMMs can reduce the Phone Error Rate down to 16.5% where it is
calculated by first aligning the manual transcription with the recognition transcription
and extracting the mismatches. On the other hand, Ai-Barhamtoshy et al. [3] have pro-
posed Speak Correct system which has four main stages, trainer, decoder, evaluation
and phonetic editor. Ai and Xu [2] also introduced a CAPT framework for L2 learners
with the capability of supporting iterative improvement of automatic pronunciation error
recognition and classification.

Goodness of pronunciation (GOP) is the most widely used method for mispronunci-
ation detection in CAPT, Huang [9] proposed a transfer learning approach to GOP based
mispronunciation detection. Jonas [10] explored the English File Pronunciation (EFP)
app to help FL learners improve pronunciation.

1.2 Phonics Learning Voice Chatbot

In our study, we use Automatic Speech Recognition (ASR) and Triplet Neural Networks
(TNNs) [8] to build the CAPT and our system is named as Phonics Learning Voice
Chatbot. TNNs were first proposed by Google and have shown to be efficient for classi-
fication tasks with only a few training samples per class and later Cheuk [4] used TNNs
in speech on Speaker Detection and Identification. Our study also showed that TNNs
can have good results in phoneme classification.

2 Deep Neural Networks

Most existing classification approaches usually require “good” features derived from
the training samples and use a classifier to classify test samples. Nevertheless, those
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features may not be easily identified and sometimes it may require domain experts or
even heuristics. On the other hand, deep neural networks [12], neural networks with
many layers (usually more than 4 layers), have a desirable property that they are able to
jointly learn features and classifiers simultaneously given the samples, while only the
structures of the networks needed to be determined by humans.

Deep learning models have achieved great success on many tasks that are previously
having modest performance. For example, image classification and speech recognition
are now very applicable and ubiquitous. Phoneme classification and assessment, how-
ever, are different tasks because some phonemes are very close to each other and easily
be mixed or mis-classified, e.g., /r/ and /l/, and fine-grained features are required to
correctly discern them. It may be prohibitive to manually derive such features and we
propose the use of the triplet neural networks as they address both the similarity between
same category phonemes and the dissimilarity between phonemes coming from different
categories.

2.1 Triplet Neural Networks (TNNs)

Briefly, TNNs [8] have 3 identical neural networks (identical in structure andweights but
with different names) known as positive network, anchor network, and negative network.
The structure of the neural networks depends on applications. For our tasks of phoneme
classification and assessment, we use convolution layers and full connection layers to
build the networks (described later). During a training instance, 3 distinct samples are
selected from the training data with the requirement that the sample for the positive
network input should be more similar to the sample presented to the anchor network
than the sample presented to the negative network. With this setting, a TNN should map
the 3 input samples (after training) to a feature space such that positive sample is closer
to anchor sample than negative sample, under ametric (distance) function, e.g., L2 norm.
Figure 1 shows a typical TNN.

In Fig. 1, p, a, and n are vector outputs of the neural networks with respect to the
positive input, anchor input, and negative input. The loss of the TNN is computed with
the triplet cost function given by (1):

Loss = max(d(p, a)− d(n, a) + margin, 0.0), (1)

where d(·) is a distance function andmargin is a positive number. It is not difficult to see
that the loss function is minimum when the feature distance between the anchor input
and the positive input is 0.0 (i.e. d(p, a) = 0) while the feature distance between the
anchor input and negative input is greater than margin (i.e. d(n, a) > margin). When
compared the triplet loss function with the cross-entropy function used in conventional
classification neural networks, the former enables TNNs to learn a feature mapping that
pay more attention on fine-grained details between the inputs, especially the similarity
between the anchor and positive inputs and the dissimilarity between anchor and negative
inputs. As a result, TNNs are more suitable for classification task where the entities are
only different from each other in small details. Although TNNs has this desirable feature,
employing triplet loss function in training may cause the process slower and sometimes
not convergent.
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Fig. 1. Structure of a typical TNN

2.2 Network Structure

Figure 2 shows the structure of the neural network in the TNN used in our phoneme
classification and assessment.

The input of the network is the Mel scale transformed spectrograms obtained by
preprocessing the input audio signals. A spectrogram can be regarded as a grayscale
image with discrete frequencies as the vertical axis whereas the discrete time as the
horizontal axis. The brightness of pixel at coordinate (f, t) represent the power of the
signal at frequency f and time t. Figure 3 shows a spectrogram of the phoneme /b/
pronounced by a person.

The transformed spectrogram goes through two consecutive convolution layers
(CNN) with maximum pooling. The pooling outputs then go through two fully con-
nected layers and become 9-dimensional vectors where the loss is computed and then
weights of the neural networks are adjusted by using the AdamOptimization Algorithm.
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Fig. 2. Structure of the neural network used in the TNN

If training does not converge, the learning rate should be reduced. In our experiments,
the learning rate is set to 0.001.

After training, the TNN should be able tomap unseen phonemes pronounced by users
to the 9-dimensional space such that phonemes having same category should be close
to each other and categories of phonemes that having close pronunciations should also
be close together while categories of phonemes having distinctive differences should be
far apart from each other.
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Fig. 3. A sample of a phoneme /b/ displayed in time domain and spectrogram. Note that the
frequency axis is in linear scale (not Mel scale) for better visualization

If a set of high-quality phoneme pronunciations is available, they can serve as the
references and the neural network output vector distance between the references and a
user pronunciation can be used to rate/compute the quality of the pronunciation of users.

For classifying phonemes, an additional softmax neural network layer should be
added on top of the neural network output (referring to the right top portion of Fig. 2).
After training, it can classify phonemes at the softmax layer which has 44 outputs
corresponding to 44 phonemes. The value of each output gives the probability of that
phoneme.

2.3 Input Preprocessing

In preprocessing of the phoneme audio signals, we follow classical methods which
parameterizes the signals into a set of feature values. Most of the methods generate the
features based on analyzing the power distribution in frequency domain during a short
time interval, known as the window. The most popular method is the Mel frequency
cepstral coefficients (MFCC) [11], inwhich a signal is first divided into small overlapping
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windows and each window undergoes a power spectrum analysis subjected to a Mel-
based transform of the frequency axis. Then the obtained values of Mel-bands are taken
logarithm and follow by decorrelation with discrete cosine transform. This approach
is quite standard in automatic speech recognition using conventional GMM-HMM [7].
Nevertheless, it is found that the correlated property of the features is helpful in neural
networks with convolution layers. Thus, the discrete cosine transform is usually not
performed and the Mel scale frequency spectral coefficients are directly treated as the
features. Figure 3 illustrates a spectrogram sample (in linear frequency scale) of phoneme
/b/. It is clear that the main power concentrates on low frequencies at the beginning of
the pronunciation.

In our tasks, the sampling frequency for input audio is 22.05 kHz. We set the lower
and upper frequencies of analysis to be 0 Hz and 8 kHz. The Mel scale of this frequency
range is then divided into 64 points. Maximum audio signal length for a single phoneme
is 2 s.Audio signals less than 2 s.will be paddedwith zeros to 2 s. length. Thewindow size
for computing spectrograms is 100 ms with step size of 40 ms. Hence, the spectrogram
will have size 64 × 50 and this size match the neural network shown in Fig. 2.

3 Voice Chatbot for Phoneme Classification and Assessment

Having the TNN as the core for phoneme classification and assessment, a chatbot is
developed which highly simplify the interaction between the users and the computers.
Traditionally, users mainly use keyboard, mouse, menus, etc. to interact with CAPT
system and a short training on operating the system is often required. The use of chatbot
can minimize such hindrances by using voice as the communication medium. This not
only simplifies the task but also strengthens the interest of users. Figure 4 presents the
flow of the task using voice chatbot.

The task flow is designed such that users can interact with the system with voice
instead of using mouse and keyboard. Furthermore, challenging voice recognition can
now be reduced to “yes-no” voice recognition which makes the recognition simple and
robust. The output of the chatbot can be strings with pre-recorded voices or animations
to make the learning process more interesting. Thus, the system operation is not only
easy for adults, but also suitable for children and even for some users with disability.
Figure 5 illustrates the system’s main screen.
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Fig. 4. Flowchart for phoneme classification and assessment. Main screen of the system is
illustrated in Fig. 5

4 Experiments and Results

We collected audio samples where each sample represents one phoneme sound of one
person. There are 2 data sources. The first source is the Professional source, from which
we collected 1862 valid samples from 6 English teachers as our anchor samples for
the TNNs. The second source is from a group of 10 amateur users and they recorded
their pronunciation of the 44 phonemes. Each person makes at least 10 samples for each
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Fig. 5. Main screen of the system for phoneme classification and assessment.

phoneme. Totally, we have 4893 samples, after removing those invalid samples such as
noise, corrupted or wrong pronunciation. Table 1 shows the sample summary for this
experiment.

Table 1. Number of samples for the experiment

Sources # of persons # of valid samples

Professional (anchor) 6 1862

Amateur user (example) 10 4893

4.1 Experiment

In the preprocessing stage, we removed the silence header and ending section for each
sample. The samples of professionals will be taken as anchors and the other will be
taken as examples. For each anchor and example, we extract 64 Mel Scale Frequency
Spectral coefficients as the input features for the TNN training. We grouped some sim-
ilar phonemes into phoneme clusters where even the human is difficult to discern the
phonemes within a cluster, as shown in Table 2. Based on this clustering setting, we
categorize the 44 phonemes into 23 unique labels where 5 labels are cluster labels and
the rest 18 labels are single phoneme classes. For samples in each cluster, there will be a
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second classification, using k-nearest neighbors (KNN) classifier, to classify them into
individual phoneme classes.

Table 2. Phonemes clusters

Cluster labels Phoneme

ngnmvthzzh /n/,/m/,/ng/,/v/,/th/,/z/,/zh/

gdbcktpwqsw /g/,/d/,/b/,/c, k/,/t/,/p/,/qu/,/schwa/,/w/

sshfth2 /s/,/sh/,/f/,/TH/

rerlor /r/,/er/,/l/,/or/

uar /u/,/ar/

Thus, the input are samples of vectors with 64 entries and the output are 9-
dimensional vectors and probabilities of 23 labels. We combined 1862 anchor samples
and 4000 amateur samples to form the training set and the rest 893 amateur samples
are treated as the test set. After training, we remapped the output of each sample into
2-dimensional space by using t-SNE visualization tool to illustrate the separability of
the 23 labels of phonemes.

4.2 Results

Figure 6 illustrates the classification results. For phoneme clusters, we ran a second
phrase classification. Figure 7 shows the classification results on 3 phoneme clusters.
The overall classification accuracy is 85% when evaluated with the test dataset.

Fig. 6. 2-D overview of the distribution of the 23 phoneme labels
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(a) T-SNE visualization of phoneme 
/n/,/m/,/ng/,/v/,/th/,/z/,/zh/

(b) T-SNE visualization of phoneme 
/s/,/sh/,/f/, /TH/

(c) T-SNE visualization of phoneme /g/, /d/, /b/, /c,k/, /t/, /p/, /qu/, /schwa/, /w/

Fig. 7. T-SNS visualization of classification results of three phoneme clusters

Given a phoneme class, we can assess the quality of a pronunciation, uttered by a
user, by computing the distance between its TNN output and the mean of the anchor
outputs, say d1. We also pre-compute the distances between the training sample outputs
and the mean of the anchor outputs and obtain the median distance for that phoneme,
say dm. With |d1 – dm|, we can score the user pronunciation based on a 3-levels scoring
scheme: Good, Average and Bad.

For testing the assessment performance of our system, we invited 3 professional
English teachers to manually score the 893 test samples into Good, Average and Bad
labels. In comparing the results generated by our system and the human benchmark, we
found that coefficient of correlation between them is 0.71. This is a strong support that
our system is effective in classifying and assessing phoneme pronunciations.

5 Conclusions

With the use ofAutomatic SpeechRecognition andTripleNeuralNetworks,wepropose a
Phonics LearningVoiceChatbotwhich enables phoneme pronunciation learning through
speech instead of using keyboard, mouse or touch panel.We compared its scoring results
with professional English teachers’ scores based on a 3-levels scheme: Good, Average
and Bad. It is found that the scores given by the system are highly correlated with the
scores from the professional English teachers.



Improving English Phoneme Pronunciation with Automatic Speech Recognition 99

References

1. Agarwal, C., Chakraborty, P.: A review of tools and techniques for computer aided pronunci-
ation training (CAPT) in English. Educ. Inf. Technol. 24(6), 3731–3743 (2019). https://doi.
org/10.1007/s10639-019-09955-7

2. Ai, R., Xu, F.: A system demonstration of a framework for computer assisted pronunciation
training. In: Proceedings of ACL-IJCNLP (2015)

3. Ai-Barhamtoshy, H., Jambi, K., Ai-Jedaibi,W.,Motaweh, D., Abdou, S., Rashwan,M.: Speak
correct: phonetic editor approach. Life Sci. J. 11(8), 626–640 (2014)

4. Cheuk, K., Balamurali, B.T., Roig, G., Herremans, D.: Latent space representation for multi-
target speaker detection and identification with a sparse dataset using triplet neural networks.
In: Proceedings of the IEEE Automatic Speech Recognition and Understanding Workshop
(2019)

5. Eskenazi, M.: An overview of spoken language technology for education. Speech Commun.
51(10), 832–844 (2009)

6. Felps, D., Bortfeld, H., Gutierrez-Qsuna, R.: Foreign accent conversion in computer assisted
pronunciation training. Speech Commun. 51(10), 920–932 (2009)

7. Gales,M., Young, S.: The application of hiddenMarkovmodels in speech recognition. Found.
Trends Signal Process. 1(3), 195–304 (2007)

8. Hoffer, E., Ailon, N.: Deep metric learning using triplet network. In: Feragen, A., Pelillo, M.,
Loog, M. (eds.) SIMBAD 2015. LNCS, vol. 9370, pp. 84–92. Springer, Cham (2015). https://
doi.org/10.1007/978-3-319-24261-3_7

9. Huang,H.,Xu,H.,Hu,Y., Zhou,G.:A transfer learning approach to goodness of pronunciation
automatic mispronunciation detection. Acoust. Soc. Am. 142(5), 3165–3177 (2017)

10. Jonas, F.G.: Using apps for pronunciation training: an empirical evaluation of the English file
pronunciation app. Lang. Learn. Technol. 24(1), 62–85 (2020)

11. Muda, L., Begam, M. and Elamvazuthi, I.: Voice recognition algorithm using Mel frequency
cepstral coefficient (MFCC) and dynamic time warping (DTW) Techniques. J. Comput. 2(3).
arXiv:1003.4083 (2010)

12. Nielsen, M.A.: Neural Networks and Deep Learning. Determination Press (2018)
13. Qian, X., Meng, H., Soong, F.: A two-pass framework of mispronunciation detection and

diagnosis for computer-aided pronunciation training. IEEE/ACMTrans. Audio Speech Lang.
Process. 24(6), 1020–1028 (2016)

14. Yuen, K., Leung, W., Liu, P., Wong, K., Qian, X., Lo, W., Meng, H.: Enunciate: an internet-
accessible computer-aided pronunciation training system and related user evaluations. In:
Proceedings of the 2011 International Conference on Speech Database and Assessments
(Oriental COCOSDA), Hsinchu, Taiwan (2011)

15. Witt, S.M.: Automatic error detection in pronunciation training: where we are and where we
need to go. In: International Symposium on Automatic Detection on Errors in Pronunciation
Training (ISADEPT) (2012)

https://doi.org/10.1007/s10639-019-09955-7
https://doi.org/10.1007/978-3-319-24261-3_7
http://arxiv.org/abs/1003.4083


The Design and Implementation
of a Computerized Adaptive Testing System
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Abstract. On the contrary to classical school test, the computerized adaptive test
(CAT) based on IRT (Item Response Theory) stepwise estimates every examinee’
response to every question item and provides the examinee with the next corre-
sponding and appropriate question item. The online intelligent tutoring system
“Lexue 100” has been used by more than 100,000 junior high school students in
China in the past 7 years. It has more than 70,000 sets of mathematics quizzes
designed for different units in the various textbooks. Each of about 68,600 quizzes
among the 70,000 sets has been used by more than 100 students. We analyzed
those quizzes, calibrated the original 740,910 IRT parameters for the questions
composing the quizzes, recalculated the parameters by using linking algorithms
for 194,205 question items. Based on this large question bank with pre-calibrated
parameters for every question, we designed and implemented a computerized
adaptive test system for school mathematics.

Keywords: Computerized adaptive test · Intelligent tutoring system · School
mathematics · Item response theory · Classical test theory

1 Introduction

1.1 The Classical Test Theory (CTT)

The classical test theory (CTT) believes that an examinee’s observed or obtained score in
a test is the sum of a true score or error-free score and an error score (Novick 1966; Lord
andNovick 1968;Allen andYen 2002). It refers to the traditional theory andmethods that
is easy to apply in practical testing situations in schools and higher education institutes
(Hambleton and Jones 1993). Therefore it has served the measurement community for
a long time.

Focusing on test-level information such as the reliability exemplified by Cronbach’s
Alpha under rather mild assumptions and the validity of a test, CTT model also studies
the statistics of the components in the test, i.e., the test items, including itemdifficulty and
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L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 100–111, 2020.
https://doi.org/10.1007/978-981-33-4594-2_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_9&domain=pdf
https://doi.org/10.1007/978-981-33-4594-2_9


The Design and Implementation of a Computerized Adaptive Testing System 101

item discrimination. CTT does not use a complex theoretical model to link examinee’s
ability with the success rate of a special item. On the contrary, CTT considers a group
of examinees and empirically examines their success rate on the item by assuming that
the item is dichotomous scored.

The success rate of a certain examinee on a certain item is called the p (proportion)
value of the item, which is used as an indicator of the difficulty of the item. But in fact,
it is a reverse indicator of item difficulty, and the higher the value, the easier the item is.
The difficulty of an item is calculated as the following formula, and has a value in the
set [0, 1].

p = number of examinees whose answer are correct

number of all examinees

The ability of an item to distinguish subjects with higher ability and those with lower
ability is called item discrimination, and is usually expressed statistically by Pearson
product moment correlation coefficient between the scores on the item, for example, 1
and 0 of the right and wrong marks on an item respectively, and the total test scores. If an
item is scored by dichotomy, the discrimination is usually calculated by the correlation
coefficient of point dichotomy, i.e. the point-biserial correlation, rpb. It is equal to the
Pearson product moment correlation rXY, if there is a continuously measured variable
X, i.e. the test score, and a dichotomous variable Y, i.e. the dichotomous score in one
test item, 1 for right or 0 for false, as shown in the following formula.

rpb = M1 − M0

Sn
∗

√
N1N0

N 2

where M1, M0 is the average value on the continuous variable X for all data points in
group 1 with the test score 1 and group 2 with the test score 0, respectively, N1, N0 is
the number of data points in group 1 and 2 respectively, Sn is the standard deviation of
the total sample, and N is the total sample size.

In this sense, the classical test theory can be regarded as almost synonymous with
the true score theory. The main limitation of CTT can be summarized as the cyclic
dependence: the human statistics, i.e. observed scores, are item dependent, while item
statistics, including item difficulty and discrimination, depend on candidates. This cycli-
cal dependence brings some theoretical difficulties to the application of CTT in some
measurement situations. In other words, the ability of examinees to participate in a test
is determined by the difficulty of the test, and the difficulty of the test is determined by
the ability of the examinee taking the test.

1.2 The Item Response Theory (IRT)

The term “classical” refers not only to the birth age of these models, but also contrasts to
the relatively new psychometric theory, which is generally referred to as item response
theory (IRT), which is sometimes described as modern latent theory. Item response
theory mainly focuses on item level information, in contrast to CTT focusing on test
level information. It describes dichotomous items as subjects’ response variables to
questionnaires or test items. These responses are modeled as a function of a latent trait,
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such as the ability level. According to the theory, some item parameters related to project
characteristics can be calculated, such as difficulty, discrimination and guessing. The IRT
models are used to measure the investigated latent traits (van der linden and Hamilton
1997; de Ayala 2009).

According to IRT, the item and ability parameters remain unchanged under linear
transformation. The mean and variance estimates of different subgroups can be changed
so that they are on the same scale. Except for sampling or measurement errors, the
estimated values of subjects’ ability will be independent of the given item pool. One
advantage of IRTmodels is that the ability and itemparameters remain invariant. Because
IRTmodel provides the information at the item level, IRTmodel is much better than CTT
model in many test applications, especially in those specially designed to investigate the
performance of the candidates on single test items.

IRT has two main hypotheses. The first is that the examinees’ performance in test
items is a function of potential traits or abilities. The second is that the relationship
between examinees’ potential traits and their probability of answering items correctly
exists in the form of a monotonic increasing function, whose graph is called item charac-
teristic curve (ICC). With the growth of latent traits, the probability of answering items
correctly will either increase or remain unchanged (Hambleton et al. 1991). In IRT, an
underlying latent trait is referred to as theta (θ), which is conceptually similar to a true
score in CTT.

The graph of an item characteristic curve (ICC) has the latent trait theta (θ) on its x-
axis, typically expressed as a Z-score with the range from −3 to +3, and the probability
of a correct response (PCR) on its y-axis ranging from 0 to 1.

The IRT framework is composed of a set of models. The application of each model
in a specific situation depends on the nature of the test items and the feasibility of
different theoretical assumptions about the test item. There are three IRT models for
the dichotomously scored test items, namely, one parameter, two parameter and three
parameter IRT models.

The one parameter logicmodel (1PL) uses the difficulty of the item, i.e. “b” parameter
to explain the relationship between the ability level and the correct answer probability
of the item. It is the point on the ability rating corresponding to the position with a
probability of correct answer of 0.5 on ICC.

Two parameter logic model (2PL) not only uses the b parameter, i.e. item difficulty,
but also adds another parameter, which indicates how a project divides candidates into
different ability levels. It is called “a” parameter or item discrimination parameter, which
is equal to the slope of ICC apex.

The three-parameter logic model (3PL) is based on the two parameter model, adding
the pseudo chance level “c” parameter or guessing parameter, which represents the
probability of candidates with low ability score to correctly answer an item. It is the
value of the lower asymptote of the ICC.

No matter which IRT model is used, the calculation and determination of the
parameters are themost important procedures,which are called the parameter calibration.

Although these three item parameters are useful in themselves, they are combined
into an item information function (IIF) for the purpose of computerized adaptive testing
(CAT). It describes the measurement effect or accuracy of an item at each level of the
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trait measured by a particular test. One of the main advantages of IRT is that both the
item and the examinee are put on the same scale (usually a standard score scale with
mean = 0.0 and standard deviation = 1.0), so that people can be compared with items
and vice versa.

The IIF is calculated from item parameters. The IRT usually uses maximum likeli-
hood estimation (MLE) to estimate candidates’ θ level and parameter calibration. The
maximum likelihood estimation method weights each item by item parameters and con-
siders whether the examinee answers each item correctly. Due to the combination of
the whole answer pattern and the characteristics of each item, MLE can provide more
detailed differentiation of candidates than CTT’s number-correct scoring. For example,
if a traditional test with three items is scored correctly, up to four scores (0 to 3) can be
obtained, while MLE can obtain eight (23) different theta estimates for the same test.
MLE also provides a personalized standard error of measurement (SEM). The SEM can
vary from person to person, depending on how they answer a specific set of items.

In 3PL, the probability of a correct response to item i for examinee j, p, is a function
of the three item parameters and examinee j’s true ability θj, as shown in the following
formula.

P
(
ui = 1 |θj, ai, bi, ci

) = ci + 1 − ci

1 + e−1.7ai(θj −bi)

1.3 Parameter Equating and Linking

In most test scenarios, for safety reasons, test forms are required to be composed of
different items, so that test scores are not comparable in different tests. Traditionally,
the term equating refers to adjusting the scores of parallel forms in order to make them
as similar in content and statistical characteristics as possible (Lee and Ban 2009; Kolen
and Brennan 2014). The equating process allows the comparison of scores obtained
from different tests. Various statistical methods have been proposed for equating, such
as horizontal and vertical scaling.

If the parameters of IRT model are estimated for each group of candidates taking
different test forms, they are not comparable due to different sources of measurement
scales. But if two tests represent a subset of a common item, the parameters can be set to
the same scale. This is equating and linking according to common items. There are two
ways to do it. Concurrent or simultaneous calibration includes simultaneous estimation of
item parameters and direct measurement results on a common metric. The other method
is to calibrate and estimate the item parameters of each test form separately. The item
parameter estimation of common item can be used to estimate scale conversion. Both
methods can be extended to the case of multiple test forms, but only if these test forms
can be linked through a common item. The advantage of simultaneous calibration is that
the estimated parameters do not need to be converted because they have been expressed
on the same scale. However, this method needs to combine the data of each form into
a single data set. If there are many tables or each table is tested on a large number of
examinees, the data set becomes very large. In some cases, the large dimensions of the
dataset can make estimation very slow or even infeasible. On the contrary, by equating
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the coefficients of each calibration, the previously managed parameters do not need to
be estimated, thus a single dataset does not need to be constructed.

The transformation of parameter estimation is realized through linear transformation,
and the transformation coefficients are called equating coefficients. For each pair of tests
with common terms, the direct equating coefficients can be calculated. Generally speak-
ing, if two tests can be connected by a series of form chains presenting the common terms
in pairs, indirect equating coefficients can be calculated, and the parameter estimation of
one test can be transformed into the scale of another term by using linear transformation.
These coefficients are functions of direct equating coefficients. Moreover, some linking
designs are quite complicated. The two tests may be connected directly or by different
chains. For each path connecting the same two tests, the equivalent coefficient can be
calculated to produce different scale conversion. If so, the equivalent coefficients can be
averaged to obtain a single transformation.

For the calculation of direct equating coefficients, four implementation methods
based on item parameters are usually used: mean sigma (Marco 1977), mean (Loyd and
Hoover 1980), and response function methods, including Haebara (1980) and Stocking
Lord (1983). The bisector method was used to average the coefficients obtained by
different paths.

1.4 The Computerized Adaptive Testing (CAT) Based on IRT

Computerized adaptive testing (CAT) is the design of psychological and educational
measuring instruments for interactive delivery between one computer and an examiner.
CAT can be used for tests of examinees’ ability or achievement and for assessments of
personality and attitudinal variables. The CAT is hoped to dynamically select the set of
test questions from a pre-calibrated item bank for each examinee that can effectively and
efficiently measure that examinee on the trait.

The IRT supports CAT with its pre-calibrated item bank. A given trait needs a rela-
tively large item bank whose items together provide information on all areas of the trait
or theta. When the subjects start CAT, they get the same initial estimation of theta. Of
course this estimation can be made based on any previous information of the subjects,
such as the scores of other tests, grades, and information provided by teachers. An item
from the item bank which has not been used in the test and corresponds to the initial
theta estimation is given to the examinee and can be scored by the computer as soon
as the examinee submits the answers. As the test continues, the maximum likelihood
estimation (MLE) is used to obtain a new θ estimate based on the examinee’s answers
to all items in the test. The new estimation of θ is used to select the next item, which has
not been used in the item bank and provides the most information in the current theta
estimation.

A CAT can be terminated with different termination criteria according to different
test objectives. In many educational settings, tests are used to select or classify, for
example, to classify a person as having knowledge in certain fields, or to select those
who will be admitted or employed by a school or college. The purpose is to classify as
accurately as possible. To achieve this goal, theta estimation and related SEM are used
in the CAT. If a person’s estimated θ is higher than the cut-off value, he or she can be
classified as higher than the cut-off value on the θ scale. If this condition is met, the test
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can be terminated. The result of this test will be a set of classifications for a group of
subjects with a maximum error rate of 5%, which can be controlled by changing the size
of SEM confidence interval around theta estimation.

Sometimes the CAT can be used for counseling purposes. The purpose of this kind
of tests is to measure everyone as much as possible. It is best to measure each subject to
the desired level of accuracy according to a predetermined SEM level. If the candidate
reaches this level, the test is over. Thiswill result in all candidates having equally accurate
scores - perhaps defining a new concept of test fairness. If there are enough test items
in the item bank distributed properly on the θ scale, and the test is allowed to last long
enough, this goal ca be achieved.

In computer programming, the CAT algorithm is usually an iterative process with
the following steps.

(1) Given the currently estimated ability level θ, all the items that have not yet been
administered are evaluated to determine the best next item, which provides the
most information. With IRT, the maximum information can be quantified as the
standardized slope of Pi(θ) at θ, as shown in the following formula.

Ii(θ) = P′
i(θ)

Pi(θ)(1 − Pi(θ))

where Ii(θ) is the information function for item I, Pi(θ) is the probability of a correct
response to item i, and P′i(θ) is the first derivative of Pi(θ).

(2) The best next item is given to the examinee and the examinee writes the answers.
(3) A new ability is estimated based on the responses to all the administered items.

A modification of the Newton-Raphson iterative method for solving equations is
used, sketched inLoyd andHoover (1980, p. 181). The test beginswith an initial estimate,
calculates the probability of a correct response for each item, and then adjust the ability
estimation to obtain improved agreement of the probabilities and the observed response
vector. The process is repeated until the adjustment is extremely small, as the following
formula shows, where the right hand side of the equation is the adjustment, θS+1 denotes
the adjusted ability estimate. The denominator of the adjustment, i.e., the sum of the
item information functions evaluated at θS, is the test information function, Irr.

θ̂s+1 = θ̂s +
∑

S
(
θ̂s

)
i∑

Ii
(
θ̂s

)

The test information function Irr is inserted in the formula below to obtain the
standard error SE(θ):

SE
(
θ̂
)

= 1√
Iγ γ

(4) Steps 1 through 3 are repeated until an ending criterion is met.
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1.5 The IRT and CAT in Practice

According to Traub (1997), the beginning of CTT is associated with Spearman’s finding
about how to correct a correlation coefficient for attenuation due to measurement error
andhow toobtain the indexof reliability needed inmaking the correction. Since thenCTT
has been an influential theory of test scores in the social sciences. However, the theory has
been superseded by the more sophisticated models in IRT since 1950s and 1960s. Since
1970s and 1980s, with powerful computers the advantages of IRT has been recognized
and become the preferred method for developing scales, especially in so-called high-
stakes tests in the United States, including the Graduate Record Examination (GRE) and
Graduate Management Admission Test (GMAT) from the Educational Testing Service
(ETS). The GMAT is primarily administered as a CAT (Eignor et al. 1993).

Since 1980s, the concepts CTT, IRT and CAT have been introduced in the research
community of education, psychology and so on in mainland China. But to our best
knowledge after searching the related research databases and examination websites,
there has not been any practical CAT based on IRT with the pre-calibrated parameters
from previously administered tests in mainland China. The reason may be the profound
theoretical backgrounds and complicated mathematical procedures required by IRT and
CAT, as well as the large test item bank whose items should have been practically used
by more than hundreds of examinees.

2 IRT Calculation for “Lexue 100” System

“Lexue 100” (https://www.lexue100.com), with the Chinese meaning Happy Learning
for 100 Percent, is a web-based intelligent tutoring system for school mathematics,
developed by Beijing Lexue 100 Online Education Co. Ltd., and equipped with the
OLAI (Online Learning Activity Index) model proposed by the authors’ team (Jia and
Yu 2017; Zhang and Jia 2017). The online intelligent tutoring system “Lexue 100” has
been used by more than 100,000 junior high school students in China in the past 7 years.
More than 70000 quizzes have been designed for the different versions of mathematics
textbooks that are used in different provinces and metropolis in China. Writing quizzes
is the main learning activity in this system. Each quiz is composed of a series of gap-
filling or single-choice question items with predefined standard answers. As soon as
one student submits the trial answer to the system, the trial answer can be compared
with the standard answer, and the corresponding quiz score and appropriate feedback
are instantly provided to the student. Students are allowed to pass the quiz only if every
answer gets right. If the first try of one student is wrong, the student will have to try
again until the answer hits the point.

Because the quiz content is the same one for all levels of students, the advantaged
students feel writing the quiz boring and time-consuming, while the disadvantaged stu-
dents feel writing the same quiz challenging (Le et al. 2020). A great need for an adaptive
test instead of the stereotyped test is put forward by the students and the school teachers
who used this system. In order to meet this need, we designed a computerized adaptive
test system based on a large item bank whose items were selected from the quiz set of
Lexue 100 system, and then were pre-calibrated and linked with each other.

https://www.lexue100.com
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2.1 The Program for Calibrating, Equating and Linking Parameters in IRT

An open source Java library for psychometric analysis, which is licensed under the
Apache License Version 2.0 (https://github.com/meyerjp3/psychometrics), is adopted
for calibrating, equating and linking parameters in IRT. The library is comprised of
sevenmodules: (1) core: the basemodule required by all other module. (2) ctt: classes for
CTT including item analysis, test scaling, and reliability estimation. (3) factor: classes
for exploratory factor analysis, and for computing polychoric correlations. (4) fmm:
classes for multivariate normal mixture models. (5) irt: classes for item response theory,
including marginal maximum likelihood estimation (MMLE) for the 1PL, 2PL and
3PL model, scale linking and score equating. (6) nirt: classes for nonparametric IRT,
including Ramsay’s kernel regression approach for estimating ICCs. (7) optim: amodule
for optimization.

We mainly used the three modules from this package: core, ctt and irt, and modified
them in many parts to calibrate, equate and link the parameters in the 3PL IRT model
for “Lexue 100” system.

2.2 Procedure for Parameter Calibrating, Equating and Linking

As shown in our previous research (Le et al. 2020), the student may guess the question
answers formany times in order to get thefinal correct answer.Considering the possibility
of students’ guessing behavior, we select the 3PL model as the IRT model. If the student
obtains the correct answer in the multiple choice or blank-filling question item just with
one single trial, we define the response as 1 or correct, otherwise as 0 or false. In addition,
we just include the first submission answer to a quiz including some question items of
a student as his or her true answer, because the next submissions may be influenced by
other factors.

The procedure for parameter calibrating is the concrete implementation of the
calibration procedure introduced in Sect. 1.2, and can be described as the following.

(1) For a given test, counts the different examinees who have submitted answers to it.
If the examinee number is greater than 100, this test is defined as a valid test whose
parameters should be calculated, and go to step (2).

(2) For the valid test, calculate the item responses of all the examinees in the first trial.
(3) With the item responses of the valid test, use the MMLE to calibrate the a (discrim-

ination), b (difficulty), and c (guessing) parameters in 3PL model; then insert the
result into a table in the database.

(4) Repeat step (1) through step (3), until the parameters of all question items in all
valid tests are computed.

The procedure for parameter equating and linking is the concrete implementation of
the calibration procedure introduced in Sect. 1.3, and can be described as the following.

(5) From the IRT parameter table, select the “biggest” test whose examinees are the
most as the baseline test, and whose parameters have not been equated and linked.
This test is comprised of several quizzes. The already calibrated parameters of the

https://github.com/meyerjp3/psychometrics
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items in those quizzes do not need to be equated and linked any more, and are
inserted in another table for linked parameters.

(6) Search the quizzes in the baseline test in all other tests, get the next “biggest” test
with the next most examinees, use the common quiz in the two tests as link quiz,
and calculate the equating coefficient with four different methods including the
mean-sigma, the mean-mean, the Haebara and the Stocking-Lord methods, and use
the bisector method to average four equating coefficients.

(7) Use the mean equating coefficients to link the other quizzes in the next “biggest”
test, and insert the equated parameters into the table for linked parameters.

(8) Label the “biggest” test as equated and linked.
(9) Repeat step (5) through step (8) until all tests are checked.

2.3 Result

Each of about 68,600 quizzes among the 70,000 sets has been used by more than 100
students. We analyzed those quizzes, calibrated the original 740,910 IRT parameters
for the questions composing the quizzes, recalculated the parameters by using linking
algorithms for 194,205 question items.

3 CAT Design and Implementation

Based on the large question banks with pre-calibrated and linked parameters for every
question item in it, we designed and implemented a computerized adaptive test system for
mathematics in junior high schools as a pilot study. The pilot test is focused on the topic
“Pythagorean theorem” in Grade Two of junior high schools in mainland China, which
is important but difficult for many ordinary pupils. It is implemented with programming
language PHP and embedded in the intelligent tutoring system “Lexue 100”.

The procedure of this CAT is the concrete realization of the procedure introduced in
Sect. 1.4, and can be described as the following.

(1) Initialize the test, give the examinee the initial trait value, i.e. the minimum −3.
(2) Search in the linked parameter table for all the quizzed with the topic “Pythagorean

theorem”, calculate the information function values for all the quizzes based on the
examinee’s current trait value, get the quiz with the maximum information value as
the best appropriate one to the examinee.

(3) The best next item is administered and the examinee responds with his or her trial
answers.

(4) A new ability estimate is computed based on the responses to all of the administered
items.

(5) Steps (2) through (4) are repeated until any one of the ending criteria is met:
(6) the standard error (SE) is less 0.001, what means the examinee’s trait becomes

stably measured;
or the trait is equal or greater than 3 for continuous three times, what means the
examinee’s ability reached the biggest one;
or the trait is equal or less than −3 for continuous three times, what means the
examinee’s ability reached the smallest one.
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Duringwriting theCAT, the examinee can get the report about his or her performance.
One example of such reports is as the following:

“Hello! After 4 rounds of testing, your ability value is −3.000, and the standard
deviation is 0.648. In other words, you rank higher than 0.13% of the subjects after
ranking their abilities from large to small. If you repeat a similar test, there is a
68% chance that your ability is in the 0.01% to 0.93% position of all subjects.”

As an example, one difficult question with p value 15.6% in CTT about Pythagorean
theorem and rotational congruence is shown in Fig. 1. Drawing auxiliary lines is the key
to solve this kind of question.

Fig. 1. One difficult question about Pythagorean theorem and rotational congruence

4 Conclusion and Discussion

Rooted in the classical test thoery (CTT), the traditional but ordinary test is one important
approach to evaluate the students’mastery ofmathematics knowledge and skill. Classical
school mathematics tests provide all examinees with the same test content and may be
time-consuming or redundant for some examinees. On the contrary, the computerized
adaptive test (CAT) stepwise estimates every examinee’ response to every question item
and provides the examinee with the next corresponding and appropriate question item.
In CAT every examinee faces the individual and adaptive questions, whose amount is
usually less than that in classical tests, but can receive better and faster assessment
result. The prerequisite for a CAT is a large question bank, in which all the questions
have been used in previous tests, their answers have been scored, and the parameters
for every question such as discrimination, difficulty and guessing, which are defined as
three parameters, are pre calibrated according to the item response theory (IRT) with
maximum likelihood estimation (MLE). The item parameters from different tests can be
equated and linked through common items so that they become comparable and used in
the same test.

The online intelligent tutoring system “Lexue 100” has been used by more than
100,000 junior high school students in China in the past seven years. It has more than
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70,000 sets of mathematics quizzes designed for different units in the various textbooks.
Each of about 68,600 quizzes among the 70,000 sets has been used by more than 100
students. We analyzed those quizzes, calibrated the original 740,910 IRT parameters for
the questions composing the quizzes, recalculated the parameters by using linking algo-
rithms for 194,205 question items. Based on this large question bankswith pre-calibrated
parameters for every question in it, we designed and implemented a computerized adap-
tive test system for school mathematics. As far as we know, this is the first CAT based
on pre-calibrated, equated and linked parameters in a 3PL according to IRT from a large
question banks that has been practically used by the students across mainland China.

After pilot assessment, this CAT system will be used by a large number of school
students as one part of the intelligent tutoring system. Its effect on students’ performance
and its benefit on students’ quiz time and effort will be investigated and compared with
traditional tests.
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Abstract. Problem - Both summative and formative assessments are employed in
the medical education. Summative assessment (SA) evaluates a student’s learning
progress and provide concrete grades or pass/fail decisions. Formative assessment
(FA) provide the feedback and improve the students’ learning behavior. However,
it is less known about the impact of FA on student’s recognition construction.
This study is to exhibit the effects and correlation of FA implementation on stu-
dents’ cognitive performance in final SA at Jinan University School of Medicine.
Intervention – FA based on teaching management platform - Rain Classroom
were performed consecutively in two batches of clinical medicine students. Their
scores of final SA constructed on Bloom’s taxonomy levels were compared. A
questionnaire on the students’ learning activities and perceptions was surveyed at
the end of each term. Outcome - The students’ academic performance in 2018
was not statistically significant improved at each Bloom’s taxonomy level after
the first round of FA implementation, when compared to the students in 2017 who
had been evaluated only by final SA. Further methods were taken to strengthen the
students’ active learning, timely feedback from teachers and peers was supplied
on Rain Classroom. After the second round of FA, although exhibiting no statis-
tical difference compared to those of the students in 2018, the performance of the
students in 2019 was significantly increased compared to the students in 2017 at
the analyzing level. The survey manifested that FA and FA built-in feedback cul-
tivated the students’ active learning effectively, reinforced higher-order thinking
and problem solving skills which related to higher cognitive levels. Rain Class-
room platform facilitates FA implementation. Conclusion – It is necessary that
incorporating FA into the regular assessment system for optimal educational out-
put. The development of cognitive abilities should be emphasized when designing
the assessments methods. Our FA based on Rain Classroom provides an example
for online assessments of blended learning.
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1 Existing Problems in Medical Education Assessment

Training the future physicians is a tremendous undertaking that requires empirically
supported learning methods and assessment techniques. Assessment is a pivotal aspect
of medical education, which is intended to measure students’ knowledge, skills, and
attitudes, therefore it works as a powerful driver of learning for students [1]. Meanwhile,
it represents the quality of students and universities to the outside world. Therefore,
teachers should strive to assess students in the most beneficial way for them, and to
meet the changing demands of the new generations and of the different assessment
stakeholders. However, lack in the evaluation of higher level of thinking skills, affective
and psychomotor domains, still are the problems perplexing the educators.

There are two types of assessments generally: summative assessment (SA) and for-
mative assessment (FA). Both approaches exhibit various benefits and limitations. SA
has been well established, where teachers measure the achievement of learning goals at
the end of a course. As the future doctors, medical students must meet minimal safety
standards. Naturally, SA has long been regarded as reliable indicator of the learning out-
come and academic performance of medical students. FA, however, provides feedback
to students that can be used to improve their learning. Generally, educators think FA as
assessment for learning (AfL) while SA is assessment of learning (AoL).

The objectives of FA are to inform the students of required knowledge for the future,
to identify student’s lack of performance, to assist with improvement in a timely method,
and to provide feedback to teachers about how to assist the students. FA exhibits some
advantages in medical education. It focuses on specific content, topics or skills, and can
be conducted as frequently as possible, it serves the purpose to measure the student’s
progress over time, and pertains to long-term competencies and expertise; it can improve
students’ understanding of the subject matter, consolidate the learning and reinforce the
learning behavior, help them continuously improving, and motivate the students to learn
[2, 3]. However, FAwas not enough emphasized at medical schools in China. A course of
basicmedical science - histology& embryology (HE) is taken for an example. A national
wide survey about the current situation of HE teaching was done by our team in 2018, the
results showed that 32 of the total 66 surveyed medical schools in mainland China had
implemented FA in all programs [4]. The results revealed some challenges of FA during
the implementation, including interrater reliability, variability in the predictability of
performance scores, difficulties to track long-term development of clinical thinking, and
timely feedback, etc.

Nowadays, the progress of smart teaching tools and learning management platforms
is changing the formats of assessments. The digitalized protocol of assessments can
support and grade the instant response of students, provide a timely feedback to stu-
dents, and generate reports. The embedded assessments into the learning management
platform facilitate FA, making it more effective, sensitive and formative. Nevertheless,
the exploration in new fields of assessments is emerging except for the improvement of
techniques on assessments. How to develop reliable FA formats using these powerful
techniques to cultivate high levels of cognitive ability of the medical students, is a great
challenge to the educators. In current study, we performed an action research (AR) of
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FA of HE course based on Rain Classroom, a smart teaching tools, to explore and opti-
mize the feasible assessments which was aimed to improve the higher levels of cognitive
abilities.

2 Literature Review

2.1 Assessment in Medical Education

Essentially, assessment is a fundamental component of both learning and teaching.
Assessment is defined as a process of collecting and evaluating information to mea-
sure students’ progress [5]. Meanwhile, educators are required to provide means of
discrimination among students, also assessment is needed to provide institutional qual-
ity assurance to key stakeholders. Therefore, assessment is a powerful tool in the armory
of the educators. It is well established that assessment shapes the experience of stu-
dents and influences their behavior more than any other elements of their education, and
deserving careful consideration and practicing [6].

When exploring assessment, there are six key questions which should be addressed:
why, what, how, when, where and who [7]. Among them, there are plenty of attempts on
how to assess the students. SA has an outward focus serving wider societal aims rather
than the students. Placing the students in the center of the examination process, however,
assessment should foster and motivate student’s learning and equip them with the nec-
essary skills to develop lifelong learning [6]. Cultivation of medical students’ clinical
ability and personalized development are the goals of medical education. This is what
FA serves to promote rather than simply measures learning. FA provides teachers and
students with timely and frequent feedback on mastery of course material and learning
objectives. In essence, teachers are sampling student learning and providing feedback
based on the results to modify instruction and learning experience. Thus students can
use feedback to identify the weaknesses of their study. Both SA and FA can be used
in the same modality of assessments, and we should be careful not to miss important
opportunities to fully develop the potential of a given assessment. By incorporating FA
through provision of feedback and stimulation of reflection, students learning outcomes
could be exponentially increased, which is exhibited by SA [8].

Next, what blueprint is used to assess the students whether they acquire the neces-
sary knowledge, skills and attitudes? Constructive alignment ensures that the learning
objectives aremapped carefully against assessment to ensuremaximum possible validity
[9]. The four main elements, which need to be aligned, are content, intended learning
outcomes, pedagogies and assessment principles. There are many models we can use
for an assessment blueprint including Miller’s pyramid [10], Bloom’s taxonomy [11]
and the Dreyfus and Dreyfus [12] spectrum of skills acquisition to name but a few. The
common thread to each of these is the evolution of student knowledge from the basic
information of a novice to the richness of information of an expert [9].

2.2 Correlation of Assessment with Bloom’s Taxonomy in Medical Education

Bloom’s Taxonomy is widely used in medical educational research to stratify learn-
ing activities into different cognitive levels [13, 14]. It categorizes cognitive activities
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into six hierarchical levels that range from basic recall to higher educational objectives
such as application, analysis and evaluation [11]. Bloom’s taxonomy has been adopted
as a valuable tool for examining students’ learning and classifying examination ques-
tions based on the cognitive levels and skills the questions are attempting to assess.
Different modified versions of Bloom’s taxonomy have been published, to better serve
as useful tools for specific areas, to assess student performance and rate educational
tasks [15, 16].

Anatomy, a core basic medical subject with high clinical relevancy, keeps appealing
the teachers to venture into the research of constructing assessment under the frame of
learning taxonomy [17]. Phillips et al. conducted a research in attempt to categorize
the different levels of cognitive domains of the students on radiological anatomy using
a revised version of Bloom’s taxonomy [16]. Zaidi et al. presented a new, subject-
specific rating tool for histology MCQs rooted in Bloom’s taxonomy, which allowed the
teachers to grade histology MCQs reproducibly according to their cognitive levels and
to create more challenging examination problems [13]. They reported the incorporation
of microscopic images which were new to the learners was often an effective method of
elevating histology MCQs to higher Bloom’s taxonomy levels.

3 Rain Classroom-Based FA Continuum of HE Course

Two roundsofARcycles of planning, acting, observing, and reflectingwere implemented
in this project.

3.1 The Structure of FA and Techniques Evolved of HE Course

At international school of Jinan University (JNU), the total HE course is 108 teaching
hours for students of clinical medicine (CM) program, which is divided into 27 two-hour
theoretical lectures and 18 three-hour practical sessions. The course is modeled as the
preliminarymedical knowledge to the first-year medical school students, introducing the
microstructure of tissues/organs/systems and their embryonic development. Currently,
the teaching staffs at most medical school in China use written tests, that is, SA to
assess students’ knowledge at the end of the semester. The students are required to take
examinations in both HE theory and practice at JNU.

Ideally, we should have a rounded assessment process to address FA and SA simulta-
neously. At present research, teachers included FA as a part of the grade, which students
accumulated toward their final grade in a course. FA was performed in a variety of
strategies, the importance of each area of knowledge, skills and attitudes was taken into
accounts. General assessment methods used for our FA format were attendance, weekly
exercises, drawing/microphotography, 3 mid-semester quizzes, group activities and pre-
sentation, and discussion. The results of above components totally occupied 50% of the
final marks of the course. The rest 50% was from the final paper test of both theory and
practice, which was in the format of SA. The primary SA methods commonly used in
undergraduate medical education at JNU are multiple choice questions (MCQ), filling
the blanks, short answer questions, essay questions, true or false and case analysis. Each
assessment method has a different strength in testing a student’s knowledge, skills or
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attitudes, but a carefully balanced combination was needed to comprehensively reflect
the assessment blueprint. The comprehensive assessment was given at the end of the
course.

In the present study, FA was performed with the aid of tech-based Rain Classroom, a
WeChat mini program developed byMOOC-CN Education (Tsinghua Holdings Co Ltd,
Beijing). Rain Classroom has been linked with the teaching management system of JNU
since 2017, which is an easy-manipulated plug-in component of PowerPoint supported
by WeChat. By scanning the QR-code with WeChat (Fig. 1), the students can view
the PowerPoint file on their mobile, interact with teachers by “Danmu”, “unclear”, or
answering the questions onmobile.WeChat is a Chinese online communication platform
(Tencent, Shenzhen), which teachers and students are most familiar with. Rain Class-
room can promote the comprehensive teaching and learning interaction before, during
and after class. During the whole online and offline learning process, Rain Classroom
dynamically records all the students’ learning behavior, and gives rise to data, providing
innovative solutions for panoramically quantifying the teaching and learning activities
[18]. Through analyzing and integrating these data, teachers can analyze the teaching
effects and learning outcomes quantitatively, making dynamic adjustment of teaching
strategies according to the reports.

Fig. 1. Snapshot of Rain classroom teaching management platform using for HE course
assessments.

3.2 The Construction of SA Based on Bloom’s Cognitive Taxonomy

When developing assessment methods, three criteria are emphasized in the HE syl-
labus, working as the guideline of assessments, “remembering of basic knowledge”,
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“synthesizing and applying”, and “analyzing”. Based on the understanding of Bloom’s
objective cognitive pyramid (remember, understand, apply, analyze, evaluate and cre-
ate), assessment formats were constructed. The “remembering of basic knowledge” are
corresponding to “remember” and “understand” of Bloom’s taxonomy. “Synthesizing
and applying” can be corresponding to “apply”. “Analyzing” can be assessed at the level
of “analyze” and “evaluate”. “Create” is not common in medical science. The “remem-
ber” and “understand” categories were collapsed into one category called “knowledge
recall”, any item in this category was considered a “low” level cognitive item. Items
in any of the other categories were considered “high” cognition items [14]. The items
were constructed and then evaluated independently by multiple experienced teachers of
the course, to categorize according to Bloom’s levels of cognition, lastly was reviewed
by the department director. These assessments succeed in fulfilling certain educational
objectives. Table 1 showed the composition of written examination of HE course at
Medical School of JNU during the last 3 years. Examination results were analyzed over
a three-year period (the students in 2017 worked as control, while the students in 2018
and 2019 were treatment groups).

Table 1. The composition of final written examination of HE course at Medical School of JNU
during the last 3 years.

Terms Remembering of Basic
knowledge (%)

Synthesizing & Applying
(%)

Analyzing (%) Sum

2018–2019 (2) 44 30 26 100%

2018–2019 (1) 44 36 20 100%

2017–2018 (2) 46 30 24 100%

2017–2018 (1) 42 31 27 100%

2016–2017 (2) 50 34 16 100%

2016–2017 (1) 53 34 13 100%

4 Action Research of FA Based on Rain Classroom

4.1 First Round of Action

Student Participants. Since this was a pilot research, 61 medical students were
recruited from International School of JNU, which was the total number of medical
students of CM program enrolled in 2018 at international school. The pilot project
was approved by the Teaching Affairs Unit of JNU during the first term of 2018–2019
academic year. All the students enrolled in the study gave written consents.

Program Development. The usage of Rain Classroom was compulsory to the students
during the research, the meaningful data of learning and teaching were acquired and
recorded by Rain Classroom, the scores obtained contributed to their final assessment.
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In detail, the homework was delivered online after lecture; the 3 mid-semester quizzes
were also distributed by Rain Classroom and asked the students to finish within the
specific time. The drawing/microstructure pictures were uploaded and scored by peers
when completed.

A questionnaire was self-developed to obtain feedback on the FA experience from
participating medical students. There were 20 items in the survey, 14 of which used a
five-point Likert scale. Students were asked to rank their response based on five points: 1
(strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree). The survey
was piloted by the faculty members of the first author, mainly to ensure the clarity of the
questions, and was subsequently revised based on the feedback. The survey was released
by Sojump (Ranxing, Changsha, China). All respondents completed the survey online.
Their responses were captured anonymously in Sojump which de-identified aggregated
information. The results generated through all respondencewere collected and reviewed.

All statistical and graphical analyses were performed using the SPSS statistical pack-
age, v17.0 (IBM Corp., Armonk, NY). Independent samples t-test (2-tailed) was per-
formed to assess the examination scores. Results of the statistical analyses were pre-
sented as the mean ± standard deviation (SD) and the level of statistical significance
was accepted to be lower than 0.05 in all analyses. The data obtained from the question-
naires were analyzed using Cronbach’s alpha test to determine the internal consistency
of the responses. Kendall’s tau B test was applied to investigate the relationships among
the items of the questionnaire.

Observation and Reflection. The impact ofFAofHEcoursewas assessedbyanalyzing
the examination scores achieved by students of CM program in 2018 (n = 61) versus
students in 2017 (n= 39, control). Each student’s Bloom’s level scores were subtracted
from his/her overall final examination paper, the percentage of correct scores against the
total scores of each Bloom’s level part was calculated as the ratio of the scores. Average
performance of the whole class for final examination items assessing each Bloom’s level
of cognition was calculated. Figure 2A provided the mean performance of knowledge,
application, and analyzing HE items for students in 2018 and 2017 respectively. The
students in 2018 averaged 75.74±11.46 and the students in 2017 averaged 73.28±12.17
on knowledge items (P= 0.814). For applicationHE items, the students in 2018 averaged
75.57 ± 13.67 and the students in 2017 averaged 73.77 ± 16.30 (P = 0.915). Finally,
for analyzing HE items the students in 2018 averaged 71.46 ± 17.47 and the studetns
in 2017 averaged 65.49 ± 19.27 (P = 0.156) (Fig. 2A). The results revealed that the
percentage of correct scores of the FA format students was not statistically significantly
higher than that of the traditional SA format, at neither of the three Bloom’s levels,
though it was shown to be improved at each part of Bloom’s level.

There were totally 53 of the 61 FA participants responded and completed the ques-
tionnaire at the end of the study. The items covered twomain areas: the student’s attitude
and evaluation of FA, the role of Rain Classroom in FA. The Cronbach’s alpha for the 14
items in the questionnaire was 0.951, which implied that the survey tool had a good level
of internal consistency and reliability. Kendall’s tau B was used to test the correlation
among the items in the questionnaire. The correlation coefficient was found to range
from 0.162 to 0.977, which indicated the items in the survey had positive correlations.
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Fig. 2. The comparison of the scores of HE final written examination between students of year
2017 and 2018 (A), year 2017 and 2019 (B), year 2018 and 2019 (C), respectively.

Overall, the questionnaire indicated that majority of participants (67.8%) were pos-
itive about the FA (3.77 ± 0.97, Q1), especially the feedback supplied by FA, 81.1%
of students believed that FA had helped them to know the gap between what they had
known and they should have known (4.19± 0.74,Q5). Specifically, 71.7%of the students
thought that FA enhanced understanding of the knowledge points (3.87± 0.92, Q6), and
presentation and reports session promoted further understanding and application of the
knowledge points (4.08 ± 0.90, Q7). Generally, the students thought Rain Classroom
supported the FA well (3.75 ± 0.92, Q9), including FA supported by Rain Classroom
provided feedback from teachers more efficiently (3.94 ± 0.91, Q12), enhanced inter-
action between teachers and students (3.83 ± 0.91, Q14), and Rain Classroom facili-
tated self-assessment during learning (3.74 ± 1.02, Q11). However, only around 50%
of the participants thought that FA acted as learning guidance to the final examination
(3.51± 0.95, Q2) and FA exhibited better impacts on future clinical thinking than SA did
(3.53 ± 1.08, Q8). The survey revealed that the participants generally acknowledged of
and benefited from the FA format, but some students didn’t “buy into” FAwas positively
related to final examination scores and contributed to their future doctor judgements of
clinical settings (Table 2). The correlation analyses showed that “FA supported by Rain
Classroom enhances interaction between teachers and students” was tightly associated
with both “FA enhances understanding of the knowledge points” (r = 0.935, P= 0.00, n
= 53), and “check-in system supported byRainClassroomcontributes to high attendance
of the students” (r = 0.977, P = 0.00, n = 53).

4.2 Second Round of Action

Student Participants. For the second round of the study, 58 CMprogram students from
International School of JNUwere recruited in the first term of 2019–2020 academic year.
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Table 2. The quantitative statistical descriptive of the questionnaires responded by students in
2018 and 2019 (Mean ± SD).

Items Students in 2018 (n = 53) Students in 2019 (n = 55)

1. I prefer FA to SA 3.77 ± 0.97 3.85 ± 0.91

2. FA acts as learning guidance to the
final examination

3.51 ± 0.95 3.76 ± 1.02

3. Final written examination is of high
reliability of the leaning outcome

3.79 ± 1.01 3.75 ± 0.91

4. Multisourced FA can reflect the
learning outcomes much
comprehensively

3.85 ± 0.72 3.82 ± 0.92

5. FA helps to know the gap that I
have known and I should know

4.19 ± 0.74 3.91 ± 0.91

6. FA enhances understanding of the
knowledge points

3.87 ± 0.92 3.78 ± 1.03

7. Presentation and reports session
promotes further understanding and
application of the knowledge points

4.08 ± 0.90 3.62 ± 1.05

8. FA has a better impact on future
clinical thinking than SA

3.53 ± 1.08 3.87 ± 0.92

9. FA supported by Rain Classroom is
valuable overall

3.75 ± 0.92 3.65 ± 0.99

10. Check-in system supported by
Rain Classroom contributes to
high attendance of the students

3.81 ± 0.94 3.40 ± 0.93

11. Rain Classroom facilitates
self-assessment during learning

3.74 ± 1.02 3.76 ± 1.02

12. FA supported by Rain Classroom
provides feedback from teachers
more efficiently

3.94 ± 0.91 4.03 ± 0.82

13. The study efficiency has been
improved by using Rain
Classroom

3.60 ± 1.06 3.80 ± 0.76

14. FA supported by Rain Classroom
enhances interaction between
teachers and students

3.83 ± 0.91 3.69 ± 0.96

The overall syllabus, the course contents, the student evaluation and grading policy, and
the faculty teaching staff of the course remained unchanged compared to the first round.

Study Design. Targeted at problems appeared in the first round, design of FA was
adjusted in second round of action research process.
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Except for the FA strategies used in the first round, we assigned three essay questions
to the students at different time windows of learning. The first question was “using an
example to tell the structures and functions of one tissue type”, which was distributed to
the students at the endof general histology (the contents ondifferent tissue types in human
body). The second question was “using an example to tell the structures and functions
of an organ, and further interpret how the tissue types you talked in last homework
works in the microanatomic architecture of the organ”, this homework was assigned
at the end of special histology (the contents on different organs and systems in human
body). The third question was “to tell the embryonic origin and development of the
organ and tissue you discussed in last two pieces of homework”, which was asked when
completing embryology (the science of human development). These three questions
are the main plots of HE course, one built upon other, which needs synthesizing the
knowledge periodically and applying into detailed examples. The questions encourage
and promote deep learning of the course. The students were required to complete the
essay homework at the discussion area of Rain Classroom, then read and commented at
least three other homeworks.

Observation and Reflection. Figures 2B–Cprovided themeanperformance for knowl-
edge, application, and analyzing HE items for students in 2019 via those in 2017, and
students in 2019 via those in 2018. The students in 2019 averaged 76.43 ± 11.19 on
knowledge items, which showed no statistical significancewhen comparedwith students
in 2017 (P = 0.632) and 2018 (P = 0.989). For application HE items, students in 2019
averaged 76.10 ± 11.80, exhibiting no significant difference when compared with both
students in 2017 (P = 0.811) and 2018 (P = 0.995). However, the students in 2019
averaged 73.71 ± 14.57 on analyzing HE items, showing significance compared with
those in 2017 (P = 0.02), while no difference compared to the students in 2018 (P =
0.746, Fig. 2B–C).

The same questionnaire was used for the feedback of Rain Classroom based assess-
ments, and totally 55 participants completed the survey (Table 2). The Cronbach’s alpha
for the 14 items in the questionnaire was 0.856. The correlation coefficient was found to
range from 0.292 to 0.981 among the first 8 items, and range from 0.334 to 0.940 among
items 9–14, which indicated the items in the survey have a positive correlation. The cor-
relation analyses showed that “the students prefer FA to SA” was tightly associated with
both “FA has a better impact on future clinical thinking than SA” (r = 0.981, P= 0.00, n
= 55), and “multisourced FA can reflect the learning outcomes much comprehensively”
(r = 0.959, P = 0.00, n = 55).

5 Discussion

Assessment is widely used in any subject, to ensure that students reach a specified
standard, to be called competent in that subject. Moreover, assessment drives learning.
Therefore, the desired career-directed learning can be performed, if the correct type of
learning opportunities and assessment are adopted. This study showed that for a first-
yearmedical schoolHE curriculum, the FA formats improved students’ ability to analyze
material in the final examination.
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The analysis of the questionnaire in this study helped explain why FA promoted
the examination performance. From the survey, it can be recognized that FA helped the
students to know the gap that they had known and they should have known. Providing
students with opportunities of self-correct and self-study is a key element of FA, this
process was facilitated by Rain Classroom in this study. When students see the gap
between what they thought they knew and what they actually knew, the motivation of
learning actually increases. That is effective feedback built-in FA processing, which is
quite valuable during learning. Feedback lets students know how they are doing and
provide opportunities to adjust and perfect their efforts. Several publication mentioned
FA participation was a better predictor of final outcome, even than success in FA, which
supporting feedback as the key role of FA, also implying both positive and negative
feedback are crucial in learning and development [8]. From the perspectives of educators,
feedback from students is collected real time when carrying out FA, used to modify
course, and improve teachers’ instructive strategy. Therefore, feedback directed learning
and teaching strategies provides opportunities of active learning.

Research demonstrates that students engaged in active learning exercises have
improved higher-order thinking and problem solving skills [19], which is also veri-
fied in this study. Bloom’s Taxonomy is widely used in medical educational research,
to stratify learning activities into different cognitive levels, and has been adopted as a
valuable tool for examining students’ learning and to classify examination questions
based on the cognitive levels and skills the questions are attempting to assess. In cur-
rent study, analyzing ability - a higher learning objective was enhanced greatly during
FA format teaching strategy. Analysis is where the skills that are commonly thought as
critical thinking enters, including the component skills of analyzing arguments, making
inferences using inductive or deductive reasoning, judging or evaluating, and making
decisions or solving problems [20]. Critical thinking involves both cognitive skills and
dispositions. The clinical thinking of medical students is specialized critical thinking,
which is required to reach a correct diagnosis and give rise to treatment strategies within
a short time and at the lowest cost. This kind of thinking needs specific training during
their learning, especially the training of high level cognition.

Most students perceived that Rain Classroom was an effective and attractive tool to
support the feedback of FA. Rain Classroom facilitates students’ comparisons of their
own and peers’ progress, enables a social connectivity, and creates learning environment
of feedback.Thiswas further reflected by the high correlations between “FAsupported by
Rain Classroom enhances interaction between teachers and students” and “FA enhances
understanding of the knowledge points”. As teaching management platform, the Rain
classroom is also functionalized in supervision and inspection, the students bought into
the “check-in system supported by Rain Classroom”, and guaranteed high attendance.
Studies have highlighted that technology sponsors new ways of providing feedback
[21]. Providing automatic feedback and repetitive opportunities using online quizzes
helps students learn through diagnosing their own mistakes [22]. It is well accepted that
medicine is regarded as an experienced science. The nature of the online course provides
more opportunities to acquire feedback from repetitive exercise.

One limitation of this study was the learning habits of the students were not surveyed
and evaluated, which should be given more consideration and analysis, to optimize
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Fig. 3. The relationship of Rain classroom supported learning activities and formative assess-
ments compositions, and their contribution to the different levels of cognitive abilities.

the effect of feedback built-in FA. Secondly, besides concentrating on the low level
cognitive thinking, an ideal assessment of basic medical sciences should also be able
to promote cognitive application of basic medical knowledge, cognitive synthesis of
separated medical concept, and general development of professionalism, which might
be constrained if built by a single cognitive framework.We recommend the future project
aims at integrating different cognitive taxonomy framework for students’ assessments.

6 Conclusion

Effectiveness of using FA in the teaching and learning process of medical sciences has
been stressed greatly. The purpose of the current study was to determine the contribution
of different formative assessmentmethods based onRainClassroom, to the improvement
of cognitive abilities at different Blooms’ taxonomy levels. The results showed that
using technology based on teaching management tools facilitates FA and FA built-in
feedback. When the teachers create an effective learning environment that cultivates
higher cognitive levels, FA improves students’ achievements (Fig. 3). Our FA strategies
based on Rain Classroom practicing can provide an example for online assessments,
especially for the abrupt transition from face to face teaching to online teaching under
the outbreak of COVID-19 pandemics.

Funding. This research was supported by the Pedagogical Reform of High Education at
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Abstract. Automatic programming exercise assessment aims at determining the
correctness of the attempts of programming exercises submitted by students.
Automation allows students to receive instant and customized feedback which
are important to enhance the learning of novice students. Educators can benefit
from saving time and effort in marking students’ attempts, making teaching large,
online classes or Massive Open Online Courses (MOOC) possible and effec-
tive. Recently, we modelled program outputs using Hierarchical Program Output
Structure (HiPOS), which allows instructors to design matching rules to deter-
mine correct or partially correct programs depending on the teaching and learning
needs. This paper extends our previous work by automating the matching rule
construction process through developing a machine learning method for gener-
alizing program outputs from students’ attempts. To achieve this, our approach
firstly employs natural language processing techniques to create a HiPOS from a
set of students’ program outputs. A greedy algorithm is then applied to generalize
the HiPOS and create the associated matching rules. We conducted a case study to
illustrate how to apply our proposed method in automated programming exercise
assessment and demonstrated the usefulness and effectiveness of our approach.

Keywords: APAS · Automated programming exercise assessment · Hierarchical
program output structure · HiPOS

1 Introduction

Computer programming is an essential competency in many different disciplines such
as computer science, data science and engineering because of its practical applicabil-
ity and the training of computational thinking. However, learning programming is no
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easy task because it requires the acquisition of different forms of knowledge includ-
ing problem formulation, language syntax, logical thinking, solution implementation,
debugging and testing, etc. Many novice learners find computer programming compli-
cated and abstract, and become lack of motivation (Law et al. 2010). Different learning
and teaching methods have been proposed and investigated to enhance programming
learning. For example, many educators have designed different gamification strategies
to help learners learn programming via playing video games (Lindberg et al. 2019). Prac-
tice makes perfect. While these methods were proved successful in motivating novice
learners and assisting them in acquiring some basic concepts, a key success factor is
to practice as many different types of programming exercises as possible. Traditionally,
instructors design assignments and learners attempt the assignments in order to learn
the topics of interest. Instructors are responsible to judge the correctness of the program
after checking students’ submission. Obviously, learners need to wait for the marking
and feedback by their instructors after completing the assignments. Research has already
shown the importance of timely feedback to learners (Dawson et al. 2019; Lizzio and
Wilson 2008). Delayed response by instructors can adversely affect the learning experi-
ence and learning outcomes. On the other hand, due to the limited resources, instructors
are not able to create a wide variety of assignments and mark all the attempts submitted
by a large class of students, not to mention the provision of detailed feedback, even
though some learners may wish to practise more exercises (Henderson et al. 2019).

The limitation of traditional approach to learning and teaching of programming
leads to the need of intelligent tutoring systems (ITS), which allow learners to practice
programming exercises at any time. In an ITS, instructors can create a number of pro-
gramming exercises for the learners to attempt. At the same time, the test cases together
with the expected outputs will also be imported into the ITS. After a learner submits
an attempt, the ITS will verify the admissibility of the submitted program automati-
cally by comparing the actual output of the submitted program and the expected output.
A program or program output is said to be admissible if it is considered correct by
the instructor even if it deviates from an expected correct program or program output,
respectively (Poon et al. 2016). Learners will be notified the results soon after the sub-
mission so that they can know their progress and level of understanding on the topic, and
then decide the next step of the learning path. The instant response and the availability
of large amount of exercises allow learners to do a lot of practice according to their pace
and effort. At the same time, ITS can save the time and effort of instructors in marking
the attempts. This also makes organizing a very large class like Massive Open Online
Courses (MOOCS) manageable and possible.

A recent survey study reveals that there exist different types of ITS for programming
education, targeting different programming languages and offering different features
(Crow et al. 2018). A core subsystem of these ITSs is the Automated Programming
Assessment System (APAS), which is to run the learner’s program codes to produce the
output, and then compare the actual output with the expected output to judge the admis-
sibility of the program. However, most existing APASs can only conduct simple or rigid
comparison between program outputs like what those judging systems1 of programming

1 Example of judging systems of programming contests include PC2 (https://pc2.ecs.csus.edu/)
and Kattis (https://open.kattis.com/).

https://pc2.ecs.csus.edu/
https://open.kattis.com/
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contests do. They only accept one single exact output or end-space-trimmed output for
each test case as an admissible answer. An output variant which includes, for example,
an extra space in the middle of the output, can be treated as incorrect, though it may
be judged as correct or admissible by instructors in the merit of learning and teaching.
While it is objective, fair and appropriate to impose strict output format requirement
in programming contests, in which the contestants are likely to be competent program-
mers, such a requirement incorporated in an APAS cannot provide any flexibility for
novice learners and meet the pedagogical needs of instructors. A novice learner tends
to write programs which may produce outputs that do not exactly match the instructors’
expected program outputs. When such programs are repeatedly deemed “incorrect” and
rejected by an APAS even though they are actually admissible, the learner will very
likely become highly discouraged and demotivated, ultimately seriously affecting the
learning outcomes.

Recently, we developed a model called Hierarchical Program Output Structure
(HiPOS) to address the problem of multiple admissible output variants to support pro-
gramming education (Poon et al. 2016). HiPOS is a tree-like structure, which can be
associated with different levels of matching rules. HiPOS together with the matching
rules can correctly identify a wide variety of admissible output variants based on the
pedagogical needs of instructors. When creating an exercise as well as its test cases in
APAS, instructors create these matching rules to specify the possible admissible output
variants. HiPOS is shown to be flexible to handle more complex programming outputs
including natural language text, semi-structured text, or tabular formatted outputs.While
the manual effort of creating such matching rules is not huge, we further reduce such
effort through extending our previous work. By using a machine learning approach, we
developed a method to automatically learn the matching rules from the training exam-
ples, which can be a collection of previous students’ attempts in the exercise. Essentially,
we develop a greedy algorithm to generalize the matching rules from a set of admissible
program output variants. Through this automatic generation of matching rules, instruc-
tors can save the effort and time in creating the rules manually. On the other hand, these
matching rules are able to cover more admissible output variants (that is, reducing false
negative cases) since they are learned from previous learners’ attempt instead of being
created by instructors.

The organization of the rest of the paper is as follows.Wefirstly present the recent and
related work to APAS in Sect. 2. In Sect. 3, we provide some background about HiPOS
anddescribe our learning algorithm todiscover thosematching rules forHiPOS froma set
of training examples. It is followed by a case study on applying our learning algorithm to
automatically create HiPOS and the associated matching rules from training examples.
The learned HiPOS is then utilized to determine the admissibility of the previously
unseen attempts by students. Finally, Sect. 5 concludes the paper.

2 Related Work

Wasik et al. (2018) conducted a comprehensive survey of online judging systems and
discussed their applications. Since the primary purpose of these systems are for com-
petition among competent programmers or contestants, they usually adopt very strict
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program output comparison methods and, therefore, are not desirable for use in learning
and teaching for novice learners. Our work described in this paper is more concerned
with APASs which help instructors to assess the programs submitted by novice learn-
ers. Some existing program output comparison methods rely on instructors’ effort in
constructing regular expression so as to assess program output variants with certain flex-
ibility (Queirós and Leal 2012). A program output variant, or simply an output variant,
is a program output which deviates from the instructor’s expected output and may be
admissible or inadmissible. Pieterse (2013) proposed a systemwhich compares program
output variants against the expected program output using either exact matching or reg-
ular expressions. Mekterović et al. (2020) conducted a survey on APAS and developed a
system, Edgar, which supports regular expressions. The regular expressions need to be
specified by the instructor and, therefore, it is time consuming, error-prone and requires
a high level of expertise. Coderunner is a recent system which can assess submitted
programs in multiple languages (Lobb and Harlow 2016). In addition to exact matching,
instructors may develop a validator, which is essentially another program in Python,
to assess the admissibility of the output variants. However, writing and debugging a
program as validator is also time consuming and error-prone.

Different from the aforementioned approaches, Token Pattern Approach (TPA)
employs token patterns to assess the program output variants (Tang et al. 2009). For
each token in the expected output, instructors can specify customized rules for matching
with the corresponding actual output token, and the collection of all such tokens with
the associated matching rules forms a token pattern. Experiments have been performed
by incorporating TPA into an existing APAS for evaluation and demonstrated promising
results. However, the performance and the applicability of TPA is limited by the need
of a separate effort for the instructor to create token patterns, including the matching
rules. To address this limitation, we proposed Hierarchical Program Output Structure
(HiPOS), which is more robust and flexible to handle various types of program output
variants (Poon et al. 2016). A description of HiPOS will be provided in the next section.

3 Methodology

We have developed the Hierarchical Program Output Structure (HiPOS) to model the
program output for automated programming assessment and reported in (Poon et al.
2016; Poon et al. 2018).We provide a brief description ofHiPOS in this section, followed
by an explanation of our approach in learning matching rules for HiPOS. HiPOS is a
tree-like structure consisting of nodes and edges. Every node has one and only one
parent node connected by an edge, except for a special node known as root which does
not have any parent node. A leaf node of a HiPOS refers to a token of the program
output, while an internal node represents a block of tokens. A node of HiPOS may be
associated with a set of matching rules, which are used for determining if a program
output variant is admissible. There are four levels of matching rules: problem-level,
block-level, token-level, and test-case-level for discovering different types of possible
errors in the submitted program. Problem-level matching rules are designed for judging
the basic criteria of correctly completing the exercise. They are not specific to any test
case, but are applicable to the entire HiPOS and all output variants of the exercise.
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Block-level matching rules are applicable to a block, that is, a subtree rooted at an
internal node of a HiPOS of an output variant. Token-level matching rules are applicable
to a single token. They are associated with a leaf in HiPOS. Test-case-level matching
rules are designed for a particular test case, usually for extreme cases only. Consider the
programming exercise, Ex.1, as follows.

Given the test case with the input “6/4” (April 6th), the expected output set by the
instructor is “6/4/2005 is Wednesday”. However, some other program output variants
like “6/4 is Wednesday” and “6/4/2005 is a Wednesday.” may also be considered as
admissible. Figure 1 shows the HiPOS which is automatically created using a natu-
ral language parser and the possible matching rules created by the instructor. It can
be employed to assess the admissibility of the program output variants by students’
submitted programs.

Wednesday
Date

Root
NP

WeekdayIgnore

S

VBZ NNP
is

6/4/2005

CD SBAR

NPUnordered

Problem-level Rule: Contain weekday

NP_TMP
VPUnordered

Fig. 1. An example of HiPOS with matching rules for the output “6/4/2005 is Wednesday”.

Our previous work shows that HiPOS is effective in identifying different types of
admissible program output variants automatically. One characteristic of HiPOS is that
the matching rules are created by instructors to accommodate their pedagogical needs.
However, manual work is required to construct these matching rules. Manual construc-
tion may also lead to unintended errors in the matching rules, in turn affecting the
accuracy of HiPOS in determining the admissibility of output variants and the learning
experience of students. To address this problem, we have developed a greedy approach
to learning the set of matching rules from a set of training examples.
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Input: A set of admissible program output POS
A set of inadmissible program output, NEG

Output: HiPOS of the expected program output, H. 

The set of matching rules associated with HiPOS, M.

1. Randomly select a seed from POS and create a HiPOS, denoted as H0. 
2. n 0, M0 {}
3. Until no accuracy improvement: 

3.1 n n + 1
3.2 For each leaf node, nodei, in H0: 

3.2.1 Create candidate token-level matching rule by generalizing the token of nodei, 
according to the token generation hierarchy, Rcand

3.2.2 Create by adding Rcand to 
3.2.3 Test H0 and on

3.3 Set to such that has the best accuracy on 
4. Until no accuracy improvement: 

4.1 n n + 1
4.2 For each internal node, nodej in H0: 

4.2.1 Create candidate block-level matching rule by adding unordered or semantic 
similarity match rule, Rcand

4.2.2 Create by adding Rcand to 
4.2.3 Test H0 and on

4.3 Set to such that has the best accuracy on 
5. Return H0,

Fig. 2. Matching rules learning algorithm

Figure 2 shows our proposed learning algorithm for generating the set of matching
rules. In our algorithm,wefirstly select a randomadmissible programoutput variant from
the set of admissible program output variants denoted by POS to generate the candidate
HiPOS, H0. We adopted natural language toolkit2 to generate the HiPOS. Since H0

is not associated with any matching rule, it is the most restricted HiPOS. After that,
the algorithm aims at generating the token-level matching rules by generalizing each
token according to the token generation hierarchy depicted in Fig. 3. In this hierarchy,
higher level nodes are more general than the lower nodes. The generalization will be
carried out in a bottom-up manner according to the token generalization hierarchy.
For example, given the token “6/4”, it can be generalized to matching rules in the
order of “TimeDayMonthYear”, “DayMonthYear”, “DayMonth” and “Ignore” in
our learning algorithm. In each iteration (Step 2), only one token will be generalized
and the one resulting in the best accuracy will be added to the set of matching rules,
Mn. Therefore, Step 2 can create the matching rules associated with relevant nodes of
HiPOS by incorporating one token-level matching rule at a time, until there is no more
improvement in accuracy. Similarly, Step 3 aims at adding one block-level matching
rule at a time until there is no more accuracy improvement. Subsequently, Step 4 returns
the HiPOS associated with the set of matching rules which achieves the best accuracy.

2 Natural Language Toolkit: https://www.nltk.org/.

https://www.nltk.org/
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Problem-level and test-case-level rules are not considered in our algorithm because they
can be created by Instructor easily. The learned HiPOS together with the matching
rules can then be utilized to determine the admissibility of program output variants. If
necessary or desired, instructors can further revise the resulting set of matching rules to
better accommodate their pedagogical need.

Ignore 

DayMonth

DayMonthYear

TimeDayMonthYear

Punctuation Number 

Integer 

Semantic

Fig. 3. Token generalization hierarchy for matching rule generation

Our matching rule learning algorithm adopts a greedy approach to achieve a rea-
sonably small training time. The overall time complexity of our algorithm is O(NLH)
where N, L and H refer to the number of training examples, the number of leaves and
the height of the token generation hierarchy respectively. On the other hand, Steps 3.2
and 4.2 can be run in parallel and hence distributed training across multiple processors
can be employed to speed-up the training process.

4 Case Study

We implemented our matching rule learning algorithm and applied our method to real-
world data to evaluate our method. Referring to the programming exercise depicted in
Ex.1 and the expected program output, we investigated the programs submitted by 153
students to attempt this question. Each program was tested by 84 different test cases and
produced (153 × 84 =) 12852 program outputs for evaluation. We then removed those
outputs which are exactly the same as the expected output after end-space trimmed.
Among the remaining 4655 program output variants, 2791 of them are admissible while
1864 of them are inadmissible. These program output variants were assessed manually
and labelled as admissible or inadmissible. We then randomly divided these program
output variants into two equal sets: a training set and a test set.

We applied our matching rule learning algorithm in the training set to discover the
matching rules and generate the HiPOS. The learned HiPOS together with the match-
ing rules were then applied to the test set to predict the admissibility of each program
output variant. In reality, instructors can further modify the matching rules to suit their
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pedagogical needs if they desire. However, in our case study, we did not make any mod-
ification in order to evaluate the performance of the learning algorithm. The predicated
admissibility was compared with the manually labelled admissibility for evaluation. We
first computed the accuracy, that is, the total number of correct prediction divided by the
total number of test data. We also computed the precision, recall and F1-measure for
the admissible program output variants. Precision is defined as the number of correctly
identified admissible program output variants divided by the total number of predicted
admissible program output variants. Recall is defined as the number of correctly iden-
tified admissible program output variants divided by the actual number of admissible
program output variants. F1-measure is defined as the harmonic mean of precision and
recall. To demonstrate the effectiveness of our learning algorithm, we apply our previous
work, namely, TPA, to assess the admissibility of test set for comparison (Tang et al.
2010). Table 1 shows the experimental results of these two methods. Our learning algo-
rithm achieves an accuracy, precision, recall and F1-measure of 85.7%, 92.5%, 82.9%
and 87.4% in the test set respectively. TPA obtains an accuracy, precision, recall and F1-
measure of 83.1%, 100%, 72.1% and 83.8% respectively. The accuracy and F1-measure
show that our learning algorithm achieves a better performance compared with TPA.
A higher recall shows that the learned matching rules are more effective in identifying
admissible program output variants than TPA. On the other hand, the instructor can eas-
ily improve the precision bymanually modifying the learned matching rules to eliminate
the false positives.

Table 1. Experimental results of our approach and TPA

Accuracy Precision Recall F1-measure

Our
approach

85.7% 92.5% 82.9% 87.4%

TPA 83.1% 100% 72.1% 83.8%

Our learning algorithm is promising in discovering matching rules from the training
examples. Practically, the token generalization hierarchy can be modified to accommo-
date different types of program output variants. For example, program output involving
HTML elements can be handled by token generation hierarchy incorporated with dif-
ferent types of HTML elements such as headers, tables, lists, etc. While our learning
algorithm is robust and effective, there exists certain limitation. Our algorithm depicted
in Fig. 2 is a greedy approach and onematching rule will be added to the resultingHiPOS
in each iteration. The major rationale for adopting a greedy strategy is to reduce train-
ing time and complexity. Nevertheless, it is possible that it will result in a sub-optimal
solution. Take an expected output which contains a pair of parentheses (i.e., “(” and “)”)
as an example. Supposing that the program output variant is admissible if this pair of
parenthesis is replaced with a pair of braces (i.e., “{” and “}”), but inadmissible if only
one of the parentheses is replaced with a brace. Our learning algorithm is not able to
generalize these two tokens at the same time. In any case, instructor may still revise the
resulting HiPOS and the matching rules to accommodate this limitation.
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5 Conclusions

We have developed a machine learning algorithm to learn the matching rules for HiPOS
from a set of training examples of program output variants. The greedy algorithm we
proposed can automatically create token-level and block-level matching rules by gen-
eralizing the token and the block of tokens respectively. We presented a case study and
compared the performance with the existing work TPA. The results demonstrated that
our learning algorithm achieves a better performance and reduces the human effort in
constructing the matching rules. We intend to extend our work in different directions.
The first possible extension is to integrate our method to an APAS and apply it in daily
teaching and learning. We aim at investigating the perception to HiPOS by students
and studying the feedback from instructors. Another possible direction is to develop a
pedagogical framework which integrates HiPOS and the learning algorithm to enhance
programming education to novice learners.
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Abstract. This paper presents a web-based automatic question generation (AQG)
system to generate reading comprehension questions and multiple-choice (MC)
questions on grammar from a given English text. Such system saves teach-
ers’ time on setting questions and facilitates students and their parents to pre-
pare self-learning exercises. Our web-based system can automatically generate
Wh-questions (i.e., what, who, when, where, why, and how) and MC grammar
questions of selected sentences. Wh-questions can also be generated from user-
specified answer phrases. The generation ofWh-questions exploits the pre-trained
natural language understanding model, Text-To-Text Transfer Transformer (T5),
and an adapted version of the SQuAD2.0machine reading comprehension dataset.
The generation of MC questions involves identifying regular verbs in a text and
using the verb’s lexemes as the answer choices. Our system takes an average time
of about 1 s to generate a Wh-question and it generates a MC question almost
instantly. User evaluation indicated that our system is easy-to-use and satisfactory
in usefulness, usability, and quality, revealing the effectiveness of our system for
teachers and parents.

Keywords: Automatic question generation · English reading comprehension ·
Wh-questions ·Multiple-choice questions · Natural language processing

1 Introduction

Language learning is compulsory in most schools. According to Cartwright (2002),
reading is a cognitive demanding task. Reading comprehension can facilitate the devel-
opment of cognitive skills and the learning of new vocabulary (Nagy 1988). Hence,
reading comprehension is commonly adopted in the language learning process. Teach-
ers give reading comprehension as assessment in schools. There are numbers of online
platforms for students to practice reading comprehension nowadays. Some parents
would like to set up exercises for their children to train their reading skills. There are
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a lot of articles on the Internet that can be used as reading comprehension material.
However, setting up questions is a time-consuming and labour-intensive task (Mitkov
et al. 2006). Recently, some researchers focused on automatic question generation (AQG)
(seeKurdi et al. (2020) and the references therein). Yet, it is rare to find an existing system
that is easy and free for non-technical users to generate reading comprehension questions
in a fast and massive way. In addition, English has long been one of the most important
language, supported by many research articles (Bury and Oka 2017; Qi 2016). Thus,
we have decided to implement a web-based system to provide an easy-to-use platform
for teachers and parents of junior students to generate English reading comprehension
exercises.

1.1 Existing Approach on AQG

There are numbers of algorithms on automatic question generation (AQG). We
can generally classify them into three categories: template-based, syntax-based, and
semantics-based (Kurdi et al. 2020; Yao et al. 2012):

• Template-based. The first step of template-based approach is to define templates
consisting of some fixed text, such as ‘What is X’ and ‘When did X begin’. The main
purpose of this category of AQG algorithm is to find suitable keywords in a text to
substitute ‘X’ into the template (Liu et al. 2018).

• Syntax-based. Syntax-based approach makes use of syntax structure of sentences in
a text. Syntax rules and transformation are defined. If there are sentences that match
the syntax rules, questions can be generated using transformation rules (Heilman and
Smith 2009).

• Semantics-based. Semantic features are analysed in semantics-based approach. By
recognizing the semantic meaning between phrases, questions are generated. (Flor
and Riordan 2018).

Recently, more studies are using sequence to sequence (seq2seq) encoder-decoder
model with attention mechanism on AQG (Du et al. 2017; Zhou et al. 2018; Yuan et al.
2017; Zhao et al. 2018; Hosking and Riedel 2019). Seq2seq, introduced by Google
(Sutskever et al. 2014), means that the input and output are both sequences. Encoder-
decoder is an architecture that combines the encoder and decoder network. The encoder
is a network that turns the input into a vector containing the information/features of the
input. The decoder is the opposite of encoder, which is a network that turns the vector
into an output item. They have usually been employed together as encoder-decoder
architecture. Attention mechanism (Bahdanau et al. 2015) is often used with encoder-
decoder to improve the performance. It allows the model to pay attention to the most
important part of the text instead of all the text.

Transformer-based models (Vaswani et al. 2017) are also popular in AQG nowa-
days. It is an encoder-decoder architecture with a multi-head self-attention mechanism.
Nearly all state-of-the-art models are based on the transformer. Bidirectional encoder
representations from transformers (BERT) (Devlin et al. 2019) is themost popular model
in natural language understanding. It consists of multi-layers of transformer encoders.
GPT-2 (Radford et al. 2019) is themost powerful languagemodel for text generation. It is
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based on the transformer decoder. These examples show how powerful and inspirational
the transformer is.

Unlike the typical neural networkmodel that requires to be trained from scratch,most
of the transformer-based models are general-purpose language models that make use of
transfer learning. These models are following a pre-training and fine-tuning process. In
the pre-training stage, the model is trained with an extremely large corpus, so that the
model is able to have a better representation of the language. This step usually requires
a lot of computational resources. It can cost thousands of dollars per training. Therefore,
researchers and organizations who proposed the models usually release the pre-trained
models. Users can download the pre-trainedmodels and performfine-tuning for different
downstream tasks with much less computational cost, while enjoying the performance
gain from pre-training. It is worth noting that the fine-tuning process is equivalent to the
tuning of hyperparameters. It is the training process that trains the model with the data
for a specific task.

1.2 Existing System for AQG

Quillionz is an artificial intelligence (AI)-powered question generator. It provides both
free and paid services. Free service provides only True-False questions, multiple choices
questions and fill-in-the-blank questions, whileWh-questions and interpretive questions
generation are paid service (Fig. 1). Users need to input a text between 300 and 3000
words and select the domain of the text. The system will initialize some keywords for
the question generation process. Users can choose to include or exclude some of the
keywords. It then requires users to review the content, which includes solving lengthy
sentences, resolving pronouns, and modifying some subjective or incomplete sentences.
This process aims to improve the quality of generated questions. Finally, questions will
be generated.

Fig. 1. Quillionz generates True-False, multiple choices and fill-in-the-blank questions for free
(left). Wh- and interpretive questions generation are paid service (right).

The limitations of Quillionz are the minimum word count and the control of the
content. The system rejects a text with less than 300 words which is not flexible for
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generating reading comprehension questions for junior students. If the text is not in
the listed domain of the system, the generated questions may not be of good quality.
Moreover, the system requires human effort to modify the text to fit the system in order
to generate good quality questions. It is not user-friendly when the users are asked to
“rewrite” the text but they do not think the text is that poorly written.

2 Our Web Application for AQG

Our AQG system consists of two major QG components: Wh-question generation and
grammar question generation.When using the system, users need to input a text. The text
will be processed in two ways to produce Wh-questions and multiple choice questions
on grammar, respectively. Figure 2 shows the overall design of our system.

Fig. 2. The overall design of our web-based AQG system.

2.1 Grammar Question Generator

Our grammar questions are multiple choice questions on tenses. The first step is to
identify which are the verbs in the text. We used a part-of-speech (POS) tagger (De
Smedt and Daelemans 2012) to identify the part of speech of all individual words in the
text. We choose all the verbs and produce its other lexemes as the distractors (i.e., wrong
answers) of the question. If the number of lexemes is less than three for a particular verb,
this verb will be ignored. There is no pre-training in this part of the generation process.

2.2 Wh-Question Generator

We have used a deep learning approach to generateWh-questions. A pre-trained English
model, Text-To-Text Transfer Transformer (T5), was adopted (Raffel et al. 2019) as the
base model. Considering the processing power and the responding time of the system,
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we use “t5-small”, the smallest model of the T5 family, in our work. We fine-tune the
T5 model using the benchmark SQuAD 2.0 dataset (Rajpurkar et al. 2018) to make it
suitable for generating questions. Since the SQuAD2.0 dataset is for question answering,
we simply treat the text, question-answer pairs of the dataset as the inputs and outputs
for fine-tuning our model to better fit the question generation task: the input is a source
sentence with an answer phrase, whereas the output is a Wh-question.

When using our system, the input text will go through a named-entity tagging process
to find the possible answer phrases. Then, the selected phrases, called keywords, will be
passed into our fine-tuned model together with the source sentence. AWh-question will
then be produced as the output.

2.3 Wrapping the Two Generators

We used a web application to wrap the whole process. To generate questions, users
will be required to input a text (Fig. 3). The system will select and display the possible
answer phrases to the users. Users can choose new keywords and un-select any keyword
according to their needs (Fig. 4).

Fig. 3. First step of using our system: input a text.

Fig. 4. Second step of using our system: select keywords.

When all settings are ready, questions will be generated automatically (Fig. 5), as
introduced in Sects. 2.1 and 2.2. GeneratedWh-questions are shown on the left in Fig. 5.
Users can click on the “Source” button to see the original sentence in case they want to
make sure the questions are set correctly, or would like to examine the answer (Fig. 6).
The right of Fig. 5 shows the generated multiple choice questions on grammar. Users
can shuffle the choices of the questions by clicking the “shuffle” button.
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Fig. 5. Wh-questions (left) and Grammar multiple choice questions (right) are generated.

Fig. 6. Users can view the source of the generated question.

In both question pages (Fig. 5), a user would remove some questions directly using
the “Delete” button next to those questions. All answers will be hidden by un-selecting
the “Show Answer” option. The “Copy to Clipboard” button allows users to copy the
questions to other file for further processing. Users can also print the web page directly.

3 Evaluation

3.1 Response Time

We conducted a response time test to evaluate the time needed to generate a question
using GPU and CPU. There are 5 randomly chosen texts, the number of words and
number of questions is shown in Table 1 below. We collected the time used to generate
questions in these 5 texts, and the average time needed per question, and tried running
the model on CPU (i7-4770) and GPU (RTX 2060).

The result shows that the average time cost per question using CPU is 1.3 s, and that
of GPU is 1.07 s. It shows that GPU outperforms CPU by 18% in AQG.

Note that the time for the NER tagging and generating grammar questions is very
short (much less than one second) and are therefore omitted from the response time
test. To sum up, our web-based AQG system provides satisfactory response time on the
question generation.

3.2 Quality of Generated Questions

We evaluated the capability of the system in generating different types of ques-
tions, including “What”, “Who”, “When”, “Where”, “Why”, “How”, and “How many”
(Table 2).
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Table 1. Result of response time test.

No. of words No. of
questions

Time used
(second)

Avg. time
cost per
question
(second)

CPU GPU CPU GPU

Text 1 312 26 35.1 28.7 1.35 1.10

Text 2 180 25 32.0 26.5 1.28 1.06

Text 3 340 18 23.1 19.0 1.28 1.06

Text 4 160 19 25.8 20.5 1.36 1.08

Text 5 117 23 28.7 24.6 1.25 1.07

Mean average time cost per question (second) 1.30 1.07

The results indicated that the system can generate different types of Wh-questions if
the answers are selected properly. Our auto-selected answers are based on NER tagging,
which can select the answers for generating “What”, “Who”, “When”, “Where”, and
“How many” type of questions. Yet it is not suitable for automatically generating the
“Why” and “How” type of questions. The generation of these types of questions highly
relies on user involvement and thus the user may need to manually select the answers to
ensure the quality of the questions.

3.3 User Survey

To evaluate the performance of our web-based AQG system, we invited 15 participants
to test the system and complete a survey. The survey has 8 questions, where Questions
1 to 7 used a 5-point Likert scale (1: strongly disagree, 2: disagree, 3: neutral, 4: agree,
5: strongly agree) and are on the usefulness, usability, and look-and-feel of the system,
and Question 8 is an open-ended question. Table 3 shows the result on Questions 1–7.

The first two questions are on the usefulness of our system. The result shows that
most of the users are satisfied with the quality of the questions. However, we can see the
satisfaction of grammar questions is higher than Wh-questions, which implies a room
for improvement in the Wh-questions generation component.

Questions 3 and 4 are on the usability of our system. It reflects if the design of the
system and user interface is logical. The result shows that a majority (over 80%) of users
gave the highest rating 5 on this part.

Questions 5 and 6 are on the look-and-feel of the system, which is mostly related to
the user interface. The result shows most of the users are satisfied with the user interface,
but there is still a little room for improvement since there are still 33% of the users who
did not select the highest score. We expect adding more instructions and functions to the
user interface could be useful.

As indicated in the result of Question 7, all users were satisfied with our system.
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Table 2. Result of question type test.

Type

What Content Amazon is the most valuable brand in the world.

Selected Keyword Amazon

Generated Question What is the most valuable brand in the world?

Who Content Donald Trump is the current president of the United States

Selected Keyword Donald Trump

Generated Question Who is the current president of the United States?

When Content Donald Trump was born on June 14, 1946

Selected Keyword June 14, 1946

Generated Question When was Donald Trump born?

Where Content Donald Trump was born at the Jamaica Hospital in the
borough of Queens, New York City

Selected Keyword Jamaica Hospital

Generated Question Where was Donald Trump born?

Why Content The increased solubility of O2 at lower temperatures (see
Physical properties) has important implications for ocean
life, as polar oceans support a much higher density of life
due to their higher oxygen content

Selected Keyword higher oxygen content

Generated Question Why do polar oceans support a much higher density of life?

How Content The principal Treaties that form the European Union began
with common rules for coal and steel, and then atomic
energy, but more complete and formal institutions were
established through the Treaty of Rome 1957 and the
Maastricht Treaty 1992 (now: TFEU)

Selected Keyword with common rules for coal and steel

Generated Question How did the Treaties that form the European Union begin?

How many Content Only a few common complex biomolecules, such as
squalene and the carotenes, contain no oxygen

Selected Keyword A few

Generated Question How many complex biomolecules contain no oxygen?

Question 8 is an open-ended question for users to comment on the system. It aims
at collecting users’ feedback to improve the limitations of the system. There are three
main limitations: (i) The first one concerns that the auto-selected keywords are not good
enough. The keywords are selected based on NER tagging. It is possible that the whole
input text has no or very little named-entity. We also noticed that it is a challenging task
to generate the “why” question if the answer is a named-entity. Therefore, it is one of
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Table 3. Result of user survey on Questions 1 to 7.

Question Percentage (%)

1 2 3 4 5

1 I am satisfied with the
quality of Wh-questions

0 0 13.3 40 46.7

2 I am satisfied with the
quality of grammar
questions

0 0 0 13.3 86.7

3 I think the system is easy to
use

0 0 0 13.3 86.7

4 I think the system is easy to
learn

0 0 0 20 80

5 The system works the way
I expected

0 0 0 33.3 66.7

6 I like the user interface of
the system

0 0 0 33.3 66.7

7 Overall, I am satisfied with
the system

0 0 0 46.7 53.3

the key issues to be solved in the future; (ii) the second one concerns the long loading
time. The major reason for the long loading time is that the model we used is large.
Powerful hardware or optimizing the program could help with this problem; and (iii)
the last one concerns the quality of the generated questions. The quality of the questions
mostly relies on the model. There is a trade-off of performance and response time.

4 Conclusion and Future Work

An easy-to-use and web-based English reading comprehension question generation sys-
tem has been built. It can generateWh-questions andmultiple choice grammar questions
on tenses. Analysis revealed that the question generation takes has a satisfactory response
time (about one second per question). Survey was conducted and participants were sat-
isfied with the current system. Though, there is room for improvement in future work.
Future research directions are suggested in three perspectives.

First of all, considering the quality of generated questions. The auto-selected key-
words need to include those other than named entities such that the “why” type questions
can be generated without human involvement. Moreover, more questions types, like part
of speech and open-ended questions, can be included in the future. If the difficulty of
the questions can be increased, the system will be useful to senior students and their
teachers and parents.

Second, the response time should be reduced. When processing a long text, the
response time is not impressive. Rather than using a pre-trained model, we can train a
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model just for AQG from scratch. In future, we may also use other new models that are
much powerful but with smaller size than “t5-small”.

Third, we can mimic similar approaches for different languages such as Chinese.
Reading comprehension is also playing an important role in other languages. If different
languages can be supported, more people can enjoy the convenience of AQG.

Looking to the future, we believe that AQG on reading comprehension can be greatly
helpful to teachers, parents, and students. Teachers can save their time on preparing
teaching materials. Parents can prepare more exercise for their children and the children
as students can learn more from the exercises. We look forward to the well development
on AQG.
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Abstract. The longitudinal study on acceptance of social media in the university
setting brings a decade experience on how students perceive, use and value selected
social media for study purposes. Based on literature review on utilization of social
media in education ‘Socialmedia acceptance scheme’was designed and repeatedly
applied with slight relevant adaptations reflecting researchers targets of conducted
national and international university projects within the discussed time span of
ten years. Research targets vary, however awareness of social media platforms
represents a kind of continuum being of key importance when considering and
creating a digital strategy in the process of education at various levels of its system.
Based on the findings gained from ‘Social media acceptance scheme’, the concept
of blended learning has been adapted accordingly; study materials in e-courses
were reorganized as well as innovative approaches in face2face classes have been
made in teaching/learning Professional English language and Czech language
for foreigners subjects at the University of Hradec Kralove. The latest data on
utilization of social media by Czech and foreign students bring an international
dimension where comparison of findings is visualized and discussed.

Highlight. 10 years’ experience on the local scene within the global frame
with an intercultural overlap on acceptance, utilization and potential of social
media in university setting.

Keywords: Social media · Research · Student engagement · Student
satisfaction · Longitudinal study

1 Introduction

The worldwide accessibility to the Internet is one of the defining phenomena of the
present times in reshaping the world. Clement (2020) calls Social media the lovechild of
theWorldWideWeb. Social media with their wide range of forms like blogs, forums, and
business networks, sharing platforms, social gaming, microblogs, chat applications or
social networks develop, adapt to new requirements, stagnate or leave the scene. Due to
their influential and defining role in the private and professional lives, social media have
been in the centre of research interest since the birth of second generation of WWW so
calledWeb 2.0. Selected relevant topics of social media research follow as an illustration
of the issue scope and breadth:
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• the challenges of social media use and research (Osch and Coursaris 2015; Weller
2015, 2016),

• intra-generational variance (Bolton et al. 2013),
• social media marketing (Tuten and Solomon 2017),
• social media engagement (Schivinski et al. 2016),
• and many other areas including the area of education, which is in focus of this paper
(Greenhow and Lewin 2016; Selwyn 2017), see more in the Relevant studies sub-
chapter.

The longitudinal study on the acceptance of social media in the university setting
brings a decade experience on how students perceive, use and value selected social
media for study purposes.

The structure of the paper follows the standard pattern: State of Art consisting of
subchapters on social media statistics, categorization and relevant studies within the
methodological frame of the research, Design of the Social Media Acceptance Scheme,
Findings, and Conclusion.

2 State of Art

The chapter deals with the role of social media and literature sources. Statistics on
selected statistical websites is used as one of the approaches to the research on utilization
of social media and forms the first opening part of the State of Art chapter.

The direction goes from global to local; it is shifted from the wide global frame to
the applied research on the local scene.

2.1 Social Media on the Global, European and Local Scene in the Statistical
Numbers

This subchapter brings a brief statistical overviewon socialmedia users andmost popular
social networks. Proven relevant websites providing global data and their processing
on the researched issue are: Pew Research Center (2020) with a research area Internet
& Technology; Internet World Stats (2020), IWS for short, website for international
Internet usage statistics, population Statistics, Social Media Stats and Internet Market
Research Data, for nearly 250 countries; or Statista (2020) with its section Social media
- Statistics & Facts.

As for the local scene, data were taken from two key sources: Eurostat (2016) and
the Official Statistical Office of the Czech Republic (Czech Statistical Office 2020).

Statistical numbers show the enormous deal of social media users out of the total
population. The role that social media play in their life can be seen in time people spend
on the Internet from their waking time.

Kemp (2019) in the Global Digital 2019 report reveals that currently, the total pop-
ulation reaches 7.7 billion people; more than 5 billion are mobile users, 4. 4 billion are
internet users and 3.5 billion are social media users. Social media user spends aston-
ishing 2 h and 15 min on social platforms daily, which represents about one-third of
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their time on the Internet, and when look at that from another perspective this time rep-
resents one-seventh of their waking lives. However, there are discrepancies in users’
behaviour. The numbers give the global view. In reality, what do they illustrate, what is
the predictive value, to what extent can researchers built upon them?

According to Statista (2019), most popular social networks worldwide in October
2019 ranked by number of active users (in millions) follow: Facebook (2, 414), Youtube
(2000), WhatsApp (1,600), Facebook Messenger (1,300), WeChat (1,133), Instagram
(1,000), QQ (808), QZone (554), Douyin/Tik Tok (500), Sina Weibo (486), Reddit
(330), Twitter (330), Douban (320), Snapchat (314), LinkedIn (310), Pinterest (300).

Photo-sharing is widely popular among students of our Faculty of Informatics and
Management;popularity of photo sharing is astonishing, to our surprise it is popularwith
foreign students in utilization of this tool even for study purposes, as will be discussed
later in the chapter Findings.

Another note also refers to intercultural dimension of social media. As for social
networks, one of crucial characteristics is that they are in multiple languages, which
enables its borderless spread; it is an enriching topic for raising discussion on comparison
of these networks among students from various cultural backgrounds (Černá and Lin
2020). Another feature worth highlighting is the role of some social network in the local
context. The great deal of social networks with more than 100million users originated in
the United States, but European services like VK (VKontakte, ‘InContact’) or Chinese
social networks Qzone and Renren have also gained strong position on their local scene
(Statista 2019). Behavior and habits of social media users in Europe look often similar
as in other part of the world, which fosters the idea of global phenomenon. There are
differences in social media preferences, e.g., Facebook is not so popular in Russia, VK
holds its leading position with over 400 million users in Russia and parts of Europe.

Awareness of social media platforms is of key importance when considering and
creating a digital strategy within various markets as well as in the educational sphere,
which is in focus of this paper.

Lorenc (2018) in his report on utilization of social media channels in the Czech
Republic gives statistics and demographic in brief. In the Czech Republic with 10.65
million inhabitants, following platforms dominate the social media scene. Facebook
Network with its several platforms, e.g., Messenger with nearly 6 million users is the
main player. It is followed by YouTube with 5 600 000 active users per month. Another
big player is social media platform Instagram from Facebook family with 2.2 million
users. Then LinkedIn comes with 1 600 000 career oriented users. Twitter’s audience is
even smaller consisting of 600 000 users.

The use of social networks in the countries of the EuropeanUnion varies. On average,
there are 55.8%socialmedia users in theEU.TheCzechRepublic belongs to the ‘precise’
average with its 55.6% of users. The reached level of education gets reflected in the
statistical overview: 75% university graduates use social media, 55% secondary school
graduates is followed by 41% of people who accomplished the basic level of education
(Czech Statistical Office 2020).
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2.2 Categorization of Social Media

There have been many concepts of categorization of tools brought by Web 2.0, which
have had to change and adapt, as the development of technology does not stagnate;
individual tools gain new functionalities and get more and more interconnected. Social
media are standardly divided into two main sections: social networks like Facebook,
Twitter, LinkedIn and media sharing sites, e.g., YouTube or Instagram. However, there
is a current trend where the lines between media sharing networks and social networks
are blurring. Many multimedia services, e.g., adding live video or augmented reality,
are functionalities that are used also on platforms of Facebook, Google + or LinkedIn.
Grouping social networks according to subject matter or the functional capabilities has
become old fashioned. This is finding which was also reached during the follow – up dis-
cussions with students at the qualitative stage of the presented research on social media.
Foreman (2017) shifts categorizing networks from their division based on technology
features to categorizing networks based on the aim of people use.

2.3 Relevant Studies Within the Methodological Frame of the Research

This longitudinal study monitors and investigates students’ acceptance, utilization and
potential of social media in the university setting.

Studies presented in this subchapter deal with key characteristics of Web2.0, which
play a distinguished role in the process of education. The studies roughly cover the time
span corresponding to the time span of the longitudinal study. There are studies from
which researchers took inspiration for the design of their research, especially the survey
as a main research tool e.g., Selwyn (2007b) and Usluel and Mazman (2009). Following
literature sources help to illustrate the development and trends in the research of social
media in education.

Terminology relating to the interactive Web 2.0 technologies that appeared after
static Web 1.0 might seem confusing. In older studies, terms like Web 2.0 technologies,
Web2.0 applications, Web2.0 social software applications, Web 2.0 services dominate.
Currently terms like social platforms or social media prevail. Our research can be an
example of this shift; we started with the term social software applications and moved
to social media.

With the emergence of ‘Web 2.0’ technologies, there was a great deal of enthusiasm
and expectations about new possibilities in enhancing learning among educationalists.
Selwyn (2007b) with his critical review on research literature on Web2.0 applications
was inspiring for our research with his sober approach to actual practical utilization of
these applications in facilitating new forms of creation, collaboration and consumption in
learning. Some of his questions concluding the paper have been in the foci of researchers
up to now, e.g. “to what extent do learners expect/desire to use ‘informal’ forms of ICT
use in the formal educational settings such as the school? Which ICTs do learners see
as being most motivating, engaging and personalisable? Conversely, which ICTs do
learners see as unsuitable for the classroom and why? What unintended consequences
and/or risks do learners see as arising from importing ‘new’ informal modes of ICT use
into the classroom setting?” (Selwyn 2007b). Ten years later Selwyn (2017) published
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a comprehensive book on practices, processes and structures behind the rapidly increas-
ing use of technologies in education, with an emphasis on the implications of digital
technologies for individuals and institutions.

Usluel and Mazman (2009) discussed in their study new possibilities of interaction,
which Web2.0 supports. They highlighted the importance of individuals’ acceptance
and usage of technology as the most effective ways of obtaining effective learning out-
comes in distance education within the frames of various models and theories about
diffusion, acceptance and adoption of an innovation. They suggested that Unified The-
ory of Acceptance and Use of Technology (Venkatesh et al. 2003) would bring out more
in depth and comprehensive approach.

Anderson presents his idea of Web 2.0 on the iceberg model with social web on the
top of the iceberg. He provides readerswith implications of computing, and he focuses on
repeatedly mentioned key characteristics of Web 2.0, e.g., user-generated content, ways
of participation or openness (Anderson 2012).What we call social software applications
he callsWeb2.0 services; out of these services, he discusses blogs, wikis, social networks,
media sharing sites, social bookmarkingandmicroblogging.His selection slightly differs
from ours, as will be shown in the core chapter ‘Design of the Social Media Acceptance
Scheme’. He looks at how each of selected services is used, how it was developed and
what technology is involved finally he adds important research themes and findings from
the literature (Anderson 2012).

We focus on the issue from students’ perspective: what they know, what they use,
how they are satisfied with the services and what potential students see in them for study
purposes, which services they find appropriate for the use and management of study
materials, possibilities of communication and testing knowledge for communication,
revision, e.g., Černá and Poulová (2013).

Key characteristics of Web2.0 seem incredibly promising for teaching/learning pur-
poses. However, there is also the other side of the coin. WWWweb has become a place
of user participation and user interaction, with enormously increasing amount of mate-
rial. The amount of user-generated content on the web is rising and comes from various
sources. Here arises the issue of handling the available information appropriately. To
obtain the right content at the right time and to reduce information overload effects is
becoming a greater challenge forWeb users. Students are offered somuch studymaterial
which in many cases leads to the Paradox of Choice or the Decision Paralysis (Schwartz
and Johnson 2013). We solved this issue of necessity to sort out study material in the
Learning Management System (LMS) Blackboard, which is one of the analysed social
platforms in this paper, via creating a modified recommender system model (Černá and
Borkovcová 2018; Černá and Lin 2020) solved this problem, as well. In their paper
on users’ acceptance of Web2.0 services in academia, they highlighted the concept of
information literacy competency.

When we return to the positive aspects of social media, it is evident that possibility
of content development belongs to the best ways of engaging students into the process
of education. Steyn et al. (2017) believe that students can better grasp the content and
increase their learning via utilization of virtual platform and working out own material
there. Researchers consider working in Blackboard to be natural, because their students
are millennials, the generation growing up with the Internet. The aspect of engagement
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into the learning in social media has been part of our research since its beginning.
However, findings on active involvement (Černá and Borkovcová 2019) correspond to
less enthusiastic findings of (Greenhow and Lewin 2016) in their study on bridging
formal and informal learning where belief in social media potential is discussed. They
proposed a model theorizing social media as a space for learning with varying attributes
of formality and informality. They are also more sceptical about active engagement as
they claim that majority of young people act as consumers rather than full participants
(Greenhow and Lewin 2016). Our findings also revealed that active cooperation or even
collaboration is closer to wish than reality (Černá 2017; Černá and Borkovcová 2018).

As for academic sphere, according to (Weller 2015) some social media platforms are
more prominent in academic publications than others are. She has long been involved
in interdisciplinary nature of social media research. She claims that Facebook, Twit-
ter, Wikipedia or YouTube due to their popularity are more analysed, especially user
motivation and usage scenarios, then, e.g., Instagram (Weller 2015). Except for Twitter,
our findings prove that Facebook, Wikipedia and YouTube belong to most prominent
by students in our research samples. Weller (2016) focuses on social media platforms
from user’ perspective and finds out that some features of popular social media plat-
forms like hashtags are currently understudied. She discusses the role of social medial
key features in her research on understanding users’ behaviour. Our research is also run
from (users’) students’ perspective. Cheung (2016, 2017) utilizes features of Web 2.0 in
teaching/learning process in his long-term research. Two of papers have been selected
studies as they fit the concept of here presented longitudinal study. Hewas involved in the
design and implementation of a complex project Open textbooks on on-line platforms
(Cheung 2016). The other study deals with students’ perspective; students’ perception
on usefulness of open educational resources is analysed (Cheung 2017).

3 Design of the Social Media Acceptance Scheme

The chapter is opened with the set of social media accompanied with a brief justification
of their selection into the research. Then the individual stages of the design of the
Social Media Acceptance Scheme are described. Examples of published outcomes of
the research on utilization of social media, where readers can gain further information,
conclude the chapter.

3.1 Categorization of Social Software Applications Applied in the Research

We have to admit, that Foreman’s categorization (2017) only slightly differs from the
categorization,whichwe designed 10 years ago. Selection of social software applications
for our research purposes stemmed from studies discussing experience in utilization of
these Web 2.0 tools especially in university setting. The inspiring studies were chosen
due to their balanced approach to the issue. There could be seen not only pure optimism
in technical innovations possessing motivating drive in young people to participate and
cooperate in new channels in virtual space but also pitfalls and weakness, clarifying
ways of implementing this phenomenon into the process of education were presented
(Schroeder et al. 2010; Usluel and Mazman 2009; Weller et al. 2010). 9 kinds of social
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applications with defined key missions were placed into the questionnaire and analysed
in the first run of the survey (Černá et al. 2011a, b).

• First monitored social applications were Social nets like Facebook and Twitter as
social utilities connecting people with main mission that is communication, three
years later Google+ was added to these nets (Černá 2014).

• Then YouTube as an application enabling sharing predominantly music recordings as
well as presentations and instructions from various areas was selected. With audio
and visual characteristics, this social application was considered a strong player on
the virtual educational scene from the very beginning. Its dominance is strong and
firm.

• Wikis, which can serve as platforms for knowledge integration and cooperation devel-
oping common knowledge, still keep their positions among students and enthusiastic
educationalists. The fact is that there is a great deal of academics who consider wikis
not sufficient or appropriate for study purposes due to a considerable high amount of
unverified data and frequent simplification of explained issues.

• Skype and ICQ were selected as exclusively social communication application for
chatting. ICQ has already left the active social application scene, however we left it
in the questionnaire as an old-fashioned app fitting discussions on development of
media from archaic to new platforms like ZOOM.

• Blog as a form of online reflective diaries was placed into the questionnaire because
this social application had been found quite promising for study purposes in related
literature and fully fitting our research (Schroeder et al. 2010; Selwyn 2007a; Weller
et al. 2010). However, findings from our research do not correspond to findings in
related literature, see more, e.g., (Černá 2014).

• Social-bookmarking fitting for storing and sharing web-links was found by academics
highly beneficial for study purposes but findings from our research were even worse
than in case of Blogs.

• Sharing photos (on-line photo albums) applications have undergone crucial changes
from wide utilization in 2010 to the shift to new applications which are often part of
dominant social networks.

• In the first runs of the longitudinal study there was a relatively large space given to
on-line computer games, namely toWorld ofWarcraft and Second-life, then there was
also an open question if students knew, used and seen potential for study purposes in
any other computer games. As the findings were marginal, original three questions
in the questionnaire were condensed into one under general name on-line computer
games.

• The last questions in the questionnaire dealt with Learning management systems
(LMS) like WebCT (now Blackboard) and Moodle and other potential LMS. The
individual Institutions often host these robust systems where they form an integral
part of the overall course management.
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3.2 Design of the Social Media Acceptance Scheme

The set of applications that form the core of the research has been introduced. Now a
detailed description of individual sections of the Social Media Acceptance Scheme fol-
lows. This schemewas elaborated chronologicallywithin the frame construct:Awareness
– Utilization – Satisfaction – Potential.

Quantitative data are gained from the Questionnaire filled by students where defined
areas are examined. Firstly, there is Awareness – students mark whether they know the
application. If students know the application, it doesn’t guarantee that they use it. So the
next step isUtilization –when studentsmark that they use the app, theymarkFrequency -
how often they use it. The following step is Purpose of the usage of the app. Our research
is designed for tertiary education that is why students are asked to mark if they use the
individual apps for the purposes of further education, for the university study purposes or
for study purposes in both areas. In case theymarkUniversity study purposes, a following
important stage opens which deals with the appropriateness of the apps for specific parts
of the learning process: Reservoir of study materials, Communication and Revision.
Students select the level of Satisfaction with the apps from the 1–5 scale. Based on the
level of satisfaction the Potential of individual applications for study purposes perceived
by students might be identified. The interest in the potential of social media discussed in
the follow-up discussions led the researchers to adding Potential as a separate category
into the questionnaire.

Visualisation of the Social Media Acceptance Scheme can be seen in Fig. 1.

Fig. 1. Social media acceptance scheme

The follow-up discussion with respondents is beneficial in collecting data and opin-
ions; it enriches investigation into qualitative space. The topic is so natural to students
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that they easily enter the discussion and are ready to share their experience even if there
is a slight language barrier. Showing them findings from other cultural backgrounds rises
their involvement. Comparison works as a proved motivating factor for engagement into
a talk (Černá and Lin 2020).

Examples of published outcomes of the research on utilization of socialmedia, where
readers can gain further information follow. Social media scheme has been applied
repeatedly, it has been adapted to fit the goals of researchers. One of the first outputs
discussing the whole scene of researched media was ‘Role of social media in academic
setting awareness, utilization and willingness’ (Černá and Poulová 2013). Examples
with specified focus follow: Awareness and Potential (Černá et al. 2011), (Černá and
Svobodová2018),Trends in utilization of socialmedia in further education and in univer-
sity setting (Černá 2014; Černá 2017), Focus on one application, e.g., Facebook (Černá
et al. 2017),Cooperation and Involvement (Černá 2015), (Černá and Borkovcová 2019),
International overlap – comparison of findings between research samples consisting of
students from the Faculty of Informatics andManagement, University of hradec Králové
and Polish students from Wroclaw School of Banking (Černá and Poulová 2013), stu-
dents from Karaganda State Technical University, Kazakhstan (Černá et al. 2014) or
students from National Taiwan University of Science and Technology (Černá and Lin
2020).

4 Findings

Findings in this chapter are opened with a general overview of utilization of social media
in a time line of one decade. Data were taken from two studies (Černá 2014; Černá et al.
2011a, b) and a survey conduced this year with research samples consisting of full-time
students from the Faculty of Informatics and Management.

Findings visualizing the one decade time-line refer to two areas, which are general
one and a specialised one. A general view can be seen in Fig. 2 showing Awareness of
social media. The special focus deals with four social media fitting study purposes most,
which is Fig. 3 Frequency of used media.

The other part of findings is devoted to latest survey conducted at the end of winter
semester 2019/2020 with Czech and Foreign students attending classes Professional
English language and Czech language for foreigners subjects at the University of Hradec
Kralove. The latest data on utilization of social media by Czech and foreign students
bring an international dimensionwhere findings onAwareness, Satisfaction andPotential
are compared, see Fig. 4, 5 and 6. It is necessary to keep in mind that there are limitations
in this study connected with the decreasing number of respondents in research samples
(257 (2010) 71 (2014) 38 (2020) which means that no generalization of findings can be
made. However, findings are authentic and represent actual state on a local scene.

Dominance of Facebook, YouTube, Skype and Games can be seen at first glance in
the Fig. 2. Interesting thing is that Bookmarking as a highly promoted social media appli-
cation by academics in their studies hasn’t been found by our students. Similarly, Blog is
also ‘prominent’ social media used in education, but not so much by respondents in our
research samples. According to the findings from the follow-up discussions, students
travelling abroad within Erasmus study program appreciate Blogs as authentic sources
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Fig. 2. Awareness of social media in a time line

Fig. 3. Frequency of social media use in a time line

with authentic practical information. Skype is used for teaching/learning purposes in
case of a student’s absence due to a long-term illness and especially in communication
with students who are abroad.

This year, due to a coronavirus pandemic, we switched to the school promoted
Microsoft Teams platform. All Czech students know the almost extinct ICQ application,
but no one from this year’s group uses it anymore. In spite of the fact that Learning
Management System was in 2010 widely used, only one fifth of students marked that
they knew it, in 2014 all students marked that they knew LMS.

Figure 3 visualizes Frequency of use of researched social media as an important cat-
egory for potential implementation into the process of education both either formal or
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Fig. 4. Awareness of social media – comparison Czech a Foreign students

G+ FB Twitter Instagr Other YouTube Skype ICQ Blog WA Viber Wiki  Bmark Photos Games LMS
Czech 2,6 2,5 2,3 1,5 1,8 2,8 3,3 2,3 2,4 2,7 2,4 2,1 2,6
Foreign 2,7 2,6 1,8 1,1 2,8 5 3,7 1,4 5 1,9 2,6 1,6 2,8 3,5

Fig. 5. Satisfaction – comparison Czech a Foreign students view

Fig. 6. Potential of social media – comparison Czech a Foreign students view

informal. The strongest media are Facebook and YouTube, which are used daily by 90%
of students in case of Facebook and by nearly 80% in case of YouTube, the rest of respon-
dents use them on weekly basis. The question is, if they are used for study purposes.
The answer can be found in the responses in the category Satisfaction with individual
social media for the defined areas of the process of learning (Communication, Study
material repository and Revision with Testing). Facebook fits communication perfectly
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as it is its main mission, anyway. However, students found Facebook dissatisfactory for
study material storing and for testing. YouTube has gained incredibly strong position
in formal and informal learning. As for LMS, number of students using Blackboard
on daily basis has increased which reflects university policy to guarantee support via
e-course. Utilization of Wiki has significantly increased, there are 80% users on weekly
basis despite the fact that a great deal of teachers are not fans of this platform.

Figure 4 illustrates findings from the latest survey on Awareness of social media. The
graph is constructed on comparison of Czech and Foreign students’ responses. YouTube
and Skype reach 100% in both groups. Utilization of Blogs reaches 100% in foreign
students and utilization of Social Bookmarking is quite high, both findings support the
importance of Blog and Social Bookmarking highlighted in foreign studies. In this case
we can see the difference between our scene and scene abroad. Another difference can
be seen in ICQ, for foreign students it is ‘big unknown’, all Czech students know this
app. Last comment relates to utilization of LMS; we have to admit a kind of discrepancy
in gained responses. Less than half of foreign students marked that they knew LMS,
however worked in the e-courses during semester.

As for Satisfaction, Twitter, Instagram, WhatsApp (WA), we included in the latest
survey see Fig. 5. The 1–5 point scale was applied, Findings bring a colourful picture
where level of satisfactionwith individual applications differs betweenCzech and foreign
students quite a lot. Czech respondents are quite moderate. As for foreign students, they
use the whole scale from 1 to 5. Czech and foreign students are satisfied with YouTube
most. Findings relating to Facebook and Twitter social nets are comparable in both
groups, surprisingly level of satisfaction is moderate not high, as one might expect and
the same refers to Skype. Czech students do not use Blogs as much as foreign students
but they are much more satisfied with them then foreign students. Foreign students value
pictorial media like Instagram and various kinds of sharing photos.

Students’ view of the Potential of social media for study purposes shows valuable
findings. The highest positions reach YouTube,Wiki in both Czech and foreign students.
90% of foreign students and 80% of Czech students can see potential in the YouTube
platform. Three quarters of Czech students can see potential in Facebook in comparison
to only 30% of foreign students. Another discrepancy is also perceived in potential of a
teaching/learning tool LMS. Three quarters of Czech students can see potential in this
social media in comparison to 45% of foreign students. No other application reaches the
threshold of 50%.

5 Conclusion

Development of social media and their functionalities never stagnate which imposes
challenge to practitioners and researchers. Study climate is changing. To keep the pace
with the development of newmedia and at the same time not to lose unifying view of the
social media scene a Social media Acceptance Scheme was designed. This scheme is
adaptable; it can be easily modified to fit the purposes of social media research especially
in university setting. Students’ perspective creates the red thread going through the long-
term research: how students perceive, use and value social media. Research targets vary,
however awareness of social media platforms represents a kind of continuum being
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of key importance when considering and creating a digital strategy in the process of
education at various levels of its system.

Further development of the research we see in utilization of Unified Theory of
Acceptance and Use of Technology (Venkatesh et al. 2003).
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Abstract. Many multichannel multimodal learning (MML) spaces have been
established since the current generation of learners has been getting used to a
multichannel multimodal way of experiencing their daily environment. To evalu-
ate the effectiveness of MML space implementation, the present study designed
as intervention research examining learning itself the change of motivation and
self-efficacy of 48 students at Shanghai Open University before and after their
experiencing learning in an MML environment. The difference between students’
self-efficacy/intrinsic learning motivation before and after the MML interven-
tion was shown significant (p-value = 0.01535/0.007103), but the difference in
students’ extrinsic learning motivation was not (p-value = 0.2781). The results
pointed out that MML environments enhance students’ perceived values of learn-
ing itself (compared with its extraneous values); more MML interactions make
learning itself more valuable to students, which is evidence supporting the imple-
mentation of MML at institutions for learning promotion and teaching quality
enhancement.

Keywords: Multichannel multimodal learning · Self-efficacy · Intrinsic
motivation · Extrinsic motivation · Learning environment

1 Introduction

Given the rising popularity of the Internet and Information Technology, the current gen-
eration of students has got used to adopting a multichannel and multimodal way of
experiencing their daily environment. A course that primarily delivers one-mode expe-
rience (e.g. text-based course content delivery) or is accessible on one channel (e.g. only
in classrooms) is not sufficient. In response to the situation, a concept of multichannel
multimodal learning (MML) environments is developed. Modality refers to a way of
experiencing course content such as text (i.e. a mode of vision), videos (i.e. a mode
of audio and vision), or lectures (i.e. a mode of audio, vision, and likely proprioceptive
interaction).Multimodality is a set of different modalities of course content (Moreno and
Mayer 2007). Channel refers to a medium for supporting a way of experiencing course
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content, such as classrooms, computers, or mobile phones. A multichannel learning
space permits learners to access the same modality of course content through a variety
of channels (Mukhopadhyay and Parhar 2001). An MML environment is an integrated
platform where learners can access course content via attending in person, mobile apps,
websites, and so on, and course content can be experienced in a set of different modes
to suit the varying learning styles of learners.

However, though an MML space theoretically benefits students and is assumed to
be able to promote learning, the corresponding evaluation and empirical evidence are
missing in the literature. Many studies have examined how other learning spaces (e.g.
MOOCs or traditional classrooms) promote learning by measuring learning motivation
including self-efficacy (i.e. the expectation component), intrinsic and extrinsic motiva-
tion (i.e. the value component). Learners’ learning motivation and self-efficacy have
thus been regarded as a factor in learning space evaluation (Pintrich and Schunk 1996).
Therefore, to fill the mentioned research gap, the present study conducted intervention
research on 48 students at Shanghai Open University to explore the changes in their self-
efficacy, intrinsic motivation, and extrinsic motivation after they experienced learning
in an MML environment. The three variables of interest as indicators for the learning
space evaluation will be measured and analyzed in order to answer the research ques-
tion about whether an MML space enhances student motivation and self-efficacy that
promote learning.

2 Literature Review

2.1 Multichannel Multimodal Learning Environment

Learning spaces used to be defined as “brick and mortar” educational institutions where
course content was limited to be delivered synchronously (Graetz 2006). However, given
the increasing popularity of the Internet, the landscape of course content delivery has
been shaped; concepts such as e-learning and distance learning were developed. These
concepts represent a form of learning programs that present physical classroom-based
instructional content over the Internet. However, there still have been mixed results on
which way (i.e., traditional classroom or e-learning) is better for students. Some studies
showed e-learning is more likely to attract learners to experience and participate in
learning activities than traditional learning (Klesius et al. 1997), some studies also found
that learners are substantially less likely to complete online courses compared with face-
to-face traditional ones (Carpenter et al. 2004; Xu and Jaggars 2011; Zavarella 2008),
and others also showed that correlation between learner academic performance and the
two learning spaces is not significant (Thomas 2001).

In fact, the mixed results are not surprising or unexpected since learners represent
different generations, different personality types, different learning styles and have dif-
ferent preferences for ways of course content delivery (Graham et al. 2005). According
to Gardner (2011), intelligence is not a singular entity but is made up of multiple entities
in different proportions used by individuals to understand and to learn about the world,
which thus influences how people learn and leads to individual preferences in learning
situations. In other words, there is no absolute one type of learning space that is suit-
able to all types of learners; instead, there is a need to use “multichannel” approaches
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including face-to-face methods and online technologies delivering “multimodal” course
content that meet the needs of a wide spectrum of learners and allow them to engage
and experience learning in ways where they have preference, interest or ability and are
most comfortable (Picciano 2009).

In this context, concepts such asmultichannel andmultimodal learning environments
are developed. Modality refers to a way of experiencing course content such as text or
live streaming; multimodality is a set of different modalities of the same course content
(Moreno andMayer 2007). Channel refers to a device serving as amedium for supporting
ways of experiencing course content, such as computers or mobile phones; multichannel
learning space permits learners to access the same modality of course content through
a variety of channels (Mukhopadhyay and Parhar 2001). Accordingly, the present study
defines an MML environment as a multichannel access platform where learners can
access to learning via attending in person, mobile apps, websites, and so on, and course
content is made and delivered available across a large range of modes to suit the varying
learning styles of learners (see Fig. 1). MML will allow learners to find the right mix for
themselves out of all the possibilities in learning, no matter if they are offline or online,
synchronous, or asynchronous.

Fig. 1. MML environment integrating multi-modalities and multi-channels

2.2 Learning Motivation and Self-efficacy

Learning motivation has always been regarded as an important factor affecting learning
behavior (Pintrich and Schunk 1996) as well as an indicator to measure the quality of
teaching (Lee et al. 2010). From the perspective of learning motivation theory (Pin-
trich and De Groot 1990), learning motivation that can be applied to predict learning
behavior and measure teaching quality is mainly composed of two parts: the expectancy
component and the value component.
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The expectancy component refers to learners’ individual belief in and self-judgment
onwhether they can achieve their learning goals, which is identified as self-efficacy. Self-
efficacy was found to be highly correlated with learning motivation (Banfield and Wilk-
erson 2014). Many empirical studies show that (Zimmerman 1997; Schunk et al. 1987)
when students’ learning motivation (as an independent variable) increases/decreases,
their self-efficacy (as an outcome variable) also increases/decreases; when students’
self-efficacy (as an independent variable) increases/decreases, their learning motiva-
tion as an outcome variable also increases/decreases. For example, students with high
self-efficacy in subject A may not have the same self-efficacy in subject B; because of
this specificity, self-efficacy is regarded as an indicator of learning behavior in different
contexts (e.g. different subjects or learning settings).Moreover,Multon et al. (1991) con-
ducting a meta-analysis on 39 studies, pointed out that self-efficacy as the expectancy
component of learning motivation did have a significant impact on learning behavior
to which teaching quality is correlated. Therefore, in terms of learning behavior and
teaching quality evaluation, self-efficacy is an important indicator.

The value component can be divided into intrinsic motivation (internal goal orien-
tation) and extrinsic motivation (external goal orientation). Intrinsic motivation means
that conducting activities is driven by internal rewards that come from activities (such
as learning), such as challenge seeking, so there is no need for extraneous incentives.
Activities themselves are the major driving force (Husman and Lens 1999). Intrinsic
motivation was found correlated to and considered to have a positive impact on learning
behavior (Pintrich and Schunk 1996). On the contrary, extrinsic motivation refers to
learning motivation driven by external factors. Learners are not interested in learning
itself but are motivated by derivative values (e.g. praise or admiration) from its results
(e.g. good performance) (Brophy 2008). Similarly, extrinsic motivation was also found
positively associated with learning behavior (Deci et al. 1999). Therefore, in terms of
learning behavior measurement and prediction, both intrinsic and extrinsic motivations
are important indicators.

2.3 Learning Space Evaluation on Motivation and Self-efficacy

Learning space as a carrier of teaching and learning activities affects learning behavior
and teaching quality. Theoretically, as indicators to learning behavior prediction and
teaching quality measurement, self-efficacy (the expectation component), intrinsic and
extrinsic motivation (the value component) can also be used to evaluate the effectiveness
of learning spaces on learning behavior and teaching quality. That is to say, if learning
behavior and teaching quality is affected by a learning space, this impact can be reflected
by the change of learners’ learning motivation and self-efficacy.

Therefore, many studies have explored the correlation between learning motivation
and self-efficacy and learning spaces as evaluation research. Lepper (1985) and Zhang
et al. (2001) found that virtual learning spaces where learning activities were conducted
on computers can make learning more intriguing (compared with that conducted in face-
to-face ways) and increase the intrinsic motivation of learning. However, this result may
be attributed to the curiosity for technology given that virtual learning was novel at the
time. Mei and Hong (2011) established an online asynchronous learning space, where
students can interact with each other through discussion forums and message boards.
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Designed as a learning space evaluation, the study found that the space did not increase
learners’ intrinsicmotivation but extrinsicmotivation. The learnerswere foundmotivated
to learn by a sense of achievement derived from publicly helping others solve exam and
quiz problems, sharing good ideas and thoughts with others, and so on. Following the
research of Lepper (1985), Zhang et al. (2001), and Mei and Hong (2011), more and
more learning space evaluation studies (Sun and Rueda 2012; Alqurashi 2016; Valencia-
Vallejo et al. 2019) have used learningmotivation and self-efficacy as variables of interest
tomeasure the effectiveness of learning spaces on learning behavior and teaching quality.

Most studies using learning motivation and self-efficacy for learning space evalu-
ation in literature focused on single-channel (where course content is only accessible
through one channel such as classrooms or websites) single-modal (where course mate-
rials are only delivered in one mode such as texts or videos) spaces. However, research
on evaluating MML environments with learners’ motivation and self-efficacy is still
limited. Therefore, in response to the research gap, this study will focus onMML spaces
and explore their effect on students’ intrinsic and extrinsic motivation and self-efficacy
which reflects the spaces’ impact on learning behavior and teaching quality.

3 Methods

3.1 MML Environment at Shanghai Open University

In order to meet the needs of its diverse student body, Shanghai Open University has
built MML environments where course content can be delivered in multimodal forms
(e.g. text materials, videos, live streaming) across multichannel accesses to learning (e.g.
classrooms on campus, LMSwebsites, LMSmobile apps, distance, and on-site IRS). For
example, a class can be delivered in classrooms (a channel) as a face-to-face lecture (a
mode of vision, audition, and proprioception) and online through live streaming (a mode
of vision and audition) on LMS websites (another channel) at the same time. Instructors
and learners can also interact with each other through IRS mobile apps (another channel
with a mode of vision and audition). And the class then can be recorded as a video
(a mode of vision and audition) uploaded on LMS websites which learners can access
via mobile phones as well. The MML environments support instructors and learners
from the phase of course preparation through that of interaction during class to that of
supervision after class.

In the present case, a live-broadcasting platform plays an intermediary role that
bonds distance learners and on-site instructors and learners together with a chat room
for interactive texting and an instant audio/video call system, mimicing real-time com-
munication—which makes options of different modes and channels available for learn-
ers. Interactions of different modes (including texts in the chat room) on live streaming
would be recorded and uploaded on LMS platforms where learners and instructors can
watch the videos and interact asynchronously on the LMS forum. Moreover, not only
can the same lectures be delivered in different ways (i.e. multimodal forms), but also
learners are allowed to switch between different channels (e.g. they can have a flexible
combination of synchronous and asynchronous learning via different devices). There-
fore, MML learning experience is realized. The channels and modes the instructor used
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is shown in Table 1 below, indicating a high level of MML experience in the learning
environment.

Table 1. Mode-and-channel-usage pattern of the present case

Channels used Modes used

Classroom, Computer, &
Smartphone

The instructor delivered course
content in classroom and on a
live-broadcasting platform. The
live-broadcasting content would
be recorded and uploaded on
LMSs. Moreover, students
either in classroom or not can
interact with the instructor
synchronously via an IRS app

Text (vision), Face-to-face
lecture (vision, audition, &
proprioception), Video (vision
& audition), Live streaming
(vision & audition), IRS app
(vision & audition)

3.2 Research Design

The present study conducted intervention research where an MML space at Shanghai
Open University is considered an intervention; in order to explore the effect of the inter-
vention on the variables of interest (i.e., student learning intrinsic motivation, extrinsic
motivation, and self-efficacy), the differences between the variables before and after
experiencing learning in an MML space were analyzed.

48 students at Shanghai Open University consented to participate in the study. They
experienced learning without the intervention in the first half of the semester and with
the intervention (i.e. the MML space; see Sect. 3.1) in the second half of the semester.
Their self-efficacy, intrinsic motivation, and extrinsic motivation with and without the
intervention were surveyed through a questionnaire. The questionnaire was designed
upon Lane and Lane (2001)’s self-efficacy survey and Duncan and McKeachie (2005)’s
learning motivation survey and consisted of 14 items using a 5 point Likert scale. There
were 6 items for self-efficacy, 4 items for intrinsic motivation, and 4 items for extrinsic
motivation. Cronbach’s alpha for the self-efficacy items is 0.92 (shown in Table 2), that
for the intrinsic motivation items is 0.85 (shown in Table 3), and that for the extrinsic
motivation items is 0.84 (shown in Table 4. According to Kline (1999), the results
indicated that each group of items has good internal consistency (Cronbach’s alpha of
> 0.80), and the questionnaire is reliable.

Moreover, a statistical power analysis is conducted to make sure the sample size is
sufficient. According to Cohen (1988), the power is set to 0.8, the significant level is
set to 0.05, and the Cohen’s d is set to 0.8 (i.e. large effect size); finally, the minimum
sample size is determined to be 20.033, than which the sample size of the present study
is higher.
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Table 2. Result of reliability analysis on self-efficacy items

raw_
alpha

std.alpha G6
(smc)

average_r S/N ase mean sd median_r lower upper

0.92 0.92 0.92 0.65 11 0.018 4.3 0.7 0.64 0.88 0.95

Table 3. Result of reliability analysis on intrinsic motivation items

raw_
alpha

std.alpha G6
(smc)

average_r S/N ase mean sd median_r lower upper

0.85 0.86 0.83 0.6 6.1 0.034 4.3 0.7 0.61 0.79 0.92

Table 4. Result of reliability analysis on extrinsic motivation items

raw_
alpha

std.alpha G6(smc) average_r S/N ase mean sd median_r lower upper

0.84 0.83 0.81 0.55 5 0.037 3.5 1.2 0.53 0.76 0.91

These three variables of interest as indicators for learning space evaluation will be
measured and analyzed in order to answer the research question below:

Does an MML space enhance student motivation and self-efficacy that encourage
learning behavior?

Given the research question, three hypotheses are developed below:
H01: Students’ self-efficacy after the intervention of being exposed to an MML

environment is “less than or equal to” that before the intervention.
(Ha1: Students’ self-efficacy after the intervention of being exposed to an MML

environment is “higher than” that before the intervention.)
H02: Students’ intrinsic motivation after the intervention of being exposed to an

MML environment is “less than or equal to” that before the intervention.
(Ha2: Students’ intrinsic motivation after the intervention of being exposed to an

MML environment is “higher than” that before the intervention.)
H03: Students’ extrinsic motivation after the intervention of being exposed to an

MML environment is “less than or equal to” that before the intervention.
(Ha3: Students’ extrinsic motivation after the intervention of being exposed to an

MML learning environment is “higher than” that before the intervention.)

4 Data Analysis and Results

To test the hypotheses, the present study conducted a one-tailed t-test to analyze mean
differences between each of students’ self-efficacy, intrinsic motivation, and extrinsic
motivation without the intervention and that with the intervention.
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In the scope of descriptive statistics, self-efficacy, intrinsic motivation, and extrinsic
motivation in the second half of the semester (i.e., after the intervention) are higher than
that in the first half of the semester (i.e., before the intervention), see Fig. 2. Without
experiencing learning in the MML environment, the mean self-efficacy of students is
4.347 (out of 5), the mean intrinsic motivation is 4.333, and the mean of extrinsic
motivation is 3.469. On the other hand, with the intervention, the mean self-efficacy is
4.639, the mean intrinsic motivation is 4.661, and the mean extrinsic motivation is 3.630.

Fig. 2. Comparing students’ self-efficacy, intrinsic motivation, and extrinsic motivation before
intervention (blue bars) with that after the intervention (orange bars) (Color figure online)

In order to examine whether the differences are statistically significant (more specifi-
cally, whether students’ self-efficacy, intrinsic motivation, and extrinsic motivation after
the intervention of being exposed to theMML environment are “higher than” that before
the intervention—i.e., rejecting the null hypotheses), a one-tailed t-test is conducted,
and the results are shown in Table 5. In terms of students’ self-efficacy, the difference
is significant (p-value= 0.01535< 0.05); in terms of students’ intrinsic motivation, the
difference is significant (p-value = 0.007103 < 0.05). However, in terms of students’
extrinsic motivation, the difference is not significant (p-value = 0.2781 > 0.05).

Therefore, according to the results which reject the first two null hypotheses (i.e.,
H01 & H02), but fail to reject the third hypothesis, the present study concludes that an
MML space generally is capable of enhancing student motivation and self-efficacy that
encourage learning behavior; although the improvement on extrinsic motivation is not
statistically significant, in the scope of descriptive statistics, its change is still positive
(at least not negative) after intervention implementation.
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Table 5. One-tailed t-test on the differences in students’ self-efficacy, intrinsic motivation, and
extrinsic motivation between the second (i.e., with the intervention) and first half of the semester
(i.e., without the intervention)

Indicators Status N Mean t-value p-value

Self-efficacy Without the intervention 48 4.347 2.1947 0.01535*

With the intervention 48 4.639

Intrinsic motivation Without the intervention 48 4.333 2.5003 0.007103**

With the intervention 48 4.661

Extrinsic motivation Without the intervention 48 3.469 0.59065 0.2781

With the Intervention 48 3.630

\*p < 0.05*, **p < 0.01.

5 Discussions

According to the results, there are some points worth discussion. First of all, MML
environments were found able to improve students’ self-efficacy and intrinsic motiva-
tion, but not extrinsic motivation. This indicates that creating an MML space can add
“values on learning itself” but not create additional “instrumental value of learning.” For
example, a student who watches course videos because she personally believes they are
valuable for her chosen career is extrinsically motivated to learn. Being able to watch the
videos through different channels or assimilate the same content in different modes will
not affect the extrinsic motivation related to her career plan. On the other hand, since
both learning self-efficacy and intrinsic motivation are about learning itself, creating
an MML space can enhance the enjoyment of learning itself (i.e., increasing intrinsic
motivation) and help overcome obstacles to learning itself (i.e., increasing self-efficacy).
Students experiencing learning in the space will feel more efficacious and be motivated
intrinsically to learn.

Second, in the scope of descriptive statistics, the participants’ self-efficacy and intrin-
sic motivation before the intervention were high (i.e. 4.347 and 4.333 on a 5-point Likert
scale for self-efficacy and intrinsic motivation respectively). This points out a potential
lack of external validity of the present study, which may be attributed to participants’
self-selection bias that students consenting to make their learning-related behaviors be
measured are those who already were confident in or enjoyed learning and thus would
notmind their learning process to be analyzed.Moreover, it is also plausible that students
consenting to participate in the study are those who were open-minded to studying in
different spaces (including different modes and channels of learning), which may make
the MML space have fewer negative effects on the sample than general learners.

Finally, since motivation and self-efficacy are not only two factors that promote
learning, other factors such as self-regulation, self-determination, learning engagement
should be explored in future works in order to more comprehensively evaluate the effect
of MML environments on learning as a whole. Moreover, the factors were measured by
questionnaires, which only generated self-reported data. Given that MML is not only
about inputs (e.g. multichannel multimodal course content) to learning, but also about
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outputs of learning (e.g. multichannel multimodal data collection of students’ learning),
it is worth considering measuring the factors by collecting multichannel multimodal
data in an MML space. For example, self-regulation as a latent factor related to learning
behaviorwas foundmeasured throughmultichannelmultimodal data in literature.Malm-
berg et al. (2019) conducted a study collecting multichannel multimodal data (including
physiological data, video observations, and facial recognition data) to measure the types
of regulation of learning. Wise and Hsiao (2019) examined students’ regulation of lis-
tening and speaking by multichannel multimodal data such as click-stream data and
manually coded post content for argumentation (Azevedo and Gašević 2019). These
studies pointed out that measuring learning behavior through multichannel multimodal
output data of learning is promising and feasible for future works.

6 Conclusions

One of the core design principles of learning environments is to create settings strength-
ening the interaction between learners, course content, and instructors for enhancing
learning motivation and self-efficacy. Thus, learners’ motivation and self-efficacy are
usually measured to evaluate the effectiveness of learning space implementation. The
present study evaluated anMMLenvironment by conducting an intervention study on the
change of learning motivation and self-efficacy of students at Shanghai Open University.
The results showed that learners’ self-efficacy and intrinsic motivation can be enhanced
after experiencing MML interactions with course content. This indicated that building
learning spaces helping lecturers deliver MML experience is not only to meet learners’
needs (as the current generation of students has been getting used to a multichannel
multimodal way of interacting with daily information), but also to make learning a more
inherently interesting or enjoyable work that students feel more confident to do. The
present study on the effectiveness of MML environments provided evidence supporting
the popularization of MML spaces at educational institutions.
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Abstract. Reading is important for students, but despitemany effortsmade to pro-
mote it, Chinese students generally do not spend much time reading. We believe
the bottleneck lies in the difficulty of retaining students’ reading data, which
makes it difficult for teachers and parents to know, manage, and guide students’
reading behaviors. Therefore, we establish a tripartite intelligent reading platform
connecting schools, families, and students: schools assign reading tasks and give
instructions on the platform; students “punch in” on the platform before and after
the reading tasks; parents can get to check on their kids’ performance through the
platform and also keep encouraging and supervising them to read. The platform
has now been used in 110 schools in Guangzhou, and its significant effects are
proved by large-scale survey statistics. Compared with traditional ways that aim
at arousing students’ reading interest in the first place but are often eventually
defeated by students’ massive compulsory homework under China’s educational
system, our approach using mandatory methods is of great Chinese characteris-
tics. In the beginning, the students might be “forced” to read by family-school
collaboration. But gradually, external motivation would be transformed into inter-
nal motivation; students are becoming actively engaged in reading. In the future,
based on the platform, Chinese governments and research institutes are prepar-
ing to establish large databases concerning reading and student’s development,
which will hopefully make great contributions to educational decision-making
and scientific research.

Keywords: Students’ reading · Intelligent reading platform · Family-school
collaboration · Chinese characteristic · Large database

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 176–188, 2020.
https://doi.org/10.1007/978-981-33-4594-2_15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_15&domain=pdf
https://doi.org/10.1007/978-981-33-4594-2_15


Establishing a Tripartite Intelligent Reading Platform 177

1 Introduction

Reading is an important way for people, especially children and teenagers, to acquire
knowledge and increase wisdom. It is also an important way for a country and a nation
to develop their spirit and pass on their civilization. This is why many countries around
the world attach great importance to the promotion of students’ reading and take active
measures. Japan, for example, has legislated to ensure students’ reading since 1940s,
followed by USA in the 1980s and Korea and Russia around the early 2000s [1].

China advocated reading nationwide in the government work report of the state
council for the very first time in 2014 and has continued for the next six years [2]. In
2016, the first national file planning for civil reading during the 13th five-year period was
released, emphasizing on the highest priority of children [3]. MOE of China called for
extracurricular readinghalf anhour eachday for primary school students and anhour each
day formiddle school students [4]. In thewake of a series of policies, practices to promote
students’ reading are carried out in full swing across the country, amongwhich aremainly
two folds: one is to ensure hardware facilities including enough libraries, books, teachers,
and so on; the other is to organize varieties of reading activities to stimulate students’
interest. The practices to promote students’ reading around the world are nothing more
than these two kinds, but measures proved effective in other countries mostly failed
under Chinese circumstance. This is largely because in Chinese exam-oriented education
system, students are too busy coping with massive compulsory homework and barely
have extra time for reading, even though some of them are very fond of it. Likewise,
teachers and parents often give way to textbook studying and examination practicing,
even thoughmost of them are aware of the fact that extracurricular readingwill contribute
to improving test scores.Consequently, reading has not yet been able to place on students’
agenda.

As to how to promote Chinese students’ reading, it is a hard nut to crack. We assume
that the reason why traditional approaches which aim at arousing students’ reading inter-
est in the first place did notwork is that the basic time for students’ extracurricular reading
was not guaranteed. Organizing reading activities can only stir up students’ interest in
short-term training, but without consecutive follow-up measures to keep students’ eyes
on books, aroused reading interest will not last long. Thus, this kind of approaches is
unsustainable. To tackle this issue, wemust schedule extracurricular reading in students’
daily routine with mandatory supervision first before they develop their reading interest.
And only when students are constantly engaged in reading for a period of time, nomatter
forcedly or voluntarily, can they dig out the real fun of reading. Thus, the problem left to
be solved is to find a way for teachers and parents can know, manage, and guide students’
extracurricular reading. In the following sections, we are going to introduce a tripartite
intelligent reading platform that we establish to settle this problem, and its significant
effect for promoting students’ reading.

2 The Intelligent Reading Platform

According to the above analysis, in our perspective, the key bottleneck we face in the
promotion of students’ reading lies in the difficulty to obtain and supervise students’
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reading behaviors. If teachers and parents cannot know about students’ extracurricular
reading, theywill not be able tomanage and guide them [5]. Hence, themajor goal of this
platform is to preserve students’ reading behaviors and to enable teachers and parents
to monitor students cooperatively and make reading a daily must-do task for students.
The platform consists of three terminals: the school terminal, the student terminal, and
the family terminal (Fig. 1).

Fig. 1. The structure of the tripartite intelligent reading platform.

2.1 The School Terminal

The main role of the school terminal is to assign reading tasks to students and monitor
their behaviors. Through the school terminal, school teachers can deliver various reading
instructions, requirements, or guidance to classes or individuals under their charge, such
as the total amount of reading required to complete this semester, required book lists,
reading ratio requirements for each kind of books, suggested reading strategies and
methods, etc. Teachers, school administrators, and leaders in educational departments
can query the reading statistics of individuals, groups, classes, and schools within the
scope of their different access authorities, including the amount of reading, completion
for required books, the proportion of each type of books read, the use of strategies and
methods when reading, etc. Also, they can communicate with other people through the
platform. It should be noted that not only Chinese teachers can join the platform, but also
teachers of other subjects can recommend reading books and launch reading activities
related to the subject on the platform.
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2.2 The Student Terminal

The main role of the student terminal is for students to select books and complete their
reading report. On the student terminal, each student has their own account. After logging
on, students need to fill in their personal information including age, grade, gender,
reading interest, expectation for future development, etc. According to the students’
personal information and current reading statistics and teachers’ reading instruction, the
system will intelligently recommend books for the student. Notably, in consideration
of protecting students’ vision, we do not encourage e-reading, so our platform does not
provide online reading resources, but informs students of the library or bookstore where
they can borrow or purchase recommended printed books instead.

After students get the books, they begin to read them as required, and then log on to
the platform regularly to “punch in” and finish the reading reports. The reports mainly
include reading time, reading strategies and methods, reading impressions and gains,
and/or completing corresponding post-reading test questions assigned by the teachers.
In order to encourage students to use the intelligent reading platform,we also set up some
incentive mechanism. For instance, students who have completed a certain amount of
reading can earn and accumulate points which can be exchanged for small gifts. In this
way, students’ reading behaviors can be recorded.

At the same time, every student can see his/her reading status in the class on the
platform, and students who fall behind will receive a small reminder from the platform
encouraging them to catch up.

2.3 The Family Terminal

The role of the family terminal is to facilitate parents to see their kids’ reading status,
and then help teachers supervise and guide students’ extracurricular reading. Through
the family terminal, parents can query students’ reading data, communicate with the
teachers, and interact with their children, such as giving comments and likes to students’
works shared after reading.

The establishment of this platform is to solve the problem of data retention
of students’ reading behaviors, making students’ extracurricular reading “knowable,
manageable, and guidable” through the joint efforts of both teachers and parents.

3 Evaluation of the Platform’s Effect on Promoting Reading

Currently, with the support of policy from the education bureau, the reading platform
has been established in more than 100 primary schools in Guangzhou to carry out an
experiment of promoting students’ reading since the end of 2018. In order to evaluate the
effect of the platform, we conducted a survey between experimental schools (E schools)
and non-experimental schools (NE schools) in October, 2019.

3.1 Method

The surveymainly includes two aspects: one is the comparison on extracurricular reading
between the two types of schools’ students, including the awareness of the importance
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of reading, the investment of time in reading, the reading ratio of different kinds of
books, the use of reading strategies, the benefits from reading, etc.; the other is the
comparison on the supporting facilities and measures provided and adopted by schools
and families between the two groups, such as library resources, reading requirements,
reading guidance, etc.

According to the above two aspects of the survey, three questionnaires were designed
respectively for students, teachers, and parents. The questionnaires were distributed
through the Internet. The students, teachers, and parents of experimental schools and
non-experimental schools were randomly sampled. Among them are 12,902 students,
11,222 parents, and 470 teachers from experimental schools; 11,754 students, 10,118
parents, and 567 teachers are from non-experimental schools.

In order to ensure the authenticity of the data collected, the data of some items of this
survey had information sources from three or two aspects: students, teachers, and parents,
which were summed up in a weighted method in the calculation. For example, the data
of the students’ question of “how much time do you spend in reading extracurricular
books on average every day” will be given a weight of 0.5, and the same question
will also be asked for teachers (“how much time do your students spend in reading
extracurricular books on average every day”) and parents (“how much time does your
child spend in reading extracurricular books on average every day”), whose answers
are respectively given a weight of 0.25. If there are only two aspects of data (because
some questions are not known by all three kinds of respondents), the weight of the most
important information source (directly answering the question) is 0.75 and the weight
of the auxiliary information source (indirectly reflecting the question) is 0.25. The data
listed in the tables in this article are the final outcomes calculated according to the above
method. And all the data are fromWhite Paper on Reading for Primary School Students
in Guangzhou [6].

3.2 Result

Students’ Reading. AverageReadingTime.Asshown inTable 1, the number of students
who spent more than 30 min in reading every day (reaching the expected standard of
MOE) in the experimental schools was 45.94%, while that in non-experimental schools
was only 34.45%. We used a 2 × 2 chi-square test to prove that the difference was
statistically significant (χ2 = 368.79, p < 0.0001). It shows that the establishment of
the platform has substantial effect in promoting students’ extracurricular reading.

Table 1. The survey of students’ reading time.

Item How much time do you spend in reading
extracurricular books on average every day?

Options <15 min 15–30 min 30–60 min >60 min

E schools 7.10% 46.96% 38.18% 7.77%

NE schools 12.70% 52.86% 28.89% 5.56%
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Reading Interests. As shown in Table 2, the majority of primary school students like
extracurricular reading. Specifically, the number of experimental schools’ students
who “strongly like” extracurricular reading is significantly larger than that of non-
experimental schools (χ2 = 280.38, p< 0.0001), which means the platform has indeed
enhanced students’ interest in reading.

Table 2. The survey of students’ reading interest.

Item Do you like reading extracurricular books?

Options Dislike General Like Strongly like

E schools 0.98% 18.43% 46.92% 33.68%

NE schools 1.51% 25.17% 49.34% 23.98%

Awareness of Importance of Reading. As shown in Table 3, most of the students believe
extracurricular reading is necessary. And the difference between the experimental
schools’ and the non-experimental schools’ students who believe extracurricular reading
is “very necessary” is significant, as revealed by a 2 × 2 chi-square test (χ2 = 91.74, p
< 0.001).

Table 3. The survey of students’ awareness of importance of reading.

Item Do you think it necessary to read extracurricular books?

Options Entirely unnecessary It doesn’t matter Necessary Very necessary

E schools 1.78% 6.17% 52.37% 39.68%

NE schools 2.50% 8.10% 55.82% 33.58%

Reading Ratio of Each Kind of Books. As shown in Table 4, although more than three
quarters of primary school students prefer reading fairy tale and cartoon books, the num-
ber of students in experimental schools who prefer reading traditional cultural classics
and Chinese revolutionary stories has increased about 5%, which are favored by the
Chinese government.

Reading Strategies and Methods. The use of reading strategies andmethods can be seen
in Table 5. 2 × 2 chi-square tests demonstrated that students in experimental schools
can significantly better understand the passage through skimming (χ2 = 74.55, p <

0.001), read with questions in mind (χ2 = 36.36, p < 0.001), infer the meaning of new
words from the context (χ2 = 99.71, p< 0.001), and retell what they read to others after
reading (χ2 = 27.54, p < 0.01).
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Table 4. The survey of students’ reading ratio of each kind of books.

Item What kind of books do you read the most outside class? (Choose no more than 3 options)

Options Novel,
Prose,
&
Poetry

Fairy
tale, &
Cartoon
book

Science
fiction,
&
Suspense

History, &
Biography

Science, &
technology

Traditional
cultural
classic

Chinese
revolutionary
story

News

E
schools

36.26% 75.07% 34.39% 24.42% 35.71% 33.75% 11.07% 2.35%

NE
schools

35.71% 79.10% 30.02% 22.48% 32.81% 28.20% 7.51% 2.78%

Table 5. The survey of students’ reading strategies and methods.

Item Can you get a general idea of what you read by skimming?

Options Yes Sometimes No

E schools 45.71% 50.50% 3.80%

NE schools 41.57% 53.22% 5.21%

Item Can you read with questions in mind?

Options Yes Sometimes No

E schools 36.48% 58.58% 4.94%

NE schools 34.33% 59.65% 6.02%

Item Can you infer the meaning of new words from the context while
reading?

Options Yes Sometimes No

E schools 35.30% 57.95% 6.75%

NE schools 30.26% 60.50% 9.23%

Item Can you retell what you read to others after reading?

Options Yes Sometimes No

E schools 47.23% 49.14% 3.64%

NE schools 43.75% 51.90% 4.35%

Benefits from Reading. The educational effect of extracurricular reading can be seen
in Table 6. 2 × 2 chi-square tests demonstrated that students in experimental schools
believe reading significantly improves their Chinese proficiency (χ2 = 11.78, p< 0.01),
betters their understanding of the outside world (χ2 = 60.57, p < 0.001), helps them to
have a more positive mindset (χ2 = 58.52, p< 0.001), and promotes the quality of their
interpersonal relationships (χ2 = 38.31, p < 0.001).

In conclusion, students in the experimental schools with the intelligent reading plat-
form established becamemore interested in reading, spent more time in reading, became
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Table 6. The survey of students’ benefits from reading.

Item Does extracurricular reading improve your Chinese proficiency?

Options No help A little help Greater help Much greater help

E schools 0.95% 23.93% 42.40% 32.72%

NE schools 0.98% 25.86% 42.48% 30.68%

Item Does extracurricular reading help you understand the outside world better?

Options No help A little help Greater help Much greater help

E schools 0.64% 16.39% 42.66% 40.31%

NE schools 0.62% 19.67% 44.21% 35.49%

Item Does extracurricular reading make you more positive and optimistic?

Options No help A little help Greater help Much greater help

E schools 1.67% 18.53% 40.77% 39.03%

NE schools 1.52% 21.13% 43.02% 34.33%

Item Does extracurricular reading help you get along with others better?

Options No help A little help Greater help Much greater help

E schools 2.05% 20.34% 40.03% 37.58%

NE schools 1.74% 22.77% 41.70% 33.79%

more aware of the importance of reading, read more books with better quality and wider
range, learned to employ more strategies while reading, and most importantly, gained
more benefits through reading.

Reading Support from Schools. Emphasis from School Leadership. As shown in
Table 7, most school leaders attach great importance to students’ extracurricular reading.
Specifically, 68.09% of the leaders in the experimental schools has put a lot of emphasis
on reading, while only 51.32% leaders in non-experimental schools have done so. The
difference was significant, as revealed by a 2 × 2 chi-square test (χ2 = 29.83, p <

0.01), which suggests that the establishment of the platform is conducive to deepening
the understanding of school leaders on students’ reading, so as to better promote it at
the school level.

Table 7. The survey of attitude of school leadership towards students’ reading.

Item What is the attitude of school leadership towards reading?

Options Pay no attention General Emphasis High emphasis

E schools 0.21% 6.17% 25.53% 68.09%

NE schools 0.71% 11.29% 36.68% 51.32%
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Reading Supervision from School Teachers. As shown in Table 8, themajority of school
teachers make requirements and conduct inspection on the books that students read.
Concrete measures were taken by 70.29% of the teachers in the experimental schools
but only 51.32% teachers in non-experimental schools; the differencewas also significant
(χ2 = 8.41, p < 0.01). It suggests that the establishment of the platform facilitates the
performance of teachers’ duties.

Table 8. The survey of teachers’ supervision on students’ reading books.

Item Are there any specific requirements from teachers to make sure students
choose good books to read, especially the ones recommended by MOE, and are
there any measures by teachers to inspect students’ reading?

Options No requirement,
No inspection

Occasional
requirement, No
inspection

Regular
requirement, No
inspection

Regular
requirement and
inspection

E schools 0.53% 8.83% 20.36% 70.29%

NE schools 1.59% 10.72% 25.55% 62.14%

Reading Guidance from School Teachers. As shown in Table 9, the difference between
the numbers of teachers who have given concrete instructions to students’ reading in the
two types of schools was significant as well (χ2 = 119.49, p < 0.001).

Table 9. The survey of teachers’ guidance on students’ reading strategies and methods.

Item Do the teachers emphasize the importance of reading strategies and methods and
give specific instructions on students’ extracurricular reading?

Options No emphasis, No
instructions

A little emphasis,
No instructions

A lot of emphasis,
Few instructions

A lot of emphasis,
A lot of
instructions

E schools 2.54% 13.30% 35.57% 48.59%

NE schools 3.26% 17.94% 35.52% 43.28%

Reading Support from Families. Parents’Knowledge of Students’ Reading.As shown
in Table 10, more than two thirds of the parents know about their children’s reading, but
the number in experimental schools was still significantly higher, as revealed by a 2× 2
chi-square test (χ2 = 93.45, p< 0.0001), implying that the intelligent reading platform
makes the information of students’ extracurricular reading more transparent.

Parents’ Attitude Towards Students’ Reading. As shown inTable 11,most of the parents
are supportive of their children’s reading, and still, the number in experimental schools
is significantly higher (χ2 = 47.58, p< 0.001), demonstrating the fact that the platform
contributes to changing parents’ attitudes towards students’ extracurricular reading.
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Table 10. The survey of parents’ knowledge of students’ reading.

Item Do you know about your child’s extracurricular reading?

Options Know nothing Know a little Know a lot Know very well

E schools 1.93% 23.03% 43.49% 31.55%

NE schools 3.23% 29.56% 41.65% 25.56%

Table 11. The survey of parents’ attitude towards students’ reading.

Item What is your attitude towards your child’s extracurricular reading?

Options No support No concern Encourage Highly encourage

E schools 0.44% 2.60% 46.21% 50.75%

NE schools 0.44% 3.63% 50.08% 45.85%

Number of Books at Home. As shown in Table 12, the number of families in the exper-
imental schools who keep more than 50 books at home reached 61.49%, while that in
the non-experimental schools was only 47.55%. A 2 × 2 chi-square test revealed that
the difference was significant (χ2 = 397.36, p< 0.0001), which means the platform has
helped perfected students’ reading environments.

Table 12. The survey of the number of books at home.

Item How many books do you have in your home (excluding students’
textbooks and exercises)?

Options <20 <20 <20 <20

E schools 9.36% 29.16% 30.11% 31.38%

NE schools 18.63% 33.83% 26.15% 21.40%

Parents’ Ability of Reading Guidance. As shown in Table 13, limited as parents’ guid-
ance was, the ratio of parents in the experimental schools who can provide reading
guidance for their children was significantly higher when compared with that in the
non-experimental schools, as confirmed by a 2 × 2 chi-square test (χ2 = 25.28, p <

0.01).

Based on the above figures from both teachers and parents, conclusion can be drawn
that the establishment of the intelligent reading platform has indeed made students’
extracurricular reading more “knowable, manageable, and guidable” and effectively
promoted students’ reading through home-school collaboration.

Our intelligent reading platform was highly recognized by MOE of China in 2017
[7], and was popularized in Report on the Work of Guangzhou Government 2019 [8].
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Table 13. The survey of parents’ ability of reading guidance.

Item To what extent can you guide your child in extracurricular reading?

Options Under educated,
No guidance

Limited reading
experience,
Limited guidance

Limited time and
energy, Limited
guidance

Able to guide to a
great extent

E schools 4.07% 16.39% 40.23% 39.31%

NE schools 5.56% 18.09% 40.38% 35.97%

4 Discussion and Conclusion

4.1 The Role of the Platform

The difficulty in retention of students’ extracurricular reading behaviors, which results
in the difficulty in educational management of reading, has long existed and remained
unsolved. Though there are a great deal of intelligent reading platforms existing, they
without exception rely on electronic reading, which is not encouraged for a series of
disadvantages especially for young children. Comparatively speaking, our intelligent
reading platform is smartly designed, using incentivemeasures to have studentswillingly
“punch in” every time they read a book. In this way, students’ extracurricular reading
behaviors can be recorded as data.

The authenticity of students’ reading report on our platform is most frequently ques-
tioned, for students might exaggerate their reading in order to be praised. But in our
sense, this would not be a big problem, because too much exaggeration will be easily
spotted by the teachers and this kind of false would not last long. Most importantly,
we believe students can naturally develop their interest when engaged in reading for a
period of time, as will be discussed later; once they have inner incentive for reading,
they will not cheat any more. And to demonstrate our point, the survey we conducted
did not use the existing data on the platform but collected data by other means with more
than one source of information instead, and the results adequately testify the usefulness
of the platform in promoting students’ reading.

Moreover, the platform serves as a bridge for parents and teachers to communicate
with each other and to make mutual effort to supervise and guide students’ reading,
which is the most essential factor accounting for the growth of students’ reading. As can
be clearly seen in the data, the platform has successfully prompted school leaders and
teachers to implement reading supervision and surprisingly enhanced parents’ ability in
reading guidance.

4.2 Wisdom with Great Chinese Characteristics

Admittedly, this kind of approach establishing reading platforms in all schools of a
city by administrative order is apparently with great Chinese characteristics, which, in
other words, might not be able to borrow to other countries with a different national
system. But at the same time, this approach is well adapted to Chinese context. As
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mentioned in the introduction, nearly everything concerned students in China has to
give way to the college entrance examination. Students’ extracurricular reading, which
seems indirectly related to the examination and lacks certain urgency and coerciveness,
is easily marginalized. This is why many approaches proved effective in other countries
more often than not failed in China. To tackle this problem, we have to come up with a
way also with Chinese characteristics, that is to “force” students to read at the beginning
whether students like it or not.

Unique, weird, and even “politically incorrect” as it might be accused, our approach
has been proved successful by data. At first, students might be passively forced to read by
family pressure and peer comparison, because theywere afraid of criticism from teachers
and parents if they fell behind in reading statistics on the platform. But gradually, they
would be captured by the natural charm of reading and began to fall in love with it.
As can be seen in Table 1 and 2, students reading interest has increased. Put it in the
perspective of educational psychology, external motivation has transformed into internal
motivation. Henceforth, students would seek to read initiatively and independently. And
students’ reading abilities would be improved as well.

The wisdom behind this approach is the idea with great Chinese characteristics of
“Lovewhat youdo (read)” instead of “Do (read)what you love”,which iswidely different
from western “interest-oriented” learning belief [9]. This idea is also embodied in the
requirement of balanced reading; students are supposed to read as widely as possible,
including some salutary books they might not like.

4.3 Lasting Positive Impact

Furthermore, the establishment of our intelligent reading platform has long-lasing pos-
itive impact. As reading research is becoming a heated topic in education, psychology,
brain science, artificial intelligence, and other fields, the questions as to how to effectively
develop students’ reading literacy and how to explore and uncover the neuralmechanisms
of reading and the influence of reading on the all-round development of students have
now been major scientific topics drawing international academic attention. Our intelli-
gent reading platform solves the problem of retention of students’ reading data, which
not only contributes to breaking through the bottleneck in reading educational man-
agement, but also is conducive to boosting the scientific research of reading to achieve
fruitful results. In the future, based on our platform, governments and research institutes
are preparing to build the world’s first large database concerning students’ reading and
brain development, which hopefully make great contributions in providing service for
educational decision-making of the governments and reading-related scientific research
[10].
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Abstract. Under the circumstance of school closure due to the outbreak of
COVID-19, one of the greatest challenges for the sudden transition from tra-
ditional face-to-face teaching to fully online learning lies in students’ inadequate
capability in self-regulated learning (SRL). This study investigates how the first-
year undergraduate students regulated their online learning in an EFL Small Pri-
vate Online Course (SPOC) during the pandemic period. A revised version of
Jansen et al.’s (2018) Self-regulated Online Learning Questionnaire (SOL-Q) is
applied to collect information of the participants’ SRL ability. Results indicated
that the participants’ overall self-regulated online learning ability was generally at
an intermediate level, however there’s still room for improvement. Specifically, the
participants demonstrated limited capability in respect of meta-cognitive skills in
the preparatory phase and persistence. A positive correlation was found between
metacognitive skills and timemanagement. Teaching implications are provided on
how to improve students’ metacognitive skills, time management and persistence
in future online instructions.

Keywords: Online learning · Self-regulated learning · SPOC · COVID-19

1 Introduction

The COVID-19 pandemic has brought a profound influence on people’s life and edu-
cation is non-exception. On January 19th, Chinese Ministry of Education launched an
initiative entitled “Disrupted Classes, Undisrupted Learning” (Huang et al. 2020).

China is the first country to launch such a policy.Withmore than 278million students
shifted to online learning, technology has made it possible to mitigate the crisis of
COVID-19 and provide “undisrupted learning” (UNESCO IITE, 2020). Massive Open
Online Courses (MOOCs) and other forms of online learning such as Small Private
Online Courses (SPOCs), once a supplement to traditional classroom teaching quickly
shifts into a replacement for it overnight. Due to the autonomy of students in this type
of education, students are required to regulate their learning to a greater extent than
students in traditional, face-to-face education.
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1.1 SRL in MOOCs

SRL refers to students’ systematic effort tomanage their learning process to achieve goals
(Pintrich 2004; Zimmerman and Schunk 2011). Research indicates that self-regulation
is of critical importance in determining students’ successful learning experiences in an
online learning environment (Cho and Kim 2013). Self-regulated learners effectively
manage their time and learning resources. They set goals, plan ahead, and consistently
monitor and reflect on their own learning process (Pintrich 2004; Zimmerman 2011).

Massive Open Online Courses are courses offered by universities on designated
MOOCplatforms (e.g., edXandCoursera). They are a particular formof online education
in which a great amount of autonomy are provided (Hew and Cheung 2014; Kizilcec and
Halawa 2015). SRL becomes of greater importance for learner success when the learning
process is less externally regulated by the teacher (Jansen et al. 2018). Learners must
thenmanage their learning to a greater extent, making SRLmore critical (Beishuizen and
Steffens 2011; Wang et al. 2013). The necessity of SRL in MOOCs in combination with
the increased number ofMOOCs offered (Allen and Seaman 2016) hasmade researching
learners’ SRL in this context valuable. Initially, research on SRL in MOOCs and other
forms of online education made use of questionnaires, showing positive correlations
between self-reported SRL activity and course completion (Wang et al. 2013; Yukselturk
and Bulut 2007).

1.2 SPOC

Small Private Online Courses (Fox 2013) are small-scale online courses and represent
a specific, defined form of fully online education. Fillius et al. (2018) argue that Small
Private Online Courses (SPOCs) may be a type of online learning for higher education
that has good potential to promote deep learning. SPOCs have a fixed start- and end
date, with an instructor scaffolds the students through the learning process. SPOC do
not emphasize the various and complete of resource, but emphasize on personalized
characteristics of resources (Armando and David 2014).

SPOC is a new hybridmode of the integration of online learning and traditional class-
room for small scale, specific population by using MOOC resources and online evalu-
ation, communication and other functions (Teplechuk 2013). Since 2013, the domestic
colleges and universities have conducted about SPOC teaching attempt. A total of 85
SPOC/MOOC courses from 51 universities are on line on Chinese MOOC platform
(Wang 2016). The relevant SPOC construction has been the bridge of MOOC lesson
from the “platform technology” to “classroom teaching” (Bulfin et al. 2014). However,
according to online SPOC courses and literature on SPOC, most researches and con-
structions of SPOC still stay at the stage of providing curriculum resources for learners
(Caswell et al. 2008), and lack of monitoring and learning evaluation methods (Downes
2013). Filius et al. (2018) found that during the delivery phase of the SPOC, instructors
found it difficult to monitor the progress of their students and find out what students
needed.
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1.3 Current Study

Little empirical research has been conducted in SPOC with regard to SRL. Learners
however often struggle to successfully regulate their learning process. Due to the auton-
omy provided to learners in SPOCs, learners are required to regulate their learning to a
greater extent than students in traditional, face to face education. It is therefore impor-
tant to measure learners’ SRL in SPOCs, especially during the pandemic period when
courses at all levels are completely given online. This study presents a SRL investigation
implemented in a SPOC College English II to measure learners’ SRL in the home study
context during the pandemic period.

2 Research Design

2.1 Research Questions

Based on the research purpose, three research questions were formulated:

1. What is the status quo of students’ overall self-regulated online learning ability?
2. What are students’ self-regulated online learning ability in terms of the seven sub-

scales?
3. Are there correlation between students’ abilities in the seven sub-scales?

2.2 Participants

The teaching experiment with the questionnaire survey took place in March of 2020.
Four classes of undergraduate students from Zhongkai University of Agriculture and
Engineering (ZKU) were randomly chosen to participate in the present study (245 stu-
dents in total). Theywere first-year non-Englishmajors who had just passed the National
College Entrance Examination. They had taken the course of College English I in the
previous semester and were already familiar with the teaching style of their English
teacher.

2.3 Research Instrument

The research instrument in the present study is a questionnaire adapted from the Self-
regulated Online Learning Questionnaire – Revised (SOL-Q-R; Jansen et al. 2018). As
is initially developed for fully online courses with a focus on individual learning act
ivities, they argue that it is transferable for similar settings (Jansen et al. 2016). The
questionnaire is originally consisted of 42 items divided over 7 scales: metacognitive
activities before learning (7 items, α= 0.87), metacognitive activities during learning (7
items, α = 0.80), metacognitive activities after learning (6 items, α = 0.85), time man-
agement (5 items, α = 0.69), environmental structuring (4 items, α = 0.81), persistence
(7 items, α = 0.86), and help seeking (6 items, α = 0.92). It was adapted and trans-
lated into Chinese by the present author into 30 items which also includes 7 scales of
students’ meta-cognitive activities before learning, students’ meta-cognitive activities
during learning, students’ meta-cognitive activities after learning, time management,
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environmental structuring, persistence and help seeking. The rationale behind this adap-
tation is that since the SOL-Q-R was developed by Jansen et al. for the evaluation of
the learners’ self-regulated online learning it is suitable for this similar setting, how-
ever in order to help the EFL learners to get a better understanding and to achieve better
validation, the present authors translated it into Chinese before the investigation. Dur-
ing the translation, there was slight adaptations, some items with similar function were
combined together, some were deleted, wording were adjusted and finally the present
questionnaire were consisted of 30 items (see Table 1).

Table 1. Questionnaire adapted from SOL-Q-R

SOL-Q scales Phases No. of items Items

Meta-cognitive skills Before learning 4 1, 2, 3, 4

During learning 6 5, 6, 7, 8, 9, 10

After learning 5 26, 27, 28, 29, 30

Time management 3 11, 12, 13

Environmental structuring 4 14, 15, 16, 17

Persistence 4 18, 19, 20, 21

Help seeking 4 22, 23, 24, 25

Students were instructed to respond to the items on a 5-point Likert scale (1 =
strongly disagree to 5 = strongly agree) in terms of their behavior in the SPOC College
English II. As is shown above in Table One, the whole questionnaire includes seven
sub-scales, three phases and 30 items. they are the scale of meta-cognitive skills before
learning (4 items),the scale of meta-cognitive skills during learning (6 items), the scale
of meta-cognitive skills after learning (5 items). The above three sub-scales also refer to
the three phases in the meta-cognitive skills respectively. Besides, there are the scale of
time management including 3 items, the scale of environmental structuring 4 items, the
scale of persistence 4 items and the scale of help seeking 4 items.

2.4 Procedure

The teaching materials of the present SPOC was consisted of two parts. The first part,
from Weeks 1 to Week 6, which amounted to 30%, was a SPOC borrowed from an
open online course Internet and College English provided on one of the leading MOOC
platforms in China——iCourse (https://www.icourse163.org/). It included five modules
of technology-enhanced listening, speaking, reading, writing and translating. The teach-
ing materials of Week 7 to Week 16, College English II, which amounted to 70% was
provided by the ZKU’s teachers on the platform Chaoxing. The teaching content of the
present study is shown below (Fig. 1).

In Week 4, a live class on oral English was synchronized which meant all students
of the same class attended the online classroom at the same timeslot and had real-time

https://www.icourse163.org/
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Fig. 1. Teaching material of the present SPOC College English II

interactions. During the class, the teacher, TA and the students met online and practised
oralEnglish by sharingopinions on certain topics preparedby the teacher.After the online
class, the students continued to make improvement on their oral English homework and
oral task of recording a dialogue with one or more of his classmates under the instruction
given to them during the online class. There were homework assignments weekly in
accordance. The students should finish the homework and upload the documents to the
e-learning platform (ChaoXing) .

The questionnaire was added as a voluntary activity at the end of Module 2, which
was exactly at the end of the live class in week 4. Learners were invited to fill out the
questionnaire as a voluntary activity within the learning environment. Among the 245
students who participated in the live class, a total of 141 learners filled out the SOL-Q,
in terms of their behavior in the specific SPOC College English II class. Responses of
141 students were finally used for analyses (Mean age = 19, 80% male). In this case
study, the materials and research data were obtained from the class in March 2020.

2.5 Data Collection and Analyses

Online questionnaire tool Wenjuan Wang (https://www.wenjuan.com) was adopted to
deliver the present questionnaire and collect data back. One sample T-test (a chosen
value of 3.75 is determined, since it’s a 1–5 scale questionnaire, the researcher regard
as upper intermediate as above 75% and is therefore 3.75) was conducted to analyze
the students’ SRL in terms of the 7 scales, and comparison were made between each
scale in SOL-Q-R. Furthermore, a Pearson correlation study was conducted to analyze
the correlation between the seven scales of the self-regulated learning in the SPOC.
M-score, T-score and Pearson correlation analysis were used as statistics.

https://www.wenjuan.com
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3 Results and Discussion

The results of the analyses indicate that the learners’ overall SRL is generally at an
intermediate level, but there is still room for improvement for some specific scales.
Meta-cognitive skills during the learning process and environmental structuring in the
SOL-Q-R are generally at an upper intermediate level. However, the scores of scale
meta-cognitive skills before the learning process, time management, persistence and
help seeking witness a comparatively lower level. A positive correlation was found
between metacognitive skills and time management.

3.1 Overall Performance of Students’ SOL

Table 2 presents the mean score and the one sample T test results of learners’ SOL in
the SPOC (see Table 2).

Table 2. One sample T-test results of learners’ SRL in the SPOC

SOLQ scales M SD P (two tailed)

Metacognitive skills 3.97 0.81 3.74161E−10**

Activities before 3.86 0.80 0.180

Activities during 3.98 0.77 1.7538E−05**

Activities after 3.96 0.85 0.007*

Time management 4.01 0.79 0.079

Environmental structuring 4.17 0.81 0.003*

Persistence 3.87 0.82 0.100

Help seeking 3.99 0.87 0.054

Note: The mark “*” indicates significant difference, while
“**” indicates very significant difference.

The results of SRL analyses indicate that the learners’ overall SRL is generally
above an intermediate level (mean score = 3.97, SD = .81, p < .01), which indi-
cates that learners’ SRL measured in this SPOC is significantly above the intermediate
level. A closer observation on the three sub-scale of meta-cognitive skills, metacogni-
tive activity before, during and after learning indicates that learners report significantly
higher level of SRL during (mean score = 3.98, SD = .80, p < .01) and after learning
(mean score = 3.96, SD = .80, p < .05), the scale environmental structuring (mean
score = 4.17, SD = .81, p < .05) also show an upper intermediate level. However,
students differ in their abilities to accurately regulate their learning (e.g., Azevedo and
Cromley 2004). There is still room for improvement for most of the scales, which are
not significantly higher than an intermediate level. The scales metacognitive activity
before learning, the scale time management, the scale persistence and the scale help
seeking are not significantly higher than an intermediate level, which indicates that
there is still room for improvement.
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3.2 Students’ Abilities in the Seven Sub-scales

Table 3 presents items that rank the highest in the result of learners’ SRL in the SPOC .

Table 3. Top 5 items that ranks the highest in the result of learners’ SRL in the SPOC

Scales Items M SD

ES 15. I find a comfortable place to study for this online course 4.29 0.72

ES 16. I have a regular place set aside for studying for this online course 4.23 0.89

P 12. Even when materials in this online course are dull and uninteresting, I
manage to keep working until I finish

4.17 0.76

ES 14. I choose the location where I study for this online course to avoid too
much distraction

4.13 0.78

MSD 9. I ask myself questions about how well I am doing while learning
something in this online course

4.03 0.74

Note: In Column 1 the scale “ES” stands for Environmental structuring, “P” stands for
Persistence, “MSD” stands for meta-cognitive skills during learning.

As is shown in the above table, items at the top list are mostly concerning with the
scale of environmental structuring, which amounts to 60%, with three out of the total
five items. Among the tops five items, learners apparently display better management in
their environmental structuring, with Item 15 “I find a comfortable place to study for this
online course.” rank the highest, Item 16 “I have a regular place set aside for studying
for this online course.” ranks the second, and Item 14 “I choose the location where I
study for this online course to avoid too much distraction.” being the fourth. According
to Williams and Hellman (2004), the openness in time and place makes students solely
responsible for their time and environment management. This may indicate that learners
stick great importance to a suitable environment for online learning, while at the same
time it also demonstrate a truth that with the development of China’s economy, today’s
youngsters in China put more emphasis on the suitable environment for learning in the
home study context.

The persistence factor “Even when materials in this online course are dull and unin-
teresting, I manage to keep working until I finish.” ranks the third in the top five list,
which reports learners’ effort to persist on finishing the learning tasks regardless of its
dullness. There are views that, SPOC = Classroom + MOOC (Armando and Berkeley
2013). In the home study context, SPOC is actually a compulsory course on campus for
the students and specific learning goals and requirement are given by the instructors at
the beginning of the course. In order to pass the course and earn the credit, strict regula-
tions are needed. Finally, the meta-cognitive skill in the performance phase “I askmyself
questions about how well I am doing while learning something in this online course.”
is listed on the fifth of the list, this displays learners’ learning strategy of self-reflection
during the learning process. This may be explained by the learners’ self-awareness in
the learning process, which in another way may also indicate that learners are motivated
to learn the course.
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Table 4. Top 5 items that ranks the lowest in the Result of learners’ SRL in the SPOC

Scales Items M SD

MSB 4. I set short-term (daily or weekly) goals as well as long-term goals
(monthly or for the whole online course)

3.7 0.87

P 19. When I am feeling bored studying for this online course, I force
myself to pay attention

3.72 0.89

HS 25. When I do not fully understand something, I ask other course
members in this online course for ideas

3.77 0.97

MSA 26. I ask myself how well I accomplished my goals once I’m finished
working on this online course

3.82 0.9

MSB 3. I set specific goals before I begin a task in this online course 3.82 0.77

Note: In Column 1 the scale “MSB” stands for Meta-cognitive skills before learning, “P” stands
for Persistence , “HS”stands for help seeking, “MSA” stands for Meta-cognitive skills after
learning.

Table 4 presents items that rank the lowest in the result of learners’ SRL in the SPOC.
As is shown in the above table, items with the lowest score are much more diverse.

Among the five items, there are totally four scales on concern, with two items con-
cerning meta-cognitive skills (activities before learning), one with meta-cognitive skills
(activities after learning), persistence and help seeking respectively.

Meta-cognitive skills in the preparatory phase witnesses the lowest in the list. This
skill concerns goal setting and task definition, which are often carried out by the lecturer
in traditional education (Jansen et al. 2016). The lack of such skill may indicate that
learners are still not used to the online learning model. Owing to the sudden outbreak of
the epidemic, students are confined to have online course at home, however, most of them
haven’t got much online learning experience and haven’t receivedmuch training to adapt
themselves to the online learning setting. Persistence factor “When I am feeling bored
studying for this online course, I force myself to pay attention.” ranks the second lowest.
This item reports students’ absent-mindedness during the learning process, which may
indicate that without specific learning goal learners’ persistence may be at a lower level.
The scale help seeking “When I do not fully understand something, I ask other course
members in this online course for ideas.” ranks the fourth lowest. That the Chinese
students are quiet and rarely raise questions is a common phenomenon in traditional
classroom which are usually labeled as “being shy”, however the lack of motivation to
know the truth behind this phenomenon cannot be ignored. Meta-cognitive skill during
learning “I ask myself how well I accomplished my goals once I’m finished working
on this online course,” ranks the fifth lowest. According to Zimmerman (2002), self-
regulating students reflect on their performance by comparing their achievements to the
goal they set. This indicates the close relation between the two meta-cognitive skills
before learning and after learning. Learners in the present study are not good at setting
either long-term goals or short-term goals at the beginning of the course, which may
result in the lack of reflection after learning.
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3.3 Correlation Between the Seven Sub-scales

Table 5 presents the results of a Pearson correlation study between the seven scales of the
self-regulated learning in online learning based on the survey result of the questionnaire.

Table 5. Correlation between the seven sub-scales of SRL measured.

Scale Before During After Time Environment Persistence Help

Before 1 0.800 0.734 0.803 0.658 0.735 0.671

During 1 0.782 0.854 0.708 0.746 0.662

After 1 0.812 0.751 0.730 0.777

Time 1 0.710 0.737 0.712

Environment 1 0.627 0.683

Persistence 1 0.638

Help 1

Correlations were analyzed between each two scales of SRL on learners’ online
learning performance. As is shown in the above table, correlation coefficient values
is above .620 between each two scales among the seven scales of SRL, which is in
alignment with previous research, “Self-regulated learners are actively involved in their
own learning process, not only during learning (performance phase), but also before
(preparatory phase), and after learning (appraisal phase)” (Jansen et al. 2018, p. 116).
Correlation betweenmetacognitive skills before learning andmetacognitive skills during
learning witnesses quite high positive correlation (r = .80), which may indicate that the
skills of goal setting and course planning in the preparatory phase will influence the
students’ learning performance. This finding is also in alignment with the previous
findings that self-regulating students reflect on their performance by comparing their
achievements to the goal they set and based on this evaluation, students adapt their
study strategies in the-sometimes very near-future (Zimmerman 2002; Pintrich 2000;
Winne and Hadwin 1998). Another high positive correlation lies between the scale
time management and metacognitive skills at all phases. The correlation coefficient
values between them are all above .80, which indicates very strong correlations between
the scale time management and the scale metacognitive skills before learning, during
learning and after learning. The scale time management is therefore a very important
factor for self-regulated learners who are actively involved in their own learning process.

4 Conclusion and Implications

As Allen and Seaman (2016) pointed out that the necessity of SRL in MOOCs in com-
bination with the increased number of MOOCs offered has made researching learners’
SRL topical and valuable. This is even more true for SPOC in the home study context.
The present study investigates how learners self-regulated their online learning in an EFL
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SPOC during the pandemic period. After the outbreak of COVID-19, one of the greatest
challenges on campus students are suddenly forced to face lies in students’ inadequate
capability in self-regulated learning (SRL). Four classes of first year undergraduate stu-
dents were randomly chosen to participate in the present study. Results indicated that the
participants’ overall self-regulated online learning ability is generally at an intermediate
level, however there’s still room for improvement. Specifically, the participants demon-
strate limited capability in respect of meta-cognitive skills in the preparatory phase and
persistence. This requires additional training on goal setting and course planning of
students enrolled in SPOC compared to students in traditional education. A positive
correlation is found between metacognitive skills in all phases and time management. It
is suggested that future online instruction focus more on a much more detailed direction
with guidance step by step on improving students’ time management, metacognitive
skills in the preparatory phase, the performance phase and the appraisal phase. The pos-
itive correlation between each two scales also indicates that improvement on any of the
scales will bring positive effect on the other scales. Instructors should therefore strive to
help learners improve their SRL in SPOC in the home study context.

5 Limitation

It’s a little bit pity that the present study only collected 141 questionnaires out of the
141/245 participants that filled in questionnaires, probably owing to the fact that it is a
voluntary activity at the end of the live class. In future research, the researcher would
try to collect data in a more effective way, for instance, by giving bonus to students who
fill in the questionnaire.

Acknowledgement. My heartfelt thanks go to the four anonymous reviewers and Professor Chen
Zexuan from Southern Medical University for their invaluable feedbacks on earlier versions of
this paper.
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Abstract. International courses in physical classroom tend to be infeasible under
the influence of epidemic diseases, such as the COVID-19. Consequently, the tran-
sition of teaching activities to online events, which is advantageous in reducing
transportation and other expenses, has been acknowledged as an effective and
practical solution. However, it also brings new challenges to the teaching in quar-
antine for vocational education and training, because most of learners at their
working places may need to do other things in the online environment during
their online class time, such as temporary works, attending meetings and receiv-
ing instant messages. In addition, they are usually from different cultures and
time zones. Therefore, it is reasonable to create online engaging learning expe-
riences with some careful planning. Taking the International Distance Training
Course on Short-term Climate Monitoring and Prediction in Disaster Prevention
and Mitigation (from 17th to 31st, May, 2020) as an example, this paper intro-
duces some relevant practical instructional designs, collaborative methods and
interactive techniques for improving learning experiences online, and analyses
their effects.

Keywords: Online learning · Collaborative tools · Student engagement ·
Vocational training · Instructional design

1 Introduction

Meteorology and Hydrology are usually recognized as disciplines within the global
scope, and their related works depend majorly on worldwide cooperation and collabora-
tion. The interest amongmeteorologists and hydrologists from the NationalMeteorolog-
ical and Hydrological Services (NMHSs) in attending international training courses on
atmospheric science is increasing steady. And their attendances are aiming to strengthen
expertise and communicate experience especially on the global data collection, applica-
tion and sharing. China Meteorological Administration Training Centre (CMATC) has
been conducting a range of international courses face-to-face for trainees as the Beijing
Component of WMO Regional Training Centre (RTC) and one of the WMO/CGMS
Virtual Laboratory Centers of Excellence (CoE). However, those courses are prone to
be strongly affected by some unexpected factors, such as transportation budget, traffic
delay, natural disaster, and epidemic disease. As a result, their planning flexibility is
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sometimes relatively insufficient, especially in the case of established schedule change
during the execution process.

According to Parrish (2008), online learning has been an important force in help-
ing the meteorological community share knowledge and experience while facing the
new challenges and opportunities of instructional innovations. Spangler (2008) holds an
opinion that there is no single way to best educate both emergency professionals and
the general public, but distance learning is one technique that has proven successful in
reaching large numbers of people. Kelsch and Laing (2011) emphasize that, web-based
modules are used extensively worldwide by students and instructors in the university
community, as well as professionals and enthusiasts in both government and private
enterprise. Therefore, a series of online international courses with carefully planning
have been released in succession by CMATC from the beginning of 2020, based on the
experiences and lessons learnt from former experimental attempts.

1.1 Background

The primary role of universities is to develop background knowledge and critical thinking
skills rather than prepare students for specific job tasks, and some universities provide
students with knowledge ofmeteorology and/or hydrology [1]. It is the services provided
by all the NMHS training departments and third parties that ensure trainees are well
equipped with expertise and competencies. However, the contradiction between work
and study is usually an inevitable issue that vocational training suffersmost. In addition to
the threshold of professional specialty and the need to comprehend abstract and complex
theories, mastering weather related operational technologies and methods in a shortened
term brings the education and training practitioners more challenging works.

1.2 Transitional Trend

Taking the meteorological education and training events sponsored by the Chinese mete-
orological departments as examples, online meteorological courses have been designed
and carried out initially in the form of audio/video broadcasting over Internet/Intranet in
domestic scope. On the other hand, international training courses are generally designed
as face-to-face events and have been executed for decades. In order to distinguish the
differences of the online international course and the previous courses, domestic online
course and international face-to-face course are considered as “traditional courses”
within this paper.

Recently, team building for professionals and capacity building in education and
training become the priorities of meteorological tasks, which benefits from the modern-
ization development proposal to boost meteorological services. As a result, the condition
for conducting international online education and training is ready. In order to carry out
online international course normally, some experimental works started in 2018, and
the “distance learning course on the maintenance of meteorological observation instru-
ments” was launched firstly. That course unexpectedly gained far more trainees, nearly
10 times, than common face-to-face course at the same period, for the advantages in
recruiting trainees and overcoming geographical barriers.
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However, the traditional ways of training related to physically attending classroom,
including international face-to-face courses, are infeasible due to the issues like travel
security and high cost, facing the unexpected global epidemic disease, especially the
COVID-19. As a result, most of the courses trend to be transplanted online. However,
some feedbacks from learners complain about the reduction of training quality, in terms
of insufficient interactivities, network disturbing and concentration distracting. There-
fore, there should be some improvement to create engaging learning experiences online
with careful design, based on the previous international course practices.

1.3 New Challenges

More challenges for improving international online learning experiences need to be dealt
with, which are: 1) Located in different time zones, learners keep independent schedules
and routines; 2) Learners are fromdifferent cultures and backgrounds, hence there should
be relatively high capability requirements for cross cultural communication; 3) Learners
from Asia, Africa and Latin America used to report their limitations in local network
bandwidth, and intermittent online multimedia resources or file submission. In addition,
the situation that learners may be at work when some online education and training
events are conducted cannot be ignored.

2 Instructional Designs to Hatch Engagement

The transition to online course is a comprehensive reconstruction process from the
present state, and methods like pushing all the face-to-face components online while
keeping the whole structure intact sometimes yield insignificantly. The aim of instruc-
tional design is to identify optimal solution for its strategy and training needs, solve or
avoid problems and arrange suitable resources in a specific situation. As Parrish and
Spangler (2008) propose educators and trainers to focus on the essence of learning, not
just technology, instructional designing benefits the whole course.

2.1 Triggered by Participants’ Demands

Course engagement usually determines its learning experience, and it varies according
to some learners with different backgrounds and interests. Pre-training questionnaire is
recognized as an effective method in reflecting whether and to what extent the training
program satisfies the demand of learners. And it also provides a clue for instructors to
know the general condition and level of students before courses start. Learners tend to
show greater interest and report better learning experiences and outcomes, if the courses
are tailored according to their own levels. Moreover, learners can shorten the process of
evoking past memories and knowledge that are kept in long term storage, and quickly
get into their learning states with the aids of questionnaires.

The questions in pre-training questionnaires involve: The highest academic degree
you are awarded? Howmany years have you worked in your current organization? Have
you ever attended this or other organizations’ training courses before? Have you ever
attended training programs you consider very useful for your current career? Have you
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ever attended similar trainings before? What subjects would be organized in the future?
What do you consider interesting for yourself or your colleagues in your organization
that you would like to attend? What is the most favorite topic for you?

Besides, post-training questionnaires can also provide supplementary information to
determine the needs for further instructional design. According to the “learning cycle”
[1], the progression of assessing and evaluating the learning process stage represents the
current needs and outcomes, and it can also assist to identify the learning needs of next
stages. So, the collection and analysis of demand help improve the learning experiences
in a cycle.

2.2 Using the Engagement Curves

Learners have different thoughts and feelings when they first become engaged, when the
pattern of the instruction becomes evident and accepted (or resisted), and when learning
is approaching its culmination [2]. Parrish (2008) points out that narrative diagrams
can help plan for a learning experience which will have necessary structure to develop
deep engagement and a fulfilling outcome by plotting the sequence of topics and learning
activities. In this case, the diagram created can be called the engagement curve, depicting
the story during the learner’s journey into the pending knowledge.

Figure 1 illustrates the narrative diagram in preparing this online course. The Y-axis
in the diagram is used for fictional narratives, and it typically describes the level of action
or complication. From the perspective of engagement curve, the course was designed to
be decomposed into 11 activities, based on the social constructionist education concep-
tion. And every module in the middle stage was used to frequently stimulate the initial
engagement and try to avoid any potential experience consumption.

Fig. 1. The engagement curve in preparing the online course.
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2.3 Framework Construction and Knowledge Sharing

A well planned online international course indicates that its knowledge framework
accords with the cognitive law of learners, which means that learners may follow a
set of directed sequence or mapped route for navigation. And instructional designers
work on embedding the learning resources and modules to their right contexts to make
sure confusion clearing, otherwise learners may feel difficult to follow the schedule and
reduce their enthusiasms and finally the learning experiences.

Disaster risk reduction is noted as one of the priority areas of WMO strategic objec-
tives, which are considered to determine the long-term success of the WMO Global
Campus initiative. And this course works as a part of the meteorological education and
training communities, and contributes to the WMO Global Campus in resource shar-
ing. The course aim is to enhance the trainees’ understanding in meteorological disaster
prevention and mitigation, provide the trainees with related operational approaches on
short-term climate prediction, and enhance the technical exchange and future cooper-
ation in the meteorological field. After it, participants would be able to build up tech-
nical knowledge on short-term monitoring and prediction approaches, and get a better
understanding on meteorological disaster prevention and mitigation.

2.4 Collaboration Network Identification and Utilization

In the context of online international training, teamwork collaboration can be viewed
as a virtual network based on the relationships among participants and events, and all
mutual actions online such as tutor support, peer support, comment and reply are also
regarded as links of relationships.

Fig. 2. The teamwork collaboration network map in online course.
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Figure 2 shows a map of collaboration based on the data from this course using one
of the Pivot MDS [8] algorithms. The number of vertices is 419, and the total number of
links is 13,856. The average degree is one of the critical factors to measure the network
tightness and scale, which is representative of engagement and even learning experience,
and in this case it is 66.14. Although the ideal state of network is full connection, the
collaboration network is relatively sparse, and its density is just 0.0789 in this case, which
is far less than 1. As a matter of fact, the distance of this network is much shorter than
it looks, after adding enough distant collaboration, which means the average distance
from learners to teaching modules and other participants will be shorter, and learners
may feel easier to find supports. However, building collaboration over long distance
is considered to be more challenging, which needs adequate instructional interactions
before establishing effective communication.

In order to make the collaborations more engaging in the global scale, building
collaborations locally and over long distances are proposed. The local collaborations
resemble learning communities, and learners will benefit from local supports in shar-
ing knowledge and experiences while facing the new challenges and opportunities of
instructional innovations. In the global scale, nodes that can build long distance collabo-
ration should be identified and assigned the roles of focal points or facilitators, including
the working group members, during the preparation and implementation of the online
events.

3 Techniques and Tools to Improve Experiences

Today nearly all computers have multimedia capabilities, and the World Wide Web not
only rivals the classroom as a common venue for training and education, but has also
become the primary playground and communications tool for millions of people around
the world. For these reasons, the emphasis on instructional methodology has grown,
and a higher percentage of sessions address innovative uses existing technologies [7].
There are emerging systems and tools ready for customization, so the point is that how
to integrate them as an organism, and guarantee the smoothly functioning as well as
flexible and robust.

3.1 Interactive Training System

Learning Management System (LMS) works as the hub for training programs. In order
to engagingly conduct the international online course, Moodle [9] has been adopted in
its “subject” format to follow the previously agreed engagement curve. In the course,
most of the modules were asynchronous to overcome the time differences. The course
was designed into 3 parts, the beginning, middle and end.

In thefirst part of the course, an ice-breaking sessionwas built as a pre-course collabo-
ration, and its feedbacks showed that participants could benefit from quickly overcoming
the feeling of isolation, getting familiar with peers and team building. Besides, opening
ceremony, schedule description, course introduction and pre-training questionnaire were
established. All the sessions above together served as the beginning part of the course,
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which drew enough attentions from learners, prepared students to start the voyage along
the designated route and developed trust that the tension can be resolved.

In the middle of the course, 2 different subjects worked successively as the core body
and had their own instant chat rooms and forums, which facilitated learners to commu-
nicate with instructors and course managers in case of any questions and difficulties.
6 core modules were selected and set up into the core body. They were equipped with
guiding description, quiz or assignment, video lectures, evaluation questionnaire, folder
of bibliography and resource. Quiz and assignment have been proven to be effective
tools for inspiring engagement and should be set carefully, so as not to make learners
feel self-contented or frustrated. In addition, it is the alternately sequenced modules that
make learners obtain fresh experiences.

The last part, also called the end of the course, was endowed with the summary
functions. The “Showcase Wall” or “Wrap-up Page” session functioned as a place for
participants to share experiences and propose suggestions, share learning moments with
photos/videos, and answer questions in the form of “building up a sequence”. Other
sessions like post-training questionnaire, course survey, and closing ceremony were also
established in the last part. In fact, the ending part is crucial for the whole training course,
for it provides an opportunity for recalling on what students have learnt, and gives them
the sense of completion which drives motivation to the final sprint.

3.2 Social Collaboration Tools

Learners are easy to feel isolated and worn out after the long-time online studies, espe-
cially in the condition that no peers around physically. As a result, negative emotions
may harm the online learning experiences or even end up in dropping out of courses, and
therefore social activities are indispensable among trainees from time to time and they
could highlight the engagement of the courses by properly planning and implementing
with some outside collaborative tools. In this course, the Padlet [10] was introduced with
the aim to build an extended “family bond” among all the participants including course
managers and instructors, and encourage all the participants to enhance the “familiar
sense” with each other.

An invisible “storyline” was designed to increase the interest for this community, and
new tasks would be announced every few days, such as ice breaking, self-introduction,
“coffee break”, cultural exchange and festival introduction. Participants would get used
to visit the pages to know about the updates by other learners during the whole training
period without emotional tension. In that case, learners had to visit the online course
modules as well, and formed imperceptible habits of learning.

Forum worked as another kind of asynchronous social learning tool in conducting
online training activities, where students preferred posting and answering professional
knowledge questions to casual chatting. That kind of module was advantageous to build
discussion groups on some topics, and promote distant collaborations and mutual sup-
ports. Unfortunately, online chat room, as a typical synchronous tool, did not work
efficiently enough for this practice, because it resulted in low attendance and high fre-
quency of showing up and leaving, due to the wide distribution of time zones. Therefore,
it is better to make a bundled solution of synchronous tools with other asynchronous
modules in the case of online international education and training.
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3.3 Learner Focus Services

Learner focus service is a kind of guarantee mechanism for increasing engagement
and improving learning experiences, because students will feel cared about and reduce
loneliness.

Learning experience online is sensitive to time delay. Unlike face-to-face training
courses,most of the activities in international online courses are conducted in the environ-
ment of Internet, through which information may take considerable hops to the terminal
equipment from the server, and the Internet conditions of the learners can be consid-
erably variable. Sometimes, learners experience slow streaming and feedback on the
technical issues. The enthusiasm for learning online could disappear after several fruit-
less attempts. For the problems above, it is necessary to carry out system monitoring
and bug fixing, and an embedded folder for sharing files in the course is considered
as a prompt backup solution, in case of streaming quality problems caused by network
instability.

A user guide was offered to participants at the very beginning of the online course,
explaining the technologies and skills needed during the whole training process, in order
to avoid troubles caused by any technical problems.At the same time, therewas an oppor-
tunity for learners to take a quick glance at the course framework. And the electronic
schedule was also advertised, in order to make students know about the course arrange-
ment without missing any required modules. In addition, annotation was suggested to
be embedded into all the important modules, so that students could notice and follow
the instructions. Besides, announcement in forum, information reminder and email were
adopted, in order to make sure important messages were well received.

4 Course Evaluation, Deficiencies and Conclusion

According to theWMO-No. 1114 [1], course evaluation provides as a way of measuring
the worth of providing a learning opportunity with the aim of improving the learning
process by judgingwhether itmet the objectives.And this course received positive results
in both degrees of satisfaction and participation. On the other hand, several deficiencies
emerged after analyzing qualitative feedbacks from participants, instructors and course
managers.

4.1 Course Evaluation

In the case of online international course, learning outcome usually has a close cou-
pling correlation with two measuring degree factors, which are satisfaction (emotional
response) and participation (behavioral response). It means that if the course receives
more approving comments and more activity involvements, it will possess more power
of engagement.

This course evaluation was realized by setting up post-training questionnaires and
collecting anonymous feedback data by participants with the system inbuilt survey and
feedback modules before the end of the course. 118 post-training anonymous submis-
sions were received and data was collected, and the degree of satisfaction was measured
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by the proportions of feedbacks in 5 levels, which are strongly disagree, disagree, neu-
tral, agree, and strongly agree. As shown in Table 1, 91% of participants believed the
training curriculum of the present training course was reasonable, 83% of participants
thought the training method was effective for learning, 82% of participants approved
that the teaching materials were suitable for learning, and 87% of participants agreed
that the training management (such as the organizers for the training) was satisfactory.

Table 1. Result of online course feedback by degree of satisfaction.

Degree of satisfaction Strongly disagree Disagree Neutral Agree Strongly agree

The training curriculum of
the present training course
was reasonable

0.00% 2.54% 5.93% 64.41% 27.12%

The training method was
effective for learning

0.85% 4.24% 11.86% 52.54% 30.51%

The teaching materials were
suitable for learning

2.54% 3.39% 11.86% 52.54% 29.66%

The training management
(Such as the organizers for
the training) was satisfactory

0.85% 0.85% 11.02% 58.47% 28.81%

Taking the trial course in 2018 as a control group, around 86% of learners felt
the course practical and useful for work, whereas the figure from control group was
80%. Table 2 illustrates an obvious growth of involvement in countries and/or regions,
registered participants and number of trainees who have 60% completion and above.
Consequently, there is a steady increase in trainees and improvement in learning
outcomes.

Table 2. Result of online course feedback by degree of participation.

Degree of satisfaction Number of countries
and/or regions

Registered
participants

Number of trainees who
have 60% completion
and above

Study group 74 305 127

Control group 55 274 116

Learning experience describes the transaction that takes place between individual
learners and the instructional environment. In addition to the components listed above,
learning experience includes the way that the learner feels about, engages with, responds
to, influences, and draws from the instructional situation [2]. In order to help under-
stand the value in the online learning environment, another survey was also established
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and opened to all the participants. The survey offered 24 statements asking about pre-
ferred (ideal) experience without “right” or “wrong” answers. The opinions from par-
ticipants were treated with a high degree of confidentiality, and would not affect their
assessments. Relevance, reflective thinking, interactivity, tutor support, peer support and
interpretation are designed as measurement scales for the course, and integer experience
degrees from 0 to 5 represent “almost never”, “seldom”, “sometimes”, “often”, and
“almost always” respectively.

Table 3 analyses 116 responses from traineeswhowere asked about the gaps between
their ideals and senses of reality. In the chart, relevance is recognized to an “often” level,
for the reasons like: it is important to and improved their practice, and more or less focus
on interesting issues. Followed by it, reflective thinking, tutor support and interpretation
are noted between “often” and “sometimes”.

Table 3. Result of online learning survey by participants’ experience.

Degree of
experience

Relevance Reflective
thinking

Interactivity Tutor
support

Peer
support

Interpretation

Average 4.06 3.53 3.02 3.75 2.87 3.58

Maximum 4.18 3.76 3.08 3.84 2.92 3.85

Minimum 3.94 3.26 2.94 3.68 2.74 3.23

Through further feedback analysis of data and comments, the learners of the course
are often critical of their learning, own ideas and reading, sometimes they are critical on
others. On the other hand, tutors often stimulate thinking, model discourse, and some-
times they encourage trainees or model self-reflection. In the aspect of interpretation,
trainees are usually confident in understanding the tutors and other students, but they are
not sure of being comprehended of what they would like to express. Interactivity and
peer support are located at the level of “sometimes”, which indicate that the collaboration
and interaction are inadequate to well engage the learners, and course managers need to
consider adding more collaborative and interactive ingredients to the modules. On the
interactivity issue, students sometimes explain their ideas and ask for explanations, but
they often receive few responses. Peer support is considered as a primary supplement on
condition that instructors and facilitators are not available for a large group of students,
and the survey shows the source of peer support sometimes are encourage, praise and
value from other student, but empathizing is rarely adopted.

4.2 Deficiencies and Future Improvements

It seems difficult to have both advantages in training scale and training effect, which
means trainees may not be able to complete their courses by the expected deadline.

Figure 3 illustrates the relation between trainees and their course completions, and
40% of them have completed at least 60% of the course which is almost close to the
control group. And large training scale has also brought too much extra works to the
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course managers and instructors, who could not be able to concentrate enough on the
implementationof instructional design. In addition, the teachers-student ratio is relatively
low. Consequently, the next step is to thoroughly identify and analysis the number and
competencies of trainees that is ideal for different levels of online international courses
in the same subject.

Fig. 3. The relation of trainees and their course completion.

In addition, some questions from the quiz and assignment modules have been
reported as difficult by some of the trainees, and they more or less make learners reduce
the course engagement, although the modules are announced only for self-practice, and
would not account to the final score, or represent any of study status. In the future, it
is essential to build a question bank objected at different levels for learner in order to
increase more engagement.

4.3 Conclusion

The attempt to implement a series of online international training courses due to the threat
of epidemic disease indicates that it is feasible and practical to turn physical classroom
courses into online courses. However, this kind of conversion is not simply recording
and sharing lectures from physical classroom. And some proper instructional designs
that meet the needs and obey the cognitive rules of learners, will improve the learning
experience and teaching effectiveness. The flexible integration of interactive modules
into the whole teaching process has been proven to be effective in supporting the com-
munication, collaboration and cooperation among large group of learners, through the
practice of the International Distance Training Course on Short-term Climate Monitor-
ing and Prediction in Disaster Prevention and Mitigation. And the implementation of
information technology and innovation assists the teaching activities, and is conducive
to improving learner’s engagement and further the learning experiences online.
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Abstract. Visual learning analytics (VLA) technology is an emerging method to
improve teaching and learning. However, few studies have examined the use of
this technology in teacher professional development (PD). We thus conducted a
case study to investigate the learning experience of an award-winning teacher in
our year-long PD program for secondary school mathematics teachers in Shang-
hai. In our workshops on productive classroom talk, we used VLA technology
to visualize the teacher’s classroom instruction data from lesson videos, to sup-
port her teaching reflection. Data from lesson videos, teacher reflections, and an
interview were collected and analyzed. The findings suggest that the teacher grad-
ually increased her use of productive talk moves (e.g., press for reasoning) to
elicit student responses, and used VLA to obtain evidence to support her lesson
observations, teaching reflections, and refinements of her classroom instruction.
Implications for the future practice of video-based VLA-supported PD activities
are discussed.

Keywords: Visual learning analytics · Teacher-student interactions · Productive
classroom talk · Professional development ·Mathematics education

1 Introduction

Videos are increasingly used in teacher professional development (PD) [1, 2], because
they can capture the richness and complexity of classroom activities for teachers to
review. Although video viewing has clear benefits, the richness of video data can be
overwhelming, and this richness can hinder teachers from noticing relevant events for
reflection [3]. Therefore, we attempted to incorporate visual learning analytics (VLA)
technology into our PD program for secondary school mathematics teachers to support
their video viewing and reflection on their classroom instruction. VLA technologies
represent educational data using various visualization strategies (e.g., bar plots and pie
charts) to help teachers gain insight into the data [4]. However, few studies explore how
such technologies can be used to (1) visualize data from a brick-and-mortar classroom
setting and (2) facilitate teachers’ improvements to their classroom instruction [2, 4].
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To remedy these gaps in previous knowledge, we present a case study conducted to
investigate whether and how the use of VLA technology in our PD program changed a
teacher’s instructional approach. One approach to case selection in education research is
to study unique cases [5], such as successful teachers [6]. This study thus focuses on the
case of an award-winning teacher. We examine the changes in her classroom instruction
and seek to understand her learning experience during our PD program. To confirm the
effectiveness of her teaching, we further evaluate her students’ learning gains using a
pre-test and post-test. The findings of this case study may extend our understanding of
how teacher educators can use VLA technology to improve their classroom instruction.
This study thus lays substantial groundwork for the future practice of video-based VLA-
supported PD activities. The following research questions (RQ1 to RQ3) are posed to
guide this study.

1. How did our PD program influence the focal teacher’s classroom instruction?
2. Towhat extent did the programhelp the teacher to increase her students’mathematics

achievement?
3. How did the teacher use VLA technology to improve her classroom instruction?

2 Conceptual Framework of the PD Program

Our PD program leveraged three areas of the literature. First, we used an extended
Vygotskian perspective on knowledge acquisition [7]. Second, the PD content drew on
research concerning productive classroom talk [8]. Third, VLA technology was used to
support our teacher participants’ video viewing and reflection.

2.1 Extended Vygotskian Perspective on Knowledge Acquisition

Vygotsky [9] emphasizes the roles of teachers and capable others in knowledge acquisi-
tion. The Vygotskian perspective assumes that the teacher’s job is to transmit knowledge
and skills to learners through verbal instruction. However, Hatano [7] points out that
this conventional perspective treats the learners as passive by nature. He therefore pro-
poses extending the Vygotskian perspective by incorporating a co-constructivist view of
teaching and learning. In line with Hatano’s [7] idea, the inquiry mathematics approach
proposed by Cobb et al. [10] aims to facilitate students’ construction of mathematics
knowledge. These researchers’ teacher-guided class discussions encourage students to
build on each other’s explanations. Students are thus able to negotiate and co-construct
ideas with their peers through dialog. As Hatano [7] concludes, teachers still play an
important role in the knowledge acquisition process, but they should encourage their
students to more actively construct knowledge.

2.2 Productive Classroom Talk

Previous research provides considerable evidence to support the extended Vygotskian
perspective. In their synthesis of research on mathematics classroom talk, Kyriacou
and Issitt [11] find that students have better learning outcomes when the teachers use
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questions to elicit correct answers, and then press the students for their reasoning and
explanations. Resnick et al. [8] identify eight types of productive talkmoves that teachers
can use to probe students’ thinking and engage them in productive classroomdiscussions.
A recent PD program by Amador [1] applies some of these talk moves to develop the
practice of pre-service mathematics teachers. Most importantly, these talk moves can
improve student learning in mathematics and reasoning (Resnick et al. 2018). Therefore,
our PD program introduced teachers to the productive talk moves proposed by Resnick
et al. [8], as shown in Table 1. These moves can enrich teachers’ knowledge of and skills
in classroom instruction.

Table 1. Productive talk moves (summarized from Resnick et al. [8], p. 180).

Productive talk moves Description Examples

Say more Ask a student for further
elaboration

How did you arrive at that
answer? Say more about that

Press for reasoning Ask a student to explain his/her
reasoning

Why do you think that?

Re-voice Re-voice student expressions to
elicit further responses

Let me see if I’ve got your
thinking right. You’re saying
XXX?

Challenge Challenge a student’s idea Can you think of any examples
that would not work?

Restate Ask students to restate someone
else’s reasoning

Can you repeat what he just
said in your own words?

Agree/disagree Ask students to state their
standpoint

Do you agree or disagree?

Explain other Ask students to explain someone
else’s reasoning

Why do you think he said that?

Add on Prompt students for further
participation

Would someone like to add on?

2.3 Video Viewing and VLA Technology

In recent years, teacher educators have shown increasing interest in providing video-
based training [2]. With videos, teachers can review their lessons multiple times, which
enables a deeper level of analysis of classroom instruction [12]. However, van den
Bogert et al. [13] discover that some teachers tend to misinterpret classroom events and
even to overlook them when watching the videos. According to Vieira et al. [4], the
visualization of learning data or VLA can help to enhance teachers’ selective attention
to exchanges that are worthy of review. In the context of teacher PD, Chen [14] develop a
classroom discourse analyzer that can provide teachers with VLA on their lesson videos.
First, the teacher educators transcribe and code the dialog from the video lessons. The
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analyzer can then let reviewers visualize the dialog using (1) timelines of the teacher’s
and individual students’ exchanges, and (2) speech bubbles of various sizes to represent
the numbers of words used in each turn (see Fig. 3). Information on the classroom
dialog, such as the frequency of each productive talk move used, is presented in graphs.
Furthermore, teachers can click on the graphs to view the details of the corresponding
video segments and transcripts. The visual representations, transcripts, and video footage
are synchronized (see Fig. 2) to support the teachers’ reflection when they watch the
lesson videos.

3 Methods

As noted previously, this study aims to investigate how VLA technology can be used to
support teacher reflection and to improve classroom instruction. A case study approach is
most suitable to address our research questions, which require an extensive and in-depth
description of the focal teacher’s learning processes and outcomes [15].

3.1 Research Context and Case Selection

The case study was conducted during our year-long PD program for secondary school
mathematics teachers in Shanghai. We recruited more than 50 teachers from 16 local
secondary schools. Our case study focused on a first-year award-winning teacher. This
teacher hadmajored in mathematics education and was serving as a mathematics teacher
in a local secondary school (with around 2,600 students and 170 teaching staff). She
taught a class of 24 Junior Secondary 2 students, aged from 12 to 13. In the middle
and toward the end of our program, she received awards from the local government in
recognition of her outstanding performance in teaching and lesson design. Looking at
this unique case and learning from this successful teacher can provide insights into the
future practice of video-based VLA-supported PD activities [5, 6].

3.2 Description of the PD Program

Fig. 1. Overview of the PD program and data collection. (Note: L1 means the first lesson of
videotaping; L2 means the second; and so on.)

As shown inFig. 1, our PDprogramoffered one introductoryworkshop andfive train-
ing workshops, conducted every one or two months throughout a year. Before attending
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the introductory workshop, our teacher participants videotaped their lessons. This work-
shop provided an overview of productive classroom discussions and the logistics of our
PD program, on topics such as video submission requirements and workshop arrange-
ments. After the workshop, the teachers submitted their lesson videos to us. Our research
team then analyzed their videos and visualized the data using the VLA technology [14],
as a resource to support the teachers’ lesson reviews in the next workshop.

In each subsequent workshop, we first provided a short lecture on the PD content
(Workshops 1 and 2: Introduction to productive talkmoves;Workshops 3 to 5: Integrated
use of productive talk moves). Our teacher participants then individually reviewed their
own lesson videos and VLA. After that, they discussed their teaching performance in
groups. Using the VLA technology, they could navigate various kinds of classroom
instruction data, such as the teachers’ production talk moves used in the lessons. In
addition, they could review the transcripts of some specific video segments for in-depth
reflection (see Fig. 2). Toward the end of each workshop, we engaged all of the teacher
participants in a whole-class discussion, during which we shared a few good examples of
different productive talk moves and highlighted some common problems to be dealt with
in future practice. The teachers then completed written reflection forms to consolidate
their learning, and to articulate their ideas on how to improve their future practice. After
each workshop, the teachers videotaped their lessons and submitted their videos to us
again.

3.3 Data Collection and Analysis

Using multiple data sources allowed us to triangulate the data, which could strengthen
the validity of our case study [15]. Data were collected from four major sources, namely
lesson videos, students’ pre-test and post-test, teacher reflections, and a teacher interview.

Lesson Videos. To examine our award-winning focal teacher’s changes in classroom
instruction (RQ1), her 40 min lessons were videotaped and analyzed every one to two
months.We focused on the lessons of teacher-ledwhole-class discussions on new subject
contents, during which the teacher and students interacted (i.e., teacher–student and
student–student) in front of the whole class. Figure 1 shows the schedule of videotaping
(L1 to L7). Our research team transcribed her lesson videos (a total of about 280 min
and 42,000 words in Chinese characters from the teacher and her students), and then
coded the classroomdiscourse into the eight types of productive talkmoves (Table 1). The
transcripts were double coded by two of our research teammembers. Any disagreements
in codingwere resolved through discussion to reach a consensus. In this study,we present
our analysis of (1) the numbers of the productive talk moves that the teacher used, and
(2) the percentages of the teacher’s and her students’ word contributions per lesson. The
influence of our PD program could thus be revealed by tracking these statistics across
the videos recorded at different times.

Student Tests. To evaluate the students’ learning gains after a year of mathematics
learning (RQ2), we conducted a 40 min pre-test and post-test. To ensure their validity
and reliability, these tests were designed on the basis of the Trends in International
Mathematics and Science Study (TIMSS), and the two tests were similar in terms of
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their scope and difficulty. The total score in each test was 47, and they each covered the
three cognitive domains of knowing (9 marks), applying (15 marks), and reasoning (23
marks). Our preliminary exploration of the test data discovered a significant deviation
from normality in the post-test data (p < .001). Therefore, the Wilcoxon signed-rank
test—a non-parametric test to compare two dependent samples [16]—was run to analyze
the test data. The effect size (r) was calculated using the formula provided by Field [16],
with the benchmarks of .3 and .5 representingmediumand large effect sizes, respectively.

Teacher Reflection and Interview. To gain an in-depth understanding of the focal
teacher’s perceptions of our video-based VLA-supported PD activities and of how she
used the analytics to improve her classroom instruction (RQ3), we collected teacher
reflection and interview data. At the end of each workshop, the teacher completed a
written reflection form, which recorded her immediate thoughts on what she had learned
and her plan to improve future practice. Guiding questions included “In this workshop,
what have I learned about how to facilitate students’ thinking through classroom talk?”
and “How can I further improve the classroom instruction of my mathematics lessons?”
In addition, an in-depth interview was conducted at the end of our PD program. Some
sample questions of our interview protocol were “How do you perceive the use of VLA
technology in our PD program?” and “How do you improve your classroom instruction
based on your analytics of lesson videos?”

The teacher reflection and interview data were analyzed using a series of qualitative
data analysis procedures. The data were first transcribed in Chinese. We then identified
patterns in the data [15]. Some of the data were translated into English for reporting
purposes. To establish coding reliability, the data were double-coded by the two authors.
Any disagreements were resolved through discussion. To enhance validity, we asked the
teacher to read and confirm the accuracy of the reflection and interview transcriptions
(i.e., member checking), and we reported our findings using direct quotations.

4 Findings

4.1 Teacher’s Instructional Changes (RQ1)

We analyzed the changes in the teacher’s classroom instruction over time. The two
major aspects we focused on were (1) the number of the teacher’s productive talk moves
used and (2) the percentages of the teacher’s and her students’ word contributions in
the lessons. First, Table 2 shows that the number of productive talk moves that the
teacher used in her lessons gradually increased from fewer than 10 (L1) to over 40
(L4 to L7). Furthermore, following the completion of Workshop 2 (L4 onward), the
variety of her productive talk moves increased. For example, in L4 she started to use the
“agree/disagree” and “explain other” talk moves.

Of the 249 identifiedproductive talkmoves fromL1 toL7, the teachermost frequently
used “saymore” (47.8%), “press for reasoning” (22.9%), and “add on” (17.7%). Figure 2
shows adiscourse excerpt example of “press for reasoning,” as displayed in our classroom
discourse analyzer. However, the teacher rarely used the five other types of productive
talk moves, such as “explain other” (2.0%) or “restate” (0.8%).
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Table 2. Number of productive talk moves used per lesson over time.

L1 L2 L3 L4 L5 L6 L7 Overall

Say more 5
(55.6%)

12
(52.2%)

5
(17.9%)

24
(43.6%)

26
(54.2%)

15
(36.6%)

32
(71.1%)

119
(47.8%)

Press for
reasoning

4
(44.4%)

3
(13.0%)

16
(57.1%)

12
(21.8%)

4
(8.3%)

12
(29.3%)

6
(13.3%)

57
(22.9%)

Re-voice 1
(3.6%)

1
(1.8%)

3
(6.3%)

1
(2.4%)

1
(2.2%)

7
(2.8%)

Challenge 1
(3.6%)

4
(7.3%)

1
(2.1%)

2
(4.9%)

8
(3.2%)

Restate 2
(4.2%)

2
(0.8%)

Agree/disagree 4
(7.3%)

1
(2.1%)

1
(2.4%)

1
(2.2%)

7
(2.8%)

Explain other 4
(7.3%)

1
(2.2%)

5
(2.0%)

Add on 8
(34.8%)

5
(17.9%)

6
(10.9%)

11
(22.9%)

10
(24.4%)

4
(8.9%)

44
(17.7%)

Total 9 23 28 55 48 41 45 249

Fig. 2. A discourse excerpt example of “press for reasoning.” (Note: The excerpt is translated
into English for reporting purposes.)

Second, the total number of word contributions (i.e., teacher + students) per lesson
ranged from 4,831 to 7,021 (M = 5,973; SD = 953). Table 3 shows that the percentage
of the teacher’s word contributions per lesson decreased from over 85% (L1 and L2)
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to about 70% (L6 and L7). Correspondingly, the percentages of her students’ word
contributions per lesson increased from about 15% to 30% over time.

Table 3. The number of the teacher’s and the students’ word contributions per lesson over time.

L1 L2 L3 L4 L5 L6 L7

Teacher 4,894
(89.8%)

6,082
(86.6%)

5,839
84.0%)

4,417
(83.0%)

5,727
(82.5%)

3,227
(66.8%)

3,726
(70.3%)

Students 556
(10.2%)

939
(13.4%)

1,109
(16.0%)

904
(17.0%)

1,215
(17.5%)

1,604
(33.2%)

1,573
(29.7%)

4.2 Students’ Learning Gains in Mathematics Lessons (RQ2)

The students’ learning gains were evaluated using a pre-test and post-test. Overall, the
results of the Wilcoxon signed-rank test indicated that the students (n = 24) scored
significantly higher in their post-test (Mdn = 39.00) than their pre-test (Mdn = 30.50),
z = 3.69, p < .001, with a large effect size of r = .53. Table 4 further shows that their
learning gains in all three domains were significant, with a large effect for knowing (r
= .61) and median effects for applying (r = .46) and reasoning (r = .43).

Table 4. Results of students’ pre-test and post-test.

Pre-test Post-test

Domain Max M (SD) Mdn M (SD) Mdn z r

Knowing 9 5.37 (1.61) 5.00 8.83 (.82) 9.00 4.22*** .61

Applying 15 9.50 (3.32) 11.00 12.21 (2.43) 13.00 3.20** .46

Reasoning 23 15.13 (1.65) 15.00 17.08 (3.43) 18.00 2.98** .43

Total 47 30.00 (4.92) 30.50 38.13 (6.23) 39.00 3.69*** .53

**p < .01; ***p < .001

4.3 The Teacher’s Ways of Using VLA (RQ3)

The teacher reflection and interview data suggest that the teacher used VLA of her les-
son videos to support video viewing. More specifically, the VLA technology provided
evidence that helped her to observe her lessons. She then reflected on her teaching
performance and refined her approaches for engaging her students in productive class-
room discussions. We report the following two episodes to illustrate her pattern of
VLA-supported lesson review.
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Using More Productive Talk Moves. As shown in Table 2, the teacher used more pro-
ductive talk moves to elicit student responses after training. She asserted that “The
discourse analyzer platform can make me clearly understand the classroom instruction
in my mathematics lessons” (i.e., observation). After reviewing the classroom dialog in
her lessons, she realized that her requests for choral responses or short answers were not
effective, because the students tended simply to confirm the teacher’s statement without
deep thinking (i.e., reflection). As she shared,

When I worked out a mathematics proof, read it out, and then asked students: “Is
that right?” I found that such a question was not effective, because the students would
basically say “yes.” But actually, they would not think too much.

Therefore, she attempted to use more productive talk moves such as “say more” and
“add on” to engage the students in productive classroom discussions (i.e., refinement).
In her words,

Referring to my analytics, I find that encouraging students to say more or asking
other students to add on to one’s idea are better [moves] … When students voice their
ideas, no matter right or wrong, other students are able to judge. At the same time, they
can consolidate their thinking and even identify their own mistakes.

Fig. 3. A comparison of the VLA of (a) L1 and (b) L7 by speaker.

Speaking Less and Allowing Time for Student Thinking. As shown in Table 3, the
percentages of the students’ word contributions per lesson increased over time. The
teacher shared that the VLA had a great impact on her understanding of teacher–student
interactions during the lessons (i.e., observation). Figure 3(a) shows a series of large
speech bubbles in the teacher timeline, alongside a few scattered small speech bubbles
in the students’ timelines in L1. When reviewing this lesson video, the teacher realized
that her lesson was teacher-dominated. Most importantly, she found that most of her talk
turns were not meaningful (i.e., reflection). In her words,

I think your analyzer had a great impact on my understanding of my own teaching.
At a glance, I realized that I spoke so much nonsense at the start of your program—that
is, the first lesson. A series of large speech bubbles! I spoke a lot in each turn.

To improve, she attempted to speak less and allow more time for her students to
think and formulate their responses (i.e., refinement). As she mentioned,
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After viewing this [the VLA of her lesson videos], I tried to speak less and asked
more questions … When my students did not respond, I would speak more slowly and
allow more time for them to think. Therefore, my word contributions became fewer and
the students explained more.

In L7 (Fig. 3(b)), comparedwith L1, the number of students’ speech bubbles (i.e., the
number of students’ talk turns) and their sizes (i.e., the numbers of word contributions)
generally increased. In other words, the teacher was better able to elicit detailed student
responses after her reflection and refinement of her teaching practice.

5 Discussion

Using lesson videos in PD activities does not necessarily facilitate teacher reflection and
instructional improvement [3, 13]. This problem raises the question of how to enhance
teachers’ efficacy in video viewing and in noticing relevant events that are worthy of
a review. We used VLA technology to visualize the classroom instruction data from
lesson videos. We studied how a first-year award-winning teacher made use of VLA
in video-based PD activities. Our findings suggest that there was an improvement in
her teaching practice in terms of the use of productive talk moves and the students’
word contributions in the lessons. In addition, the results of the student tests indicated a
significant learning gain after one year of mathematics learning.

In this case study, we identified a pattern in the teacher’s video-basedVLA-supported
lesson reviews. She first observed her lesson with a focus on the use of productive talk
moves and on her students’ performance in classroom discussions. Next, she reflected
on her classroom instruction and refined her approaches for engaging the students in
productive classroom discussions. As Chow et al. [17] explain this process, she thought
and worked like an action researcher. If teacher educators can empower teachers to
become researchers of their own teaching practice, then teacher professionalism can
be enhanced [17]. Based on the lessons that we learned from this case study and the
methodological work of Kemmis and McTaggart [18], we suggest the following three
stages for guiding teachers in the systematic review of video lessons, as they practice
VLA-supported PD activities.

First, the teachers have to observe their own teaching practice [18]. Teacher educators
can guide them in observing their lessons according to two criteria: (1) the overall use
of productive talk moves, and (2) the percentages of the teacher’s and the students’
word contributions per lesson. By referring to the timeline and speech bubbles of the
participants, the teachers can gain an overall idea of the teacher–student interactions
during the lesson. In addition, teacher educators can ask the teachers to compare theVLA
of their current lessons with those of their previous lessons. In this way, the teachers can
monitor their instructional changes and improvements. Some possible guiding questions
are “What kind of productive talk moves have I used most frequently?”, “What kind of
productive talk moves have I used the least?”, and “Compared with my previous lessons,
is there an increase in the students’ word contributions?”

Second, teachers have to reflect on their teaching practice [18]. According to Resnick
et al. [8], each type of productive talk move has its own value. Furthermore, classroom
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discussions are more engaging if the teachers can use various types of productive talk
moves to stimulate their students’ thinking and elicit their responses. Therefore, teacher
educators can guide the teachers to reflect on their distributions of productive talk moves
in their lessons. Furthermore, teacher educators can ask the teachers to review each
individual talk move by viewing their video segments and transcripts. With reference to
student responses, the teachers can evaluate whether their talk moves are appropriately
formulated for their own classes. Some possible guiding questions are “Why did I seldom
use some types of productive talkmoves?”, “Do I understand how to use these productive
talk moves?”, and “Are my questions too difficult for my students?”

Finally, teachers have to refine their teaching practice [18]. After the observation
and reflection stages, teacher educators can ask the teachers to identify aspects that they
need to improve. If we take the teacher in this case study as an example, we can see
that although she was able to allow more time for her students to voice their ideas after
training, Table 2 shows that she seldom used certain types of productive talk moves,
such as “challenges.” However, this talk move is particularly important in mathematics
learning. By providing appropriate challenges, teachers can extend their students’ exist-
ing thinking and provide alternative pathways to understanding mathematics concepts
[19]. On this point, regarding the limited use of some talk moves, an improvement was
required in the teacher’s practice. Some possible guiding questions are “Which aspects
of teaching practice do I need to improve?”, “How can I shorten my instruction to free
up class time for students’ contributions?”, and “How can I use other types of productive
talk moves to stimulate student thinking?”

6 Conclusion

This study has important implications for teacher educators. We demonstrate how VLA
technology can be used to visualize lesson video data. We also provide rich insights into
howan award-winningmathematics teachermadeuse of thisVLA technology to improve
her classroom instruction. VLA technology can make teachers’ video viewing more
purposeful. For example, the teacher featured in this study focused on the productive
talk moves used in her lessons, and refined her approaches to eliciting student responses.
Further efforts should incorporate speech recognition technology which can lessen the
amount of our manual work (e.g., transcription).

To help empower teachers as researchers, our study adds to the literature by establish-
ing three stages of helping teachers to use VLA of their lesson videos as evidence in their
lesson observations, reflections, and refinements of their teaching practice. Although
this case study lays substantial groundwork for the future practice of video-based VLA-
supported PD activities, further large-scale studies are required to test and improve the
use of this PD framework. Besides quantitative evaluation (e.g., number of word contri-
butions), qualitative assessment of student responses can be future work for researchers.
In addition, investigating the learning experiences of teacherswith different backgrounds
(e.g., experienced mathematics teachers or teachers from other subject disciplines) has
the potential to enrich the proposed guidelines.
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Abstract. Social regulation of learning has been recognized importantly in
computer-supported collaborative learning (CSCL) context. The social regulation
process is complex and requires technological scaffold. CSCL technologies such
as script and group awareness tools have been utilized to support social regulation
of learning.However, such tools are limited in supporting the planning and evaluat-
ing stage of regulation and failed to support the whole process of social regulation
of learning. This research aims to design and develop a set of multi-dimensional
scaffoldings to support planning, monitoring, regulating and evaluating stages of
social regulation of learning based on learning analytics technologies. Moreover,
the present work also investigates the validity of the proposed scaffoldings and
students’ acceptance of these tools.

Keywords: Computer-supported collaborative learning · Learning analysis ·
Multi-dimensional scaffolding

1 Introduction

Social regulation of learning has been recognized as one of the key factors that affect the
learning performance in CSCL context (Järvelä and Hadwin, 2013; Su, et al. 2018).
Social regulation of learning contains the regulation between group members (co-
regulation of learning, CoRL) and the whole group (socially shared regulation of learn-
ing, SSRL) in cognition, emotion, motivation, and behavior (Zimmerman and Schunk
2011).As the social regulation process is complex and requires students’ regulatory skills
and strategies, studies have found that many learners experience challenges in applying
successful regulation of learning in collaborative settings (Miller and Hadwin 2015).
Scaffolding or supporting tools is required for facilitating the regulation of collaborative
learning (Järvelä et al. 2016; Miller and Hadwin 2015). Several scripting and aware-
ness tools have been successfully used in supporting the planning, evaluation, emotion
awareness and engagement awareness of social regulation of learning. However, most
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of these tools support only planning stage and evaluation stage in social regulation of
learning with predefined script. They failed to collect learning process data to support
the whole process of social regulation of learning. Research advocates using learning
analytics technology to build multi-dimensional support to scaffold social regulation of
learning (Malmberg et al. 2017).

For designing effective learning scaffold for learners to develop their regulatory
skills and knowledge in collaboration, the present study attempts to design and develop
a set of multi-dimensional scaffolding, such as text description, promote questions,
visual awareness information and peer feedback to, basing on the social regulation
theories (Järvelä and Hadwin 2013; Su et al. 2018) and existing tools (Järvelä et al.
2016; Miller and Hadwin 2015). This research further investigates the usage of the
proposed scaffolding tools and the students’ acceptance of them.

2 Supporting Social Regulation of Learning in CSCL

In collaborative learning, the social regulation of learning emphasizes that learners can
define collaborative learning goals,make learning plans, evaluate learning outcomes, and
timely regulate learning in the learning process. social regulation of learning is made up
of two types: co-regulation of learning and socially shared regulation of learning (Hadwin
and Oshige 2011). They can influence the process of collaborative group discussion and
influence the learner’s cognitive construction process, which helps learners to complete
tasks better.

In the current research, scaffold supported by social regulation of learning mainly
includes three types: group awareness tools, collaborative script tools, and evaluation
reflection tools. Among them, the group awareness tool refers to the information that the
learner perceives the samegroupmembers, andprovides the studentswith the knowledge,
understanding or opinions of the collaborative group in the process of collaboration. It is
divided into cognitive awareness tools and social awareness tools (Janssen and Bodemer
2013). Collaborative scripts are defined in the collaborative activities to define the task
description of the group, the composition of the team, and the rough steps or specific
processes of the collaboration, which are divided into macro scripts and micro-scripts.
The evaluation reflection tool is to analyze the information related to the collaboration
process or collaboration results, which is helpful for collaboration groups to evaluate
themselves, peers and groups together. This study combs the research status of scaffolds
supported by social regulation of learning, as shown in Table 1.

By comparing the typical scaffolds in Table 1, we can see that the current scaffolds
have the following characteristics and disadvantages: first, the current scaffolds mainly
support social regulation of learning from perception, script, and evaluation, but most
scaffolds only focus on one or two aspects, and the completeness and systematizes of
the scaffolds are insufficient; Second, the scaffolds are mainly aimed at supporting the
planning and evaluation stages of collaborative learning, and lack of support for social
regulation of learning in the process of collaborative learning. Third, the main data
source of current social regulation’s scaffold is learner’s self-report or questionnaire,
which can only guide and intervene social regulation of learning in stages and cannot
support social regulation of learning dynamically and in real-time by using multi-source
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andmulti-modal data such as homework, dialogue, logs, etc. Fourth, the current scaffolds
mostly communicate in the form of forums and so on, which lack real-time interactivity
and cannot provide a good learning environment for real-time collaborative editing and
discussion.

Table 1. Scaffolding tools with CSCL technologies.

Tool name Group awareness Collaboration
script

Evaluation
reflection

Way of
communication

REG
(Laru et al. 2015)

Social awareness Macro- script
√

–

Gstudy
(Hadwin et al.
2010)

Cognitive
awareness & Social
awareness

Macro- script
√

gChat tool

collaboration
script (Kim and
Lim 2017)

Cognitive
awareness

–
√

–

Nearpod
Interactive
Classroom Tool
(Lai et al. 2018)

Cognitive
awareness & Social
awareness

–
√

Forum

Radar
(Järvelä et al.
2015)

Cognitive
awareness

–
√

–

Shared Planning
Tool
(Järvelä et al.
2016)

Cognitive
awareness & Social
awareness

– – –

In order to solve the above problems, the research combines learning analysis tech-
nology, designs and develops a set of comprehensive and systematic dynamic social
regulation scaffolds to guide learners’ cooperation and interaction according to the char-
acteristics of group awareness, script and evaluation reflection, supports cognition, soci-
ety and behavior, provides monitoring and feedback, and improves the quality of team
collaborative.

3 Development of the Multi-dimensional Scaffold for Collaborative
Writing

3.1 Learning Context and Environment

The scaffolding tools are designed for the synchronized English collaborating writing
context. In this context, group students discuss and doing the writing task in the online
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synchronized writing environment face to face. Basing on the four-stage model of social
regulation of learning (planning, monitoring, regulating and evaluating, Su et al. 2018),
the process of collaborative learning activity mainly includes the following steps. In the
first step, the learner completes the study plan of the individual and the collaborative
group by combining the task understanding list given by the teacher in the task planning
module. In the second step, the learner will enter the group interactive sharing module
to perform the collaborative task with the group members. At the same time, learners
can observe the visualization results of the group awareness module, so that learning
strategy adjustments can be made in a timely manner. In the third step, after completing
the collaborative task, the learner needs to enter the reflection evaluation module to score
and comment on the learning outcomes of other collaborative groups. Finally, learners
can improve the work of their group through feedback from other groups.

The integration of scaffolds follows the design principles of Järvelä et al. (2015),
which are to scaffold social regulation, a suitable collaborating environment that contains
the awareness, supporting externalization, and prompting function are needed. This
environment is shown in Fig. 1.

Fig. 1. Learning environment.

3.2 Design of the Multi-dimensional Social Regulation Scaffold

Following this umbrella macro-scripted framework, we design multimodal micro-
scripted level scaffolding strategies to support students’ social regulation in different
stages. Empowered by learning analytics technology (Zheng et al. 2018), these scaf-
folding tools can not only provide text guidance and promotes but also visual aware-
ness information in cognitive, metacognitive and social aspects. Table 2 illustrates the
multi-dimensional scaffolding tools that are integrated into the learning environment.

In social regulation, the purpose of scaffold planning stages is (1) building individ-
ual’s task understanding, (2) promoting group’s shared task perception and (3) engaging
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more planning discussion (Hadwin et al. 2018). Basing on previous work (Miller and
Hadwin 2015; Splichal et al. 2018), we design text-based micro-script promoting ques-
tions and task descriptions to support students thoroughly analyze the task requirement
and planning collaboration strategies, the planning tools are in Fig. 2.

Table 2. The multi-dimensional scaffolds for different social regulation.

Stages Scaffolding Functions Tools

Planning Task description
Individual planning
guidance
Group planning
guidance

Guiding students to
understand the task,
make the learning
object, individual
learning plan and share
the task and
assessment perception
in the group,

Task description
Promoting questions

Monitoring/Regulating Cognitive awareness
Metacognitive
awareness
Social awareness

Supporting group
awareness of cognitive,
metacognitive and
social, so that students
can monitoring the
learning progress

Multiple Visualable
interaction charts

Evaluating Individual
assessment
Peer assessment

Providing evaluated
questions and peer
feedback to the student
to refine their work
before finish

Visual charts
Peer feedback

Fig. 2. Individual planning and group planning.

In monitoring and regulating phase, the key of the scaffold is to support collaborators
aware of individual or collective actions, task progress and social engagement, so that
students can operate the information and adapt strategies to optimize the collaboration
process (Miller and Hadwin 2015). Follow the advice of Järvelä and Hadwin (2013),
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we design “keyword cloud” as cognitive awareness to implicate the topic and words
using of collaborative writing, “time reminder” and “word reminder” as metacognitive
awareness for comparing the time and task completion, “group participation” as social
awareness tool to frequency and intensity of students’ communication. The awareness
chart is shown in Fig. 3.

Fig. 3. Group awareness information.

The evaluation phase is helpful for team decision-making and adaptation of col-
laborative processes, progress, and products, thereby intentionally optimizing learning
where needed (Zimmerman and Schunk 2011). It consists individual evaluation and peer
assessment. Research has proved that combining peer assessment with group awareness
tools is an effective strategy for reducing social loafing and ensuring fair assessments
(Lin et al. 2019). As shown in the upper left corner of Fig. 3, in this work, we designed
the chart and text awareness information for the individual and peer evaluation.

3.3 The System Architecture of Scaffolding Tools

In this study, Python, JavaScript, Ajax, and other technologies were used to develop
the social regulation tool to support learners. The regulation scaffolds can not only
collect log information such as the number of login and learning time of the students,
but also analyze the text information, peer interaction information, posts and content,
and evaluation in the collaborative discussion. Through statistical analysis, semantic
analysis, keyword analysis, and other learning analytic methods, we analyze learners’
social, behavioral and cognitive dimensions in the process of collaboration in a multi-
dimensional way. The overall structure of the social regulation learning scaffolds can be
logically divided into four layers. Each layer is connected by a data bus. The specific
structure is shown in Fig. 4:

The data layer is the bottom layer of scaffolds, whose main function is to collect and
store learners’ learning process data. In order to better analyze the learning process.
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The main function of the feature analysis layer is to process the underlying data,
including three main steps of data pre-processing, Eigenvalue extraction and dimension
aggregation. By analyzing the data of posting volume, interaction frequency, knowledge
point mention frequency, social relationship density, and behavior type statistics, we can
extract various social network indicators of knowledge point coverage to represent the
learning process of individual learners and group learners.

The visual representation layer is to transfer various data reports from the previous
stage into the visual presentation module for visualization processing.

Application presentation layer to provide learner-oriented analysis and monitoring
services as application goals. Based on the analysis results of the visual representation
layer, the application presentation layer provides different analysis results for the learner
to help the user obtain the available information.

Fig. 4. The system architecture.

4 Method

4.1 Research Context and Participants

The activities of this study were carried out in the regulation learning scaffolds devel-
oped. Participants were 24 students from the second year of an undergraduate degree.
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Collaborative learning activities are conducted in the “English Intensive” compulsory
course offered by a university in China. Learners need to participate in a face-to-face
traditional course of 100 minutes per week, according to the course schedule. In this
course, students are freely divided into 7 groups of 3–4 people each. In the first 40 min of
the course, the instructor will teach new knowledge and post collaborative learning tasks,
so learners will spend 60 min on scaffolding tools to complete collaborative learning
tasks.

4.2 Research Tool

In order to analyze the group’s social regulation behavior in the process of online collab-
orative activities, this study encodes social regulation from two aspects: social regulation
type and focus. This study adapted the coding table of Su et al. (2018) to form the coding
table of social regulation behavior in this study. Among them, the form of adjustment
is mainly peer adjustment and social collective adjustment, and the focus of adjustment
mainly includes “Content monitoring”, “task understanding”, “process monitoring”,
“emotion” and “organization”. Details of the coding description can be found in the
original paper (Su et al. 2018).

4.3 Data Collection and Analysis

In this study, the social regulation behavior of learning groups is coded. Two researchers
partitioned the learner’s discussion records into effective coding units, and the consis-
tency of the segmentation was referred to Chang et al.’s 2017) calculation method. The
two researchers trained before the segmentation, and finally, the consistency of the two
researchers was 0.87, greater than 0.8 to meet the requirements. After segmenting the
discussion record, the two coders independently coded the learners’ social adjustment
behavior. The coding consistency coefficient Cohen’s k = 0.82 in terms of “regulation
form”. In terms of “focus of regulation”, the coding consistency coefficient Cohen’s k
= 0.78. The data show that the internal consistency of the two coders is acceptable.

5 Result and Discussion

5.1 RegulationCharacteristics of CollaborativeGroups Supported by Scaffolding
Tools

In order to explore the role of the tool in this study, we analyzed the data of the learning
group during the collaborative activities. We chose three of them as the members of the
three groups participated in all the collaborative activities. The three groups are “Group
2”, “Group 3” and “Group 5”. According to our segmentation of the discussion record,
we have counted 77 discourse fragments in the “Group 2”, 31 discourse fragments in
the “Group 3” and 78 discourse fragments in the “fifth group”. As shown in Table 3.

In terms of the “Regulation type”, we found that the more types of regulation in
these three groups were socially shared regulation, and the co-regulation was less. It
can be seen that in the collaborative learning activities, most learners tend to discuss the
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Table 3. Characteristics of social regulation behavior.

Social regulation behavior Frequency (Group 2) Frequency (Group 3) Frequency (Group 5)

Regulation type

Co-regulation 36 14 33

Socially shared regulation 41 17 45

Regulation focus

Content monitoring 43 13 27

Task understanding 9 8 14

Process monitoring 23 5 34

Organization 2 4 2

Emotion 0 1 1

problems encountered in the collaborative learning process with the members, reach a
consensus, and finally formulate a solution to the problem. There are also some learners
who will help other members of the group to adjust their learning, such as reminding a
learner to modify the wrong content.

The results of this study show that socially shared regulation appearsmore frequently
in “regulation type”. This is the same result as Su et al. (2018) in the collaborative learning
process, and the most common type of regulation is a socially shared regulation. This
result is consistent with the characteristics of collaborative learning, that is, learners
participate in the completion of the group’s tasks, reflecting the characteristics of joint
negotiation.

In regulation focus, the three groups all appear most frequently in “monitoring”
behavior (“content monitoring” and “process monitoring”). “Group 2” and “Group 3”
have the same conclusion. “Content monitoring” behavior is the most common among
them. Learners supervise each other so as to complete the task requirements in time. And
in the aspect of “process monitoring” behavior, learners will seek peer help when they
have doubts about relevant knowledge when learning materials gave by teachers. How-
ever, “Group 5” is different from the other two groups in “monitoring” behavior. The
“Group 5” appears more “process monitoring” behavior, followed by “content monitor-
ing” behavior. In terms of task understanding, “Organization” and “emotion”, the three
groups reached the same conclusion.

The analysis results of “regulation focus” show that social regulation mainly focuses
on “content monitoring”, “process monitoring” and “task understanding” in collabora-
tive learning. Studies have shown that the regulation of task knowledge is considered
to be a high level of regulatory focus, and it plays a key role in promoting success-
ful collaboration and effective learning (Rogat and Linnenbrink-Garcia 2011). Su et al.
(2018) found that there are more “monitoring” behaviors to task knowledge in groups
with higher scores in collaborative learning, which indicates that the more content mon-
itoring, the more conducive to the construction of knowledge and the improvement of
collaborative learning performance of groups. The monitoring of the task process and
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the understanding of the task requirements are helpful for learners to reach a consensus
on the task understanding, reach a consensus on the task objectives, and complete the
learning tasks on time (Malmberg et al. 2017). The “process monitoring” behavior is the
most in “Group 5”. This conclusion is consistent with the study by Su et al. (2018) Good
collaborative learning requires constant monitoring of the learning process. In view of
the inconsistency between the conclusions of the “group 5” and the other two groups, we
speculate as follows: First, through the discussion records of the three groups of learn-
ers, we can find that the “Group 5” will specify a learner to periodically view the time
progress and word number requirements of the awareness module, while the other two
groups often have “process Monitoring” behavior when they start collaborative editing.
Second, in the activity design of Su et al. (2018), learners have obvious role assignments,
and they use wiki editing collaboration and do not provide group awareness module for
monitoring. And they need learners to constantly remind members to complete tasks
after class. There are fewer “organization” behaviors in the three groups, and our anal-
ysis may be due to the more detailed collaborative division of the learners in the task
planning module. Emotion regulation plays an important role in collaborative learning
environment (Jones and Issroff 2005; Zheng andHuang 2016). However, in our research,
“emotion” behaviors are the least. Our analysis may be caused by the following reasons.
First, our tool was not embedded with the expression package when it was designed
so that the learners could not express their views “friendly”. Second, it is also possible
that when we design activities, the time required for the learner to complete the task is
not enough. In later research, we should pay more attention to the emotional regulation
behavior of learners.

5.2 Acceptance of Scaffolding Tools Supported by Social Regulation of Learning

In order to further test the application effect of the tool, this study used the learning
analysis tool technology acceptance LAAM questionnaire (Ali et al. 2012) to test the
technical acceptance of social regulation of scaffolding tools. The questionnaire uses the
Likert five-point scale to test the acceptance of tool from four dimensions: usefulness,
ease of use, satisfaction, and perception of the tool. A total of 24 questionnaires were
distributed in this study, and 24 questionnaires were collected, of which 24 were valid
questionnaires, and the effective rate was 100%. The results of the survey are shown in
Table 4.

Table 4. Characteristics of social regulation behavior.

Dimension Sample size Mean value Standard deviation High score ratio

Usefulness 24 4.38 0.59 79.17%

Ease of use 24 4.08 0.67 75.00%

Satisfaction 24 3.94 0.76 62.50%

Perception 24 4.35 0.47 83.33%
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According to the results of the questionnaire, the average score of the scaffolding
tools in the four dimensions exceeds the median value of 3, indicating that the learner’s
overall acceptance of the tool is higher. Among them, the “usefulness” dimension has the
highest score, and the high score ratio is 79.17%, indicating that the learner recognizes
the tool’s support for social regulation of learning in the process of collaboration. The
average scores of “ease of use” and “Perception” are both above 4 points, indicating
that the learner as a whole think that the tool is relatively simple and “easy to use”, the
information provided is clear and easy to understand and is expected to continue to be
used in future collaborative learning. The score on the “satisfaction” dimension is 3.94,
and the high score ratio is 62.50%, indicating that most of the learners are satisfied with
the tool.

6 Conclusion

Social regulation of learning is the key ability to ensure the quality and efficiency of col-
laborative learning. The scaffolds supported by social regulation of learning can provide
learners with shared communication space, present cognitive, social and other group
awareness information and support evaluation feedback among learners in collaborative
situations, which is of great significance for enhancing learners’ social regulation of
learning level and enhancing collaborative learning effect.

This research enriches the scaffolds supported by the social regulation of learning
and is conducive to revealing the positive effects of scaffolding tools on learners’ online
collaborative learning. However, this study only conducted a preliminary study on the
application of scaffolding tools and failed to pay attention to the continuous effect of
learners’ online social regulation of learning ability improvement. In future research,
researchers need to apply and observe more long-term, in-depth and multi-scenarios
on the use of scaffolding tools, and examine the persistence and migration of learners’
online social regulation of learning ability and the impact on students’ learning.
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Abstract. As an important educational form, online learning has attracted mil-
lions of registered learners, and a huge number of courses are available online.
However, it is challenging for learners to identify appropriate courses from a
large course pool due to the difficulties of mapping complex learning needs to
the high-level course semantics. Several studies in the field of Natural Language
Processing (NLP) have recently gained promising performance in capturing the
semantic information. In this study, we use these NLP techniques to understand
the semantics of learning needs and courses. Specifically, we model users’ histor-
ical course records as word sentences using skip-gram with negative sampling to
obtain course semantics. Furthermore, we introduce Laplacian Eigenmaps as the
objective function and integrate the course social tags and course-user interaction
as penalty factors to fine-tune the course vectors, especially the courses of differ-
ent categories but similar contexts. The result verifies that the proposed method is
effective for recommending suitable courses for users.

Keywords: Recommender systems · Word2vec · Word embedding · Skip-gram
technique

1 Introduction

With the rapid development of the Internet and Web technologies, online learning has
attracted millions of registered students worldwide (Henderikx et al. 2017). There are
several reasons people tend to choose online learning. For example, learning online is
cost-efficient. Another reason is that there are no restrictions on time and location for
learning. Some universities or institutions also offer high-quality education free to any-
one in the online learning platforms like MOOCs. The learning environment is diverse
for learners worldwide (Castle and McGuire 2010). Besides, learning resources are
multimedia objects, such as videos, animations, and images (Lau et al. 2013). However,
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confronted with a growing number of courses, it is challenging to pick up a satisfying
course from the large course pool in an online learning platform as the semantics of com-
plex learning needs and courses are difficult to understand and match. A search engine is
one of the solutions for addressing this problem. In this method, course descriptions and
categories are the main factors for displaying the search results. In other words, if the
learner’s need is obvious and can be specified by some keywords, the search engine will
be sufficient for learners to identify their preferred courses. However, learners may not
understand their learning needs very clear in most cases. Furthermore, online courses
usually have limited text descriptions, which can be used as keyword search indices.
These keywords cannot fully represent the high-level semantics of the courses. There-
fore, the search engine is not a good solution when the learning needs are vague, or the
courses’ indices are insufficient.

The recommender systems (Resnick and Varian 1997) have been another effective
solution for the above problem. From e-commerce (e.g., Amazon (Linden et al. 2003)
or Alibaba) to online services (e.g., hotels (Zhang et al. 2015) or movie (Bennett and
Lanning 2007)), recommender systems can assist users in clarifying their true needs
and decision-making in every daily life. Recommender systems attempt to establish the
linkages betweenusers and itemsbasedonuser interaction andpredict users’ preferences.
Collaborative Filtering (CF) was one of the most popular techniques in recommender
systems (Herlocker et al. 2004). In a CF-based recommender system, similar items
(users) will be recommended based on the user’s historical preferences. Although CF
has achieved an excellent performance of recommendation, there are still some problems
in this approach. Awell-known issue of the CF-based approach is the cold-start problem.
The system cannot understand a new user’s preference as there is no or little interaction
between the system and the new user.

Moreover, current course recommender systems rarely consider course contextual
information in the historical user records (Ma et al. 2017; Bridges et al. 2018; Hidasi
et al. 2018). The course position in the records contains semantic information and can
be clustered by the semantic information. Relevant courses will share a common context
in the historical user records during a period. Word2vec (Mikolov et al. 2013a, b) is
one of the most commonly used Natural Language Processing (NLP) techniques that
transform the unstructured natural language to the normalized and structured data with
semantic information. Another issue is that learning is a spiral process of knowledge
acquisition (Diamond et al. 2008). If someone tries to gain a skill, she will choose some
similar courses at the first and most light-similar courses in the second step. Usually,
similar courses are in the same category and have similar social tags, while the light-
similar courses are not. It should be noted that the first step and the second step is not
independent but alternation. However, Word2vec assumed that words share a common
context will have a similar word vector. This hypothesis makes it difficult to distinguish
two courses that share the same context but in different categories.

In this paper, we propose a course recommendation method by Word2vec paradigm
through social tags. Firstly, we treated historical user records as the training data and
used a content-based recommendation method to overcome the cold-start problem. Then
we introduce Laplacian Eigenmaps as the objective function, and the course social tags
and course-user interaction as the penalty factor, to fine-tune the vectors generated by
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the language model Word2vec. One of the advantages of the proposed method is that it
can still have a stable performance for new users who have limited interactive data. The
other advantage is that using penalty factors will weaken the influence of light-similar
semantics and improve the recommendation’s accuracy.

The remaining sections of this paper are organized as follows: Sect. 2 formalizes the
problem of course recommendations. In Sect. 3, we introduce the proposed model which
exploits Course2vec and integrates social tags in our proposed course recommender sys-
tem. The experimental results are shown in Sect. 4. Finally, we summarize this research
and discuss future directions in Sect. 5.

2 Problem Formalization

We formalize recommending courses based on historical user records and course
attributes into an embedding problem. The goal is to learn XC ∈ R

|V |×d , where XC

is a low-dimension vector of courses, and d is a small number of latent dimensions.
For each user u ∈ U, U = {

u1, · · · , u|U |
}
, given his profile, i.e., the historical course

records Qu = (c1, · · · , cn) with cn ∈ C, Q is the set of all user historical course records
Q = (Q1, · · · ,Qu) and course attribute C = {

T1, · · · ,T|C|
}
, Ti is the course social tag.

We aim to obtain the course vectors with historical user course records Q and course
attribute C as formula 1.

XC = f (Q,C) (1)

3 The Proposed Model

This section gives an overview of the proposed model, then introduces a language algo-
rithm to transform historical user records, and finally uses Laplacian Eigenmaps as the
objective function to train the entire model. Our study’s core contribution is that we
further divide course contextual information into two types of semantic information
based on the principle of knowledge acquisition. We define these two types of semantic
information as follows:

Similar semantics: Courses share the same contextual information in the historical user
records, and in the same category, share common social tags.

Light-similar semantics: Courses share the same contextual information in the historical
user records but in different categories and have different social tags.

These two kinds of semantic information will cross-over be occurred in the user
learning records. Therefore, Word2vec paradigm’s significance through social tags in
a recommender system include the following two aspects. Firstly, courses that have
the same contextual information will locate closely in the low dimension vectors by
extracting the semantic information from user behavior records. Secondly, the course
vectors with social tags to distinguish similar semantics and light-similar semantics can
be fine-tuned.
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3.1 Generic Framework

We propose a course recommender system which exploits Word2vec to obtain semantic
information (e.g., Bengio et al. 2013) fromhistorical user records and integrate the course
social tags and course-user interaction. Figure 1 illustrates the generic framework of the
proposed model. The left part of Fig. 1 denotes using Word2vec to obtain the course
vector, while the right one demonstrates integrating social tags to adjust the vectors.

Fig. 1. The overall framework of the proposed model

3.2 Course2vec

Word2vec is most commonly used in NLP. It is a two-layer neural network model of
natural language processing topics introduced by Google in 2013 (Mikolov et al. 2015).
In Word2vec, sentences are regarded as an ordered sequence of words as the model
input, train the network model and generate the vector to represent the word based on
the assumption that words share the same context should have a close position in the
target dimension. Compared to other language models like TF-IDF and Latent Semantic
Analysis, these generate vectors to make the semantic information abundant (Zhao and
Shang 2010) and can easily be used in the downstream tasks as word clustering and
classification. User historical records can be modeled as sentences inWord2vec because
they are both generated by basic elements based on semantic rules. Words co-occurred
in the sentence contain semantic information, while relevant courses are located closely
in the records during a period.

Word2vec contains two sub-models which are the CBOWmodel and the Skip-gram
model. These two models can be used in different scenarios. In the CBOW model,
surrounding words are the input; the model estimates the center words’ likelihood.
While in the Skip-gram model, center words are the input, the model aims to predict its
neighbors. As our goal is to predict the next selected item based on the existing records,
this study employs the Skip-gram model.

Similar to Word2vec, we propose the Course2vec to model the course represen-
tation. Given the set of courses Qu = (c1, · · · , cn) taken by one user. Sequences
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Q = (Q1, · · · ,Qu) are the ordered course list. We aim to maximize the probability
of the contextual words in the sequence.

yt = 1

T

∑T

t=1

(∑

−c≤j≤c,j �=0
log p

(
ct+j|ct

))
(2)

where c1, . . . , cT are courses in the training corpus, and c is the length of the window
around target course ct . Train the network by feeding it word pairs <ct+j, ct>. The
probability Pr

(
ct+j|ct

)
, the important part of the objective yt , is given by SoftMax:

Pr
(
ct+j|ct

) =
∑

evct+j .vct

∑
c′∈C ev

′
c.vct

(3)

where vct and vct+j ∈ R
d are vector representations for course ct and ct+j, respectively.

Training the whole neural network indicates maximizing the function Pr
(
ct+j|ct

)
. In

other words, each training Pr
(
ct+j|ct

)
will adjust all the neural network cells, which

will slow down the training process. Negative sampling addresses this problem by only
modify a small number of negative courses to update the weights. The objective function
can be defined as follows:

J = logσ(cw.ct) +
∑k

i=1
logσ

(−cN ,i.ct
)

(4)

where σ denotes the sigmoid function, and k is the total number of randomly selected
negative courses.

3.3 Laplacian Eigenmaps

Although the users’ historical records contain contextual information, language models
can transform contextual information into vectors. There are two types of semantic
information: similar semantics and the other is the light-similar semantics. To deal
with this issue, we propose to use Laplacian Eigenmaps as the objective function to
generate the low-dimensional representation and fine-tune the course vectors obtained
by Course2vec, especially courses share common context but in different categories.
The objective function is defined as follows:

L = μij
∣∣∣∣yi − yj

∣∣∣∣2
2 (5)

where yi, yj is the final vector of courses i, j, μij is the weight between them. In the
model, μij is a penalty factor, if there is a slight penalty, course i and course j will locate
far in the final space. We aim to minimize the objective function to ensure that yi and yj
are close if course i and course j have a heavy penalty.

argminL = μij
∣∣∣∣yi − yj

∣∣∣∣2
2 (6)

In our model, there are two factors related to μij. The first one is the number of
common interactive users, and the second one is the number of social tags, μij can be
defined as follows.

μij = Ui ∩ Uj

Ui ∪ Uj
+ Ti ∩ Tj

Ti ∪ Tj
(7)
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whereUi is the set of user enroll course i andUj is the set of user enroll course j, Ti is the
set of social tags of the course i, and Tj is the set of course j social tags. These social tags
are obtained by using Text-CNN (Kim 2014) from analyzing the course introduction and
user online comments. To solve our model’s objective function, we regard the course
as the node in the graph. Given a network G = (V ,E), in which V and E are the set
of course node and edge, respectively. We can obtain course adjacency matrix S. For
each instance in S, wi = {

μij
}n
j=1, μi,j means the links between ci and cj. Therefore, the

objective function can be rephrased as follows:

argminL = μij
∣∣∣∣yi − yj

∣∣∣∣2
2 = 2tr

(
YTLY

)
(8)

where L = D−S,D is the diagonal matrix, andDi,i = ∑

j
si,j, Y is the prediction vector.

Finally, the model generates the final representation of the course with the user’s histor-
ical behavior information. In this paper, cosine similarity is employed for measuring the
courses’ similarity with the low-dimensional vectors. At last, top-N most similar courses
will be recommended to the user based on the course similarity.

4 Experiment

In this paper, the dataset was introduced in the section ofMOOC data selected fromXue-
tangX. XuetangX, launched in October 2012, provided over 1,000 courses distributed
12 categories from art, biology to computer science. More than 10,000,000 users have
registered in XuetangX. In this experiment, we selected enrolled behaviors from Octo-
ber 1st, 2016 to December 30th, 2017, as samples. Each instance in the training set was
a sequence of historical records. For each course, we constructed social tags by using
text-CNN to extract from the course introduction. In this experiment, we selected the
top-5 social tags as the course tags. Table 1 showed the social tags of some courses.

Table 1. The social tags of sample courses

Course Social tags

Java Programming: Solving Problems with
Software

Programming, Duke university,
Problem-solving skills, Java program, Harder

Introduction to Computer Science and
Programming

Computer Graphics, Mathematic, JavaScript,
Computer Programming, Beginner

Mathematics for Machine Learning Machine Learning, Beginner, Data Science,
Python Programming, Gradient Descent

Firstly, we sorted the user-selected historical records during the period as the dataset.
Then, we built a Course2vec model using python and genism to transform the semantic
information to the word representation. Finally, to avoid courses in different categories
share common context in Course2vec, we used the Laplacian Eigenmaps method as the
objective function to fun-tune the Course2vec vectors. The penalty factor in the objective
function was based on user-item-tag interaction.
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Metrics and Baselines. We compared our proposed method with the following two
methods measured by the two metrics: Recall@20 and Precision@20.

Collaborative Filtering (CF): This method regarded the user-item interactions as the
original user vector. If the user enrolled in the course, the interactive matrix’s value
equals 1, else 0.

Matrix Factorization (MF): This methodmodeled user preferences by decomposing the
user-item interactive matrix to obtain user and item embeddings.

Parameter Settings. To gain the course vectors by Course2vec, we constructed the
model with a 64-dimensional course vector as output, selecting five neighbors as the
context, five courses as the negative, and neglecting the course that had been occurred less
than five times. Here we chose a relative high dimension vector because high dimension
reserves rich information, and in the following step, Laplacian Eigenmaps reduced the
number of vector dimensions to 32. According to each course’s selected records, we
obtained the similarity of each course by the course vector and recommend top-N courses.

Table 2. Performance of course recommendations by using different models

Method Recall@20 Precision@20

CF 32.10% 21.96%

MF 35.30% 22.50%

Course2vec 35.70% 22.70%

Course2vec ++ 35.80% 23.00%

Table 2 showed the results of course recommendations in terms of Recall@20 and
Precision@20. Course2vec ++ was a model of the Course2vec with course social tags
and course-user interactions. The proposed Course2vec and Course2vec ++ models
outperformed all baselines. The second best performance achieved by Course2vec also
verified that incorporating semantic information can improve the effectiveness of the
recommendation. Course2vec ++ achieved the best performance and was lightly better
than Course2vec. Table 3 showed a qualitative example of recommendation results for
a specific user (i.e., the user id is 58 in the dataset) by using two different models (i.e.,
Course2vec and Course2vec ++).
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Table 3. A qualitative example of recommendation results of a specific user (id 58)

Course name Recommend Results

Course2vec Course2vec ++

Advanced Machine Learning Mathematics for Machine Learning Mathematics for Machine Learning

Machine Learning with TensorFlow Machine Learning with TensorFlow

Python 3 Programming Data Science: Statistics and Machine Learning

Data Science: Statistics and Machine Learning Deep Learning

Python for Data Science and AI Machine Learning with Python

5 Conclusion

This paper proposed amethodof course recommendation. First,we represented the user’s
historical records as word sentences through exploiting the skip-gram with negative
sampling to obtain course embeddings. To avoid two types of semantic information
that share common context in the records, we integrated the course social tags and
course-user interactions as penalty factors to adjust course embeddings under different
categories. Experimental results showed that Course2vec captured semantic information
from the records. Compared to recommendations based on Course2vec, Course2vec +
+ improved the recommendation accuracy. However, this paper focused on observed
interactions between users and courses from the perspective of their bipartite graph. For
our future research, we plan to integrate information extracted from unobserved items
to improve the recommendations’ accuracy and serendipity.
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Abstract. As a prevalent type of internet technology for social interaction and
collaboration, social media have been increasingly used for educational purposes.
This paper presents a review of the research work on their uses, benefits and limi-
tations for teaching and learning in higher education contexts. It covers a total of
77 articles published from 2010 to 2019 which were collected from Scopus and
Google Scholar. The uses of social media revolved around two major areas—as a
learning management system and a means to enhance students’ engagement. The
benefits of using social media covered students’ satisfying experience in collabo-
rative learning, engagement in learning activities, real-time communication, and
knowledge sharing, as well as communities of practice; and such benefits have
been shown to have a relationship with the improvement of learning outcomes.
The limitations covered concerns about blurring boundaries between public and
private life and between teachers and students; the effectiveness for the construc-
tion of knowledge; a lack of pedagogical and technical skills; and compatibility
with instructional design. The studies also reveal the changing role of teachers
and their need to innovate teaching practices with effectively utilised features of
social media. Finally, the results suggest future work to be done for promoting the
educational use of social media and enhancing their effectiveness, such as support
from institutional policies on technology-enhanced learning and the promotion of
teaching innovations.

Keywords: Social media ·Web 2.0 · Higher education · Engagement ·
Interaction · Learning outcomes

1 Introduction

Socialmedia, also calledWeb2.0 and social software, are the types of internet technology
that provide a channel for social interaction and collaboration (Dabbagh and Kitsantas
[7]). They allow users to engage in and share content in a digital environment. The use of
social media has become increasingly prevalent. For example, the Pew Research Centre
[32] found that, in 2019, more than 70% of adults in the United States used at least one
type of social media, and 90% of those aged between 18 and 29 did so.

Along with the popularity of social media, there has been a growing interest in its
use for teaching and learning purposes. For example, social media have been used by
educational institutions as a kind of learning management system (LMS). Skype has
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been employed to allow students to join first-hand interviews with domain experts; and
WordPress has been adopted by students to develop their e-portfolios for performance-
based assessment (Dabbagh and Reo [8]).

The various initiatives on social media have demonstrated its potential to support
active and informal learning so as to strengthen students’ interaction and engagement
inside and outside classes. A key feature of social media is the production of user-
generated content. Rennie and Morrison [35] claimed that promoting learners’ genera-
tion of educational content with the aid of social media enables them to actively construct
their knowledge instead of passively absorbing information provided by teachers. More
importantly, the virtual community space on social media supports learners’ commu-
nication with others with similar learning preferences from around the world, which
motivates them to learn and persist.

However, there are also limitations in the educational use of social media. For
instance, it is challenging to strike a balance between the informal and academic use of
social media. Manca and Ranierit [22] found that the pedagogical affordances of Face-
book have not been fully realised and obstacles such as cultural issues can deter people
from adopting it as an effective learning environment. How to overcome the barriers in
order to realise the pedagogical potential of social media remains an important issue to
be addressed.

This paper aims to give a comprehensive and systemic review of the researchwork on
this area in order to provide an overview of the use of social media in higher education.
It focuses on the ways social media have been used in teaching and learning, as well as
the benefits and limitations.

2 Related Studies

The increasing significance of social media—particularly among young people—has
resulted in the proliferation of related studies. For example, Balakrishnan and Gan [4]
analysed its usage for learning in relation to university students’ learning styles. They
revealed a range of factors influencing students’ intention to use social media for learn-
ing, such as their self-efficacy and perceived usefulness, as well as the communication
functionalities of social media. Also, Manca and Ranieri [23, 24] examined the patterns
of higher education scholars on using social media in academic practices, and identified
the key variables affecting the frequency of use, such as the scientific discipline, age and
seniority of the scholars.

As regards the benefits of social media use, Hung and Yuen [14] found that students
could develop social connectedness and increase engagement when social networking
sites were used as supplementary tools for learning. In addition, Gikas and Grant [13]
traced students’ use of social media together with mobile devices in the courses of three
universities for two semesters, and showed that the students demonstrated enhanced
collaboration and interaction, as well as engagement in content creation, when they used
social media.

However, the relevant literature has also raised problems when implementing social
media in teaching and learning. For instance, Brooks and Pomerantz [6] surveyed stu-
dents’ feedback on social media use and showed that nearly half of them preferred less
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use of social media by instructors as a learning tool. They pointed out that students may
be less enthusiastic about engaging in learning activities involving social media which
require them to “use their private devices and accounts or produce content for the con-
sumption of others”, “unless faculty clearly and openly state the pedagogical benefits…
to enhance content, context, and learning expectations” (p. 24). Also, Moran, Seaman
and Tinti-Kane [29] presented the barriers to widespread adoption of social media for
teaching as perceived by faculty staff where the top concerns lay in privacy issues and
the integrity of student submissions.

The literature reviews in this area, however, have not yet presented a comprehensive
summary of relevant findings. They have only provided an overview of how different
researchers have approached the topic, or their general views on the educational potential
of social media (Evans [11]; Manca and Ranierit [22]). This paper aims to address the
literature gap through analysing the academic practices on social media.

3 Methodology

This study aims to investigate the case studies of higher education institutions involving
teaching and learning practices on social media, as well as the benefits and limitations
as revealed from the practices. Relevant cases studies were collected from Scopus and
Google Scholar, using the key terms (“socialmedia,” “higher education” and “teaching”).
The period of the publications was 2010 to 2019. The articles collected were further
checked by filtering out the duplicated ones, as well as those not written in English. In
addition, the following inclusion criteria were applied for selecting relevant case studies:

i. They reported one or more empirical practice involving the use of social media in a
higher education institution.

ii. They contained the details of social media use, such as the purpose, detailed
description of implementation, outcomes, and evaluation.

A total of 77 case studies were selected following the above criteria. They were anal-
ysed in terms of the characteristics of the social media use. The benefits and limitations
were also identified and categorised from the case studies according to the outcomes or
evaluation results reported.

4 Results

4.1 Use of Social Media

The use of social media as reported in the case studies revolved around two major
areas—as a learningmanagement system and ameans to enhance students’ engagement.

As a Learning Management System
Some institutions used social media as an alternative to learning management systems
(LMS) such as Moodle or Blackboard, with the aim of enhancing the involvement
of students outside the class. The social media sites served as a platform to display
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course announcements, manage course materials, and collect assignments. Their use
was intended to address the unfavourable attitude of students towards the design of
traditional LMSs, which were then used mainly in campuses as a consequence (Deng
and Tavares [10]). In contrast, the community-building and sharing functions of social
media would be more attractive for students and motivate them to access the social
media sites outside the campus. For example, Albayrak and Yildirim [2] reported the
practice in a university in Turkeywhere instructorsmade use of Facebook to share course
information, make announcements, provide learning activities, and conduct discussion.

As a Means to Enhance Students’ Engagement
It is also common for institutions to make use of social media to conduct learning
activities as a means to enhance students’ engagement in both formal and informal
contexts. The activities may cover those conducted in class or students’ self-directed
course-related activities outside the classroom, such as interaction among peers. For
example,Menkhoff, Chay, Benggtsson,Woodard, andGan [28] used Twitter for students
to express views and ask questions during class time. Also, McCarthy [25] reported a
practice in the University of Adelaide where students were required to upload their work
to Facebook and comment on peers’ submissions. In this regard, Irwin, Ball andDesbrow
[15] said that social media offer a new space for developing academic connections,
communication and collaboration.

4.2 Benefits

Figure 1 shows the benefits of social media use and the percentages of case studies
which reported them. Overall, the benefits covered students’ experience in collaborative
learning, engagement in learning activities, real-time communication, and knowledge
sharing, as well as communities of practice.

0% 3% 6% 9% 12% 15% 18% 21% 24%

Fostering communities of practice

Enhancing knowledge sharing among users

Enabling two-way communication in real
time

Attracting students to visit them and
engage in learning activities

Offering students a satisfying collaborative
learning experience

Fig. 1. Percentages of case studies which report the benefits of social media use
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Offering Students a Satisfying Collaborative Learning Experience
Social media are perceived to have the potential to foster collaborative learning. Through
its use, students are able to interact with their peers on problem-solving, and co-construct
and share knowledge. Given the more satisfying learning experience, they may also pay
more attention in the class and be eager to discuss course-related issues after class.

This benefit has been most commonly reported in the case studies. For example,
Laborda and Litzler [17] presented students’ feedback on Web 2.0 tools, with 90% of
them agreeing that the tools could promote cooperation among classmates.

Attracting Students to Visit Them and Engage in Learning Activities
Compared with traditional LMSs, students have tended to visit social media more fre-
quently. This benefit has beenwidely reported asmeasured by the numbers of comments,
views, and ‘likes’ for the social media sites. Lieberman [20] showed the popularity of
Facebook among students—it was checked by about 60% of students several times a
day, while Blackboard was checked only once a day by a similar proportion of students.

Themore frequent use of socialmedia can also help to promote students’ engagement
in learning activities. In general, students were more active in social media in terms of
participating in discussion, asking questions, joining activities, and reading others’ posts
(Hung and Yuen [14]). Also, McCarthy [26] reported students’ feedback that in online
discussion they felt more comfortable in expressing themselves and commenting on
others’ work or ideas.

Enabling Two-Way Communication in Real Time
Social media feature real-time communication and serve as channels for close inter-
action between instructors and students that allows individual mentorship. Relevant
case studies have shown students’ preference for communicating and discussing course-
related materials with fellow students via social media. For example, Ahern, Feller and
Nagle [1] reported students’ comments that communication on Facebook was efficient
because members of Facebook groups shared a relevant background and information.
O’Boyle [31] also presented students’ positive perception of Facebook andTwitterwhich
allow users to interact and receive responses efficiently. They also promoted face-to-face
interactions between students and instructors, as students would feel more comfortable
approaching in person instructors who have already interacted with them via the social
media (O’Boyle [31]).

Enhancing Knowledge Sharing Among Users
Social media have been shown to be effective platforms for requesting and sharing
subject-related materials. Their ease of use and immediate communication are two main
factors which make its use attractive for sharing information. Studies such as Neier and
Zayer [30] and Sobaih and Moustafa [37] presented students with social media sites to
share course materials, and the students reported their positive attitude and experience
where they could do so without anxiety.

Fostering Communities of Practice
The enhancement of communication among different learners and teachers on social
media sites has promoted a community of inquiry and community of practices, as well
as fostering a close relationship among them. For example, Feliz, Ricoy and Feliz [12]
found learners’ high degree of commitment to Twitter, which helped them to create a
sense of belonging to the community.
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4.3 Limitations

Figure 2 shows the limitations of social media use and the percentages of case studies
which reported them. The limitations cover concerns about blurring boundaries between
public and private life and between teachers and students; the effectiveness for the
construction of knowledge; a lack of pedagogical and technical skills; and compatibility
with instructional design.

0% 3% 6% 9% 12% 15% 18%

Compatibility with instructional design

Lack of pedagogical and technical skills

Doubts about the effectiveness for critical
construction of knowledge

Concerns about blurring boundaries
between public and private life and

between teachers and students

Fig. 2. Percentages of case studies which report the limitations of social media use

Concerns About Blurring Boundaries Between Public and Private Life and Between
Teachers and Students
Despite the effectiveness of social media in promoting interaction, students may have
reservations about accepting teachers and classmates as their “friends” on social media.
Some students hope that their academic discussion is kept private, instead of being
viewed by all of their friends on social media. For example, Megele [27] raised the issue
of how to balance individual privacy and the ease of disseminating learning materials as
an important ethical consideration for institutions.

Also, while the distance between teachers and students has been decreased through
their interaction on social media, studies have also pointed out users’ concerns about
blurring the boundaries between their relationships that would affect the effectiveness
of teaching and learning. Shelton [36] surveyed faculty staff’s feedback on this and
revealed the limitation of Facebook as a social learning space.

Doubts About the Effectiveness for Critical Construction of Knowledge
While social media are effective in promoting students’ engagement, their effectiveness
in enhancing learning outcomes remains doubtful. For instance, Rambe [33] illustrated
the difficulties in facilitating quality academic discussions on social media sites which
may foster students’ learning at the conceptual level. Some students may just read the
messages and share course-related information on social platforms but seldom respond
to questions (Lin, Hoffman, and Borengasser [21]). Besides, the length limit of each
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message imposed by some social media may also hinder reflective thinking and in-depth
discussion (Kassens-Noor [16]).

Lack of Pedagogical and Technical Skills
The effective use of social media also depends on teachers’ pedagogical and technologi-
cal skills. Studies have revealed that some teachers lack sufficient skills andmay question
the potential pedagogical benefits of social media, or follow the traditional ways of using
LMS (Veletsianos, Kimmons, and French [38]). Students may also encounter technical
difficulties during the classes that are instructed with social media. For example, Demir-
bilek [9] found that, despite their familiarity with the general use of social media sites,
students may not be familiar with learning activities (e.g. wiki-based learning) carried
out on them.

Compatibility with Instructional Design
The use of social media alone may not lead to desirable pedagogical outcomes. Some
studies have suggested that the effective pedagogical use of social media should be
combined with suitable instructional design, where little integration between them may
deter the effectiveness of practices (Rambe and Nel [34]).

5 Discussion and Conclusion

The results of this study show the use of socialmedia sites byhigher education institutions
for educational purposes. They have been widely adopted as channels to enrich students’
learning engagement. The features of social media on community- building and easy
sharing of information have been shown to promote learning as an alternative to or
replacement of traditional LMS. This suggests the importance of social interaction as an
essential part of students’ online learning experience, which has been verified in relevant
studies (Li, Lee, Wong, Yau, and Wong [18]).

The benefits of social media as shown in the case studies cover mainly the enhance-
ment of visibility and accessibility of course materials as well as learners’ participation
in online discussion and collaboration. These advantages are highly attributed to the
popularity of social media among students—nearly all of them have at least one account
and tend to be active on the sites, and so can check and reply to posts frequently. The
benefits have also been shown to have a relationship with the improvement of learning
outcomes, such as academic performance (Al-rahmi, Othman, Yusof and Musa [3]) and
skills (e.g. critical thinking, summarising and collaborating skills) (Demirbilek [9]).

The limitations of social media use reveal the concerns of learners and teachers
about adopting this channel for educational purposes, such as blurring the boundaries
between public and private life aswell as between students and teachers, and the changing
role and practice of teachers in the classroom. While teachers’ involvement is vital
for the educational use of social media, the social media themselves should also be
accompanied by a clear pedagogical objective (Brooks and Pomerantz [6]) and existing
instructional practices may not be as effective on this channel as those in traditional
learning environments (Manca and Ranieri [23, 24]).

Such limitations and concerns suggest future work to be done for promoting the
educational use of social media and enhancing their effectiveness. For example, Bennett,



Social Media in Higher Education 255

Bishop,Dalgarno,Waycott, andKennedy [5] proposed early the integration of traditional
LMSwithWeb 2.0 tools to extend their functions for improving interactionwith students
using the ways popular among them. Institutional policies should also include support in
technological and pedagogical aspects for students and teachers on the educational use
of social media to address the limitations. This would involve the refinement of relevant
frameworks for institutional policies on technology-enhanced learning (Wong, Wong
and Pang [40]), the promotion of teaching innovations among teachers (Wong [39]), and
the exploration of means to incorporate the features of social media into personalised
learning approaches (Li and Wong [19]).
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Abstract. This study compared and contrasted Automated Writing Evaluation
system feedback (hereinafter referred to as “AWE feedback”) with peer feedback,
and obtained the views of the teacher and students of both types. A mixed-method
approach was used to assess their impact on the writing performance of 64 second-
year non-English-major students in two classes at a college. The scores given to
students’ assignments were analyzed, with results indicating that both types of
feedback can significantly improve students’ writing scores. To further explore
which aspects of students’ writing are impacted, some textual features of the texts
were analyzed. We found that AWE feedback significantly improved accuracy,
lexical diversity and syntactic complexity, while peer feedback only significantly
improved accuracy, but not lexical diversity or syntactic complexity. Classroom
observations and interviews were conducted and a questionnaire administered to
gain the teacher’s and students’ perspectives on different types of feedback. The
implications for implementing both types of feedback and integrating them into
classroom teaching effectively are drawn out.

Keywords: AWE feedback · Peer feedback ·Writing performance ·
Non-English-major student

1 Introduction

Writing is an essential component of students’ English proficiency, and feedback has
a pivotal role to play in the English as a Foreign Language (hereinafter referred to as
EFL) writing classroom. As a central part of teaching Second Language (hereinafter
referred to as L2) writing to students, feedback has taken on various forms over the past
decades.While a universally agreed taxonomy of feedback strategies in L2writing is still
absent in the literature, some major forms are discernible in terms of their paradigmatic
orientations towards writing pedagogy.

Teacher feedback has been acknowledged as one of themost useful types of feedback.
However, the use of the processwritingmethod has also led to a trend of replacing teacher
feedback with peer feedback, writing workshops, meetings and AWE feedback (Hyland
and Hyland 2019).
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Correspondingly, as an auxiliary means of teacher feedback, research on peer feed-
back and on AWE feedback in English as Foreign Language (EFL) writing has grown
enormously in the past two decades. But most such research investigated either AWE
feedback or peer feedback, and some compared either AWE feedback or peer feedback
with teacher feedback. There have also been some studies on integrated feedback. The
difference between AWE and peer feedback and how the two types can be integrated in
the EFL classroom is still an active research field.

In this study we compared and contrast the impact of AWE feedback with that
of peer feedback on non-English majors’ writing performance, and the participating
teacher’s and students’ views of using such feedback for the revision of their writing.
We suggest that both types of feedback can significantly increase the scores given to
writing assignments but teacher should make the most of AWE feedback in improving
the lexical diversity and syntactic complexity of students’ essays.

2 Background

2.1 Progress Writing Theory

In theories of writing and research into writing, the understanding of the essence of writ-
ing has undergone a change from “product” to “process”. Behaviorist learning theory
holds that study is a stimulation-reaction-strengthening process, and so writing is con-
sidered a “habit” that requires to be continually developed and enhanced. However, this
perspective on writing completely ignores both the objectives and the readers of writing,
and thus overlooks the importance of thinking, i.e., of planning. While traditional views
of writing overemphasize the product view, good writers focus on thinking about who
they are writing for and what they wish to say instead of grammar, which makes writing
a combination of process and product. Process writing theory emphasizes the writing
process itself and advocates learning to write through writing, with the process divided
into three periods, pre-writing, writing, and revision after writing, with emphasis placed
on the importance of revision to improve the writing ability of students.

2.2 Peer Feedback

Peer feedback, also called peer review, is an activity used in the L2 writing class (Yu
and Hu 2017). Peer feedback has been adopted as a new strategy in teaching writing to
students to promote cooperative learning and autonomous learning. In the current study
peer feedback refers to the process in which learners give feedback on texts written by
other learners in the same learning period, more specifically to the writer of a given
text. Peer feedback may include the rating of a text and any comments produced in the
process of providing feedback.

A key question with regards to peer feedback research is how effective peer feedback
is and what value it offers. Most studies so far have compared the effectiveness of peer
feedbackwith teacher feedback (Yang et al. 2006). Such comparative studies havemainly
drawn two conclusions, namely that peer feedback is effective in improving students’
learning autonomy (Yang et al. 2006) and in reducing the number of language mistakes
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(Diab 2011). Peers are more like “real readers” instead of “judges”; besides, it is thought
that peer feedback might provide fresh ideas and suggest expressions different from
those given in teacher feedback. It is also thought likely that some of the feedback might
be adopted by students to improve their writing quality (Yang et al. 2006).

2.3 AWE Feedback

AWE feedback is “feedback for electronic writing generated by a computer system”
(Stevenson and Phakiti 2019, p. 125). The study is concerned with feedback generated
by an AWE system instead of feedback provided by teachers or peers, with computers as
the medium of writing and receiving feedback. The AWE system has been steadily used
in the classrooms of many primary schools, high schools, universities and colleges; and
it has been used more and more frequently in the last few years (Stevenson and Phakiti
2014). The biggest and most popular AWE system in China is Pigai.

The key to the study of AWE feedback is being able to verify the reliability and
validity of the AWE system regarding consistency between AWE feedback systems and
manual feedback systems (Stevenson and Phakiti 2014). The results from a majority of
studies show that there is great consistency between AWE feedback systems and manual
feedback systems. The AWE feedback system, as a “virtual reader”, can provide timely
feedback, including student writing statistics, and many opportunities for practice and
revision, thus stimulating students’ motivation to write and revise; it also spares teachers
from a heavy correction workload (Grimes andWarschauer 2010). Further, it is likely to
improve students’ learning autonomy (Zhang and Hyland 2018). Besides, many studies
have noted the positive effect of AWE feedback on students’ overall score and error rate.

However, researchers also found that the identification of errors was not as good as
in teachers’ feedback. While students recognized that the feedback was provided by an
AWE system, they showed by their actions that they ascribed more value to teachers’
feedback (Dikli and Bleyle 2014). In addition, the AWE system cannot evaluate and
promote particular content, ideas, and structures. In fact, in a way it promotes a primarily
formalist approach to writing, for example, an essay getting a high score by the AWE
system does not mean that it is a good essay. In other words, while the writing of a human
being might be complicated and diverse, the feedback of an AWE system is superficial
and inflexible. Whether an AWE system can truly evaluate the writing of a human being
is up for debate. Besides, some teachers and students think the feedback provided by an
AWE system is neither accurate nor clear.

2.4 Integrated Feedback and the Gap

More and more Chinese scholars have focused on the combination of multiple feedback
resources to build up an integrated feedback mechanism. The three most popular feed-
backmethods are AWE feedback, peer feedback, and teacher feedback, with four combi-
nations in total: AWE feedback + teacher feedback, peer feedback + teacher feedback,
AWE feedback + peer feedback, AWE feedback + peer feedback + teacher feedback.
Researchers have been mainly interested in the first two combinations. Although the
fourth one has also been investigated (Li 2019), a key question has not been answered in
these studies: 1) Why do they pay such attention to the role of AWE feedback in some
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integrated feedback model, and even claim that their model is based on the AWE system
(Li 2019)? Sincemost studies showed that bothAWE feedback and peer feedback tend to
focus on surface language errors and neglect content and overall structure, a comparison
of the effectiveness of these two feedback methods is needed. Although several studies
suggested a combination of peer feedback and teacher feedback based on MicroBlog
– a Chinese social media blog (Liu and Wang 2010) – or the peer feedback system
Peerceptiv (Gao et al. 2018), these two systems in the two feedback combinations only
played a role of an online platform without actual AWE feedback, so a study of these
could not be considered a study comparing AWE feedback and peer feedback.

In the study we set out to answer the following three questions:

1) To what extent do AWE and peer feedback influence Chinese EFL learners’ English
writing scores?

2) To what extent do AWE and peer feedback influence textual features of Chinese
EFL learners’ English writing?

3) What are teachers’ and students’ perceptions of AWE feedback and peer feedback?

3 Research Methodology

3.1 Participants and Procedures

The study sample (n= 64) comprised two intact classes of students in the first semester
of their second year in a Chinese college, whose native language is Chinese and their
teacher—Mr. W. Their ages ranged from 19 to 22 years, and they had not taken part in
any kind of peer feedback or AWE feedback before this study. The researchers sought
and gained the participants’ consent to carry out research on their texts. The original
drafts by the students in the two classes were graded by the teacher and one of the
researchers (see Sect. 4.1). The average of two reviewers’ scores was weighted as the
final score of the texts, which was not communicated to the students. To explore whether
the overall scores of their original draftswere statistically different, independent-samples
t-tests were conducted which revealed no statistically significant difference, indicating
a similar writing performance at the beginning of the study.

One of the two classes was randomly chosen as the peer feedback group, and the
other as the AWE feedback group. As shown in Fig. 1, students were asked to write an
application for a campus club or society before class started tominimize the time pressure
for students (Yu and Lee 2014). The test material was chosen by the teacher according to
her teaching schedule to keep the class as close to the natural writing class as possible.
After some simple training, the students received feedback from either the AWE system
or their peers, after which they revised their draft according to the feedback. In the
training of the peer feedback group students could choose a pair partner they trusted;
theywere also allowed to use their L1 so they could “more fully participate in developing
their ideas for writing” (Pennington and Yue 1996, p. 243). In the half-hour training, the
teacher modelled giving feedback on a student’s draft (Chang 2015), with the help of the
peer feedback sheet and using the think-aloud method, then students reviewed a sample
paragraph for practice following the teacher’s instruction. After training, each student
was asked to review two drafts in the space of 20 min. In the first 10 min training of the
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AWE feedback group, the teacher instructed students to download the Pigai application
and log in; then students were given 15 min to enter their texts into the system. The
teacher then demonstrated how to revise their draft according to the feedback, which
took about five minutes.

Fig. 1. Procedure of the quasi-experiment and training

Students in both groups were told that in the revision stage they could decide whether
to follow the advice received as part of the feedback or not and that they could disregard
it if it did not fit their texts. Students were allowed one week to revise their original
draft. Survey questionnaires were distributed, filled out, and collected in class. Semi-
structured interviews with the teacher and four students (two higher-level and two lower-
level students) in each group were conducted after they had submitted their final drafts.
Each interview lasted approximately half an hour and was conducted in Chinese.

3.2 Instruments

As mentioned above, the current study adopted a combination of quantitative and qual-
itative data collection methods. Data, including students’ original drafts and revised
drafts, teachers’ scores for these texts, and textual feature indices of these texts, were
collected for quantitative analysis, and classroom observations and interviews with the
teacher and students were conducted for qualitative analysis.

AWE System. Pigai (literally meaning “correction” in Chinese) is an AWE system
application designed for assessing the quality of writing by Chinese learners of English.
It generates a holistic score, general feedback, sentence-based analysis and class ranking,
all in Chinese (see Fig. 2 for a snapshot of the English version).

AWEscores are based on the extent towhich a student’s text alignswith a large corpus
of human-scored essays on 192 dimensions (e.g., average sentence length and the number
of conjunctions). The system provides 11 holistic score scales for task-setters to choose
from, ranging from 0–5 to 0–100 points, but no scoring rubrics are available online.
General feedback covers several dimensions such as vocabulary, sentence, structure and
organization, and content relevance, with a bar graph illustrating the relative strength
or weakness of the text in each of these areas. The sentence-based analysis includes
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Fig. 2. Snapshot of feedback from Pigai

feedback on collocations (based on a corpus), word choices, verb forms, tenses, spelling,
punctuations, etc. for every single sentence (see Fig. 2). The sentence-based analysis
comprises mostly corrective feedback accompanied by further information regarding
the dimensions it checks.

Measures of Textual Features. Foster and Skehan (1996) proposed a now widely
acceptedmodel for measuring the textual features of essays covering three aspects: accu-
racy, fluency and complexity, with the complexity able to be further divided into lexical
diversity and syntactic complexity, a model adopted bymany studies. As numerous stud-
ies show the importance of cohesion (McNamara et al. 2014), cohesion is analyzed as
well.

The researchers entered 64 original and revised drafts of the peer feedback group
one by one into Coh-Metrix 3.0 to calculate lexical diversity, syntactic complexity and
fluency, and then analyzed the 64 original and revised drafts of the AWE feedback group
in the sameway. TheCoh-Metrix tool is aweb-basedAWE textual assessment toolwhich
can calculate multiple characteristics of a text in seconds. Its public version provides 11
measures and 106 indices, of which four measures and six indices were chosen for the
present study, along with one measure and one index rated by a human:

(1) Complexity

Complexity is the writer’s ability to use varied complex structures and vocabulary.
It is generally believed that it consists of syntactic complexity and lexical diversity.

(a) lexical diversity

Lexical diversity is the variation and sophistication of the words in a text (Lu 2012).
We adopted the type:token ratio (LDTTRc, LDTTRa) incorporated in Coh-Metrix. A
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low type:token ratio indicates that words are repeated many times, which means lower
lexical diversity (McNamara et al. 2014).

(b) Syntactic complexity

Syntactic complexity refers to the degree of sophistication and variation of the struc-
tures produced. We adopted two indices from Coh-Metrix: sentence similarity of all
combinations across paragraphs (SYSTRUT) and left embeddedness (SYNLE). Gener-
ally, a lower SYSTRUT or more SYNLE is associated with higher syntactic complexity
(McNamara et al. 2014).

(2) Fluency

Fluency refers to the writer’s ability to write fluently. A measurement of fluency
has not been generally agreed but many researchers use Length (DESWC) to measure
fluency. In writing, greater length generally means greater fluency.

(3) Cohesion

Latent Semantic Analysis (LSA) is a useful way to measure a text’s cohesion. It
provides measures of semantic overlap between sentences or between paragraphs. LSA
similarity between all possible pairs of sentences in a paragraph (LSASSp) and LSA
Given-New (LSAGN) estimate the proportion of new information in each sentence. LSA
indices range from 0 to 1, with a higher value indicating greater cohesion (McNamara
et al. 2014).

(4) Accuracy

Accuracy was mainly measured by the ratio of the number of errors to the number of
all words (E/W) (Chen 2010). An increase in E/W generally indicates lower accuracy.
After two researchers had counted the number of errors in each text, the number of all
words of each text was calculated using Word 2003, and the E/W was calculated using
Excel 2003.

SPSS 22.0 was used to statistically analyze the data collected.

4 Results and Discussion

4.1 Results of Scores of Two Groups

The improvement of students’ revised drafts over the original drafts was measured based
on the teacher’s grades. The teacher and one of the researchers graded the students’
writing, using the same scoring guide but without being told which was the original
draft and which the final one.

Students’ writing scores fit the normal distribution and their homogeneity of variance
(p > 0.05) was observed. To primarily see the influence of peer feedback and AWE
feedback on students’ writing performance, paired-sample t-tests were used separately



The Impact of AWE and Peer Feedback on Chinese EFL 265

(see Table 1) to compare the mean scores of the original and revised drafts for both
the peer feedback group and the AWE feedback group. The difference was statistically
significant for both groups (tpeer = 0.016, ppeer < 0.05, tAWE = 0.000, pAWE < 0.05),
which indicates that both peer feedback and AWE feedback helped to improve the
overall score of students’ writing. However, the mean score of the AWE feedback group
increased by 2.8516, remarkably more than that of the peer feedback group with 0.8723.
The results show that AWE feedback works better in improving students’ overall writing
scores.

Table 1. Paired sample t-tests of scores of two groups.

Scores of original
drafts

Scores of revised
drafts

MD t df Sig. (2 tailed)

M SD M SD

Peer feedback
(N = 32)

81.7813 8.24419 82.6536 7.69943 1.95101 −2.537 31 0.016

AWE feedback
(N = 32)

81.125 7.59669 83.9766 7.30785 1.83477 −8.793 31 0.000

4.2 Results of Textual Features of Two Groups

To further see in which aspects do peer feedback and AWE feedback influence students’
writing performance, textual features of students’ texts were analyzed and compared.
All texts were analyzed by Coh-Metrix tool 3.0 and Excel 2003 for measures of textual
features. Then the data were processed using SPSS 22.0 to see inwhich aspects two types
of feedback helped to improve students’ writing. For all indices chosen, homogeneity of
variance (p values range from 0.060 to 0.890) was observed. Table 2 displays the results
of paired sample t-tests of textual features of two groups.

LDTTRc = Type:token ratio of content words; LDTTRa = Type:token ratio of all
words; SYSTRUT= Sentence similarity of all combinations across paragraphs; SYNLE
=Left embeddedness; LSASSp=LSA similarity between all possible pairs of sentences
in a paragraph; LSAGN= LSA Given-New; DESWC= Length; E/W= the ratio of the
number of errors to the number of all words.

In terms of lexical diversity, LDTTRc and LDTTRa of the original and revised
drafts both showed a statistically significant increase (tLDTTRc = −1.913, pLDTTRc =
0.048, tLDTTRa =−2.332, pLDTTRa = 0.025) in the AWE feedback group. LDTTRc and
LDTTRa of the original and revised drafts in the peer feedback group showed a decrease
in mean but this was not statistically significant. These results, therefore, show that AWE
feedback can significantly improve students’ lexical diversity in a short time but peer
feedback cannot.

The paired-sample t-test of SYNSTRUT (t = 2.074, p = 0.046) revealed a sta-
tistically significant decrease between the original and the revised draft in the AWE
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Table 2. Paired sample t-tests of textual features of two groups.

Measures Indices Peer feedback group (N = 32) AWE feedback group (N = 32)

MD t(N = 31) Sig. (2
tailed)

MD t(N = 31) Sig. (2
tailed)

Lexical
diversity

LDTTRc −0.0075 0.988 0.371 0.0081 −1.913 0.048

LDTTRa −0.0066 1.079 0.311 0.0106 −2.332 0.025

Syntactic
complexity

SYSTRUT −0.0969 0.38 0.221 −0.1481 1.613 0.046

SYNLE −0.0006 0.089 0.283 −0.0059 1.617 0.231

Cohesion LSASSp 0.0077 −0.559 0.58 0.0115 −0.515 0.61

LSAGN 0.0056 −1.194 0.242 0.0000 0.004 0.997

Fluency DESWC 1.5313 −0.425 0.674 2.4375 −0.764 0.439

Accuracy E/W −0.0112 4.334 0.000 −0.0129 4.378 0.000

group. The mean of SYNLE increased as well, although this was not statistically signif-
icant. These results indicate that students’ syntactic complexity increased significantly
in the AWE feedback group, while no statistically significant difference was found in
the peer feedback group. So compared to peer feedback, AWE feedback worked better
in facilitating students’ use of more complex syntactic structures.

Our findings regarding lexical diversity and syntactic complexity are in line with
Ruegg’s (2015) and Kellogg et al.’s (2010) studies. Ruegg (2015) compared the effec-
tiveness of teacher feedback with peer feedback. In his study, the lexical diversity and
syntactic complexity were covered as subcategories at the levels of lexis and gram-
mar respectively, without significant improvement at either level in the peer feedback
group. Kellogg et al. (2010) found that continuous AWE feedback helped decrease word
repetition, which is equal to improving lexical diversity in the current study.

No statistically significant difference was found for LSASSp or LSAGN, either in
the peer feedback group or the AWE feedback group, and the increase in means was
minor. Since LSA and cohesion are at a higher level of a putative model of language
than words and sentences and are not easy to improve or measure, we can only say that
these two types of feedback cannot increase students’ cohesion in a short period of time.

In terms of fluency, the AWE feedback group showed a larger increase than the peer
feedback group, but neither group showed a statistically significant increase. This may
be due to the number of words required by the teacher. Kellogg et al. (2010) found only
a marginally significant improvement in the group given intermittent AWE feedback,
but no improvement in the group given continuous AWE feedback. This is strange, but
the authors did not give a clear explanation of this result.

The t statistics and the p values in Table 2 reveal that the error rates of the two groups
decreased significantly (tpeer = 4.334, ppeer = 0.000, tAWE = 4.378, pAWE = 0.000),
indicating that both AWE feedback and peer feedback helped students to reduce errors.
This is in line with previous studies (Diab 2011; Kellogg et al. 2010).
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In summary, AWE feedback and peer feedback can significantly increase the scores
and the accuracy of students’ essays, but AWE feedback was more successful in helping
students improve the lexical diversity and syntactic complexity of their essays.

4.3 Results of Classroom Observations, Questionnaires and Interviews

When being asked to what extent they thought the AWE feedback or peer feedback
helped to improve the quality of their writing, 86.6% of students in the AWE feedback
group chose “useful” or “very useful”, but only 46.7% of students in the peer feedback
group made the same choice. In the interview, most students in the AWE feedback group
considered the AWE system a reliable reviewer in detecting their linguistic errors and
said that they usually take its advice if they can understand it. Furthermore,many students
mentioned that the sentence-based analysis provided was very specific and instructive.
However, the teacher thought that there were misidentifications of errors by the AWE
feedback. For example, it always identified “Mr.” or “Ms.” as a punctuation error. She
explained that to prevent students from being misled she tested the system in advance
to find bugs and gave explicit instructions in class, reminding students to ignore those
suggestions. Students in the peer feedback group were of the view that much feedback
given by their peers did not fit their texts. A student in the peer feedback group did not
make any changes in the revision stage. His original draft got 89 points. A higher-level
student emphasized that it was incorrect feedback which made her lose faith in peer
feedback. However, the teacher believes that peer feedback will help to promote the
development of students’ critical thinking in the long term.

Most students had a positive attitude towards AWE feedback, but some feedback
given by the AWE system was too advanced for some students, and the teacher also
expressed concern about its reliability. Classroom observation found that students in the
AWE feedback group asked the teacher more than fifteen times for explanations of terms
in feedback. One student said that he could not understand the comment “The expression
‘will very hard work’ is wrong, the modal verb should be followed by the root form of
verbs.” He corrected his error after the teacher explained what modal verb and the root
form of the verb referred to in this expression. Similarly, a lower-level student mentioned
in his interview that “there are many terms I don’t understand, like ‘definite article’, and I
just ignore most of the additional information it offers, because I don’t understand it and
it’s a waste of time.” These issues should be brought to the attention of the developers
of Pigai to be rectified since an increase in accuracy would be the biggest attraction for
students. Especially lower-level students would benefit because they are more likely to
make linguistic mistakes.

Students in the peer feedback group understand most of the feedback without diffi-
culty, but some have trouble giving feedback, and higher-level students seem to improve
less from lower-level students’ feedback. In the peer feedback group, there was no
demand for an explanation of the feedback received, and students’ questions were more
about what to do and how to give comments to their peers. A boy came to the teacher
for help with translating one of his comments into English. In an interview, a student
remarked that “It’s new for me to give feedback, but to be honest, it’s not easy.” His
dilemma was echoed by another student’s statement: “although the teacher had provided
amodel of how to give feedback, it was hard to get started, so I hesitated for a long time.”
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The classroom observations, questionnaires and interviews showed that students had
a more positive attitude towards AWE feedback than towards peer feedback, and that
AWE feedback seemed to be more effective in improving the learning autonomy of
students, a finding in line with Zhang and Hyland’s (2018) study. However, the written
feedback given by the AWE system in students’ L1 is difficult for lower-level students,
so the guidance provided by teachers is very important. Students, especially higher-level
students, have some concerns about the reliability of peer feedback, and in turn giving
useful feedback demands a higher level of language proficiency from students that some
simply may not have.

There are several factors that should be taken into consideration by teachers when
designing the teaching of writing, instead of following a fixed formula of integrated
feedback. For example, in which aspects of writing does the teacher want students to
improve? Further, teachers should ask themselves whether students are likely to be able
to understand and utilize the feedback the system or peers provide. Lastly, what are
the characteristics of different types of feedback that are of most use to students? And
while teachers should be able to help students build confidence in the chosen type of
feedback (Wang 2014; Zhao 2010), the developers of AWE systems should ensure that
their systems provide feedback in language that is targeted for students at different levels.

5 Conclusion

In this study, we have sought to compare and contrast the impact of AWE feedback with
that of peer feedback on non-English majors’ writing performance, and the participating
teacher’s and students’ views of using such feedback for the revision of their writing. Our
findings showed that bothAWEfeedback andpeer feedback can significantly increase the
scores given to writing assignments but they work differently in influencing the students’
choice of the grammatical and lexical features of their essays. Students had a more
positive attitude towards AWE feedback than peer feedback. Further, AWE feedback
was found to be more effective in improving the learning autonomy of students (Zhang
and Hyland 2018). However, the written feedback given by the AWE system via Pigai is
difficult for lower-level students to understand, which makes the guidance provided by
the writing teacher all the more important (Liao 2016). On the other hand, having peers
provide feedback requires a higher level of language proficiency of them than some
students have.

The paper contributes to the literature by providing an empirical study that specifi-
cally compares the effects of AWE feedback with those of peer feedback in the teaching
of L2 writing. We feel confident that our findings will be able to inform L2 writing
teachers’ decisions when selecting and designing feedback. We suggest writing teachers
choose proper types of feedback according to their teaching objectives. For example, if
the emphasis of the class is in improving the lexical diversity or syntactic complexity
of students’ writing, AWE feedback may be a better option, but training in understand-
ing and using AWE feedback should be provided. Meanwhile, AWE feedback systems
should develop more user-friendly methods of reporting misidentifications of specific
tasks. Since some teachers may ascribemore value to peer feedback in improving overall
scores of students’ writing, if peer feedback is chosen, measures should be taken to foster
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a positive attitude towards peer feedback in students, and, students should be trained to
give better and more useful feedback to their peers.

Certain limitations in this study must be acknowledged. Firstly, students’ individ-
ual differences were not considered in this study. How students’ language proficiency
and their readiness may affect the way they respond to feedback received warrants fur-
ther study. Secondly, all AWE feedback in the present study was generated by a single
system, examination of other AWE systems will contribute to a more comprehensive
understanding of the effectiveness of AWE feedback.
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Abstract. Small private online courses or SPOC are localized instances of mas-
sive open online courses that are intentionally designed for on-campus learn-
ing purposes. Through a review of three SPOC in a higher vocational college in
Guangzhou, this paper studies the effectiveness of SPOC in terms of learning par-
ticipation and teacher-student interaction. The current practices are analyzed. It is
revealed that, while the teachers actively promote the learning interaction through
the SPOC, the student initiatives to share knowledge may be ignored. Therefore,
the teachers should devise a teaching strategy that can help stimulate the students’
learningmotivation, balancing their learning needs and interests. It is also revealed
that learning participation and teacher-student interaction would be improved if
the students’ learning differences can be timely catered. Therefore, homogeneous
grouping of students by their learning needs and abilities are recommended. These
provide a useful reference for the implementation of SPOC in higher vocational
colleges.

Keywords: SPOC ·MOOC · Learning participation · Teaching-student
interaction · Teaching strategy · Vocational education

1 Introduction

Open online courses are one major type of open educational resources widely used in
educational institutions at different levels, especially higher education [1–3]. Massive
open online courses (MOOC) are representative examples of open online courses [4, 5].
The effectiveness of open online courses, or open educational resources in general, have
been well perceived by both full-time and distance-learning university students [6–11].
In recent years, Small Private Online Courses (SPOC) has evolved from Massive Open
Online Courses (MOOC) as a localized instance, intentionally for on-campus teaching
and learning purposes [12, 13]. Different from MOOC, SPOC focus on certain and
smaller groups of students who are ready for interact with each other. Interaction is
essential to online education, and SPOC enhances learning participation and interaction
[14, 15]. SPOC can be used in a blended learning environment as some small online
courses to supplement on-campus classroom teaching and learning, and the effectiveness
is promising [16, 17].
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During the implementation of SPOC,MOOCresources are selected for use in a teach-
ing and learning environment combining flipped classroom and project-based learning,
where students are provided with high-quality online and offline learning resources. In
recent years, MOOC have been expanding in a compound rate. From a vast amount
of MOOC, many universities and colleges in China have started to select those high-
quality open online courses for SPOC. These college-level online open course courses
are further selected for use at the provincial level and national level, as shown in Fig. 1.

College-level 
Quality 
Online Open 
Courses 

Provincial 
Quality 
Online Open 
Courses 

National  
High Quality 
Online Open 
Courses 

Fig. 1. Online course construction process

At present, a large number of high-quality online open courses have been selected
for use as SPOC in China. Researchers and practitioners are actively investigating the
effective practices of teaching and learning with SPOC that can improve the students’
learning participation and interaction. This paper analyzes the current practices in China
through a review of three SPOC in a higher vocational college in Guangzhou. The focus
is placed on learning participation and interaction. Based on the findings, some strategies
are suggested.

The rest of this paper is structured as follows. Section 2 states the research question.
Section 3 describes the research design and implementation, where three SPOC are
reviewed and the current practices are analyzed. Section 4 concludes this paper with
discussion on the analysis results and findings. Some effective teaching and learning
practices with SPOC are recommended.

2 Motivation of This Study

According to Ai et al., the core factors affecting the implementation effect of SPOC
includes the learning resources, learning environment and teacher-learner interaction
[18]. Yang & Yu analyzed the effects of SPOC teaching from the teaching videos, learn-
ing packs, and learning participation and interaction [19]. Liao & Liu also investigated
the core factors affecting the SPOC learning effect in colleges and universities from the
teaching management, learning materials, learning participation and learning environ-
ment [20]. The course development should better be driven by pedagogies and student
needs [21, 22].

Summarizing the findings from the literature, there are external factors and internal
factors, affecting the effectiveness of SPOC implementation. External factors mainly
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include the teaching and learning contents (i.e. teaching videos, learning packs and
other learning resources), teaching management, and learning environment. Internal
factors include teachers, students, learning participation and interaction. In the current
implementation of SPOC in higher vocational colleges in China, the external factors are
relatively unchanged. For a higher vocational college, the same online learning platform
is used, while the learning contents are developed from online open courses. There is
often no change on the teaching management system within the college. On the other
hand, the internal factors such as learning participation and teacher-student interactors
are essential to the SPOC implementation.

At present, relevant research of SPOC mainly focuses on the teaching methods and
practices, and the factors influencing the effectiveness. There is a lack of studies on
analyzing learning participation and teacher-student interaction. In recent years, many
higher vocational colleges in China have been facing a challenge that the learning moti-
vation is insufficient and the learning participation is low. This motivates the authors to
investigate how SPOC can be effectively implemented to enhance learning participation
and promote teacher-student interaction.

3 Research Design and Implementation

In this study, the learning interaction data of three SPOC in Guangdong Women’s
Polytechnic College, Guangzhou, China are collected. These courses are:

• Digital Camera Technology,
• 3D Animation Design, and
• Practical Japanese Translation.

The learning interaction data would be analyzed, and the current teaching practices
in the college would be reviewed.

3.1 Data Source

Components of the three selected SPOC courses are collected as the sample for our
study. These three courses exhibit a number of characteristics which are highlighted as
follows.

First, the course contents and learning materials are relatively stable, after several
rounds of updating. The course design and teaching methods are quite established.
Second, according to the student evaluation, the teachers of these courses have been
ranked within the top 15% of all teachers for three consecutive semesters. In other
words, the students have given favourable evaluation on the courses (course contents,
course design, teaching methods, etc.) and the teachers for three consecutive semesters.
These also represent that the learning satisfaction of these course have been high. Third,
not only carrying out as SPOC in the colleges, the courses have also been used as a
MOOC on a social network platform for quite a while. Fourth, the courses have been
rated as ones among the excellent online open courses in the Guangdong Province.
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3.2 Data Collection and Organization

Interactive Data Collection and Organization of Learners in Online Learning.
We take the online learning interaction data of one semester in three SPOC courses
from 2018 to 2019 for the study. These data mainly cover the collaborative discus-
sion between students in the project-based learning component, the interaction between
teachers and students in the homework component, and the interaction both between
teachers and students and between students in the discussion component.

Making reference to relevant knowledge construction models in the literature [23–
26], this paper use the 5-level interaction model proposed by Xiong [27]. Table 1 shows
the interaction model, showing each interaction level and its definition. The learning
interaction data collected from the three SPOC courses would be selected and classified
according to this model.

Table 1. Interaction five-level interaction model of online learning

Interaction level Definition and meaning

Information sharing Students share information, describe the problems and put
forward ideas (published smart products openly) for the
discussed themes in a specific problem context

Deepened understanding Students find inconsistencies with the personal construction of
knowledge through analyzing various views, and further obtain
conclusions through the questioning and debate, thus indicating
the position or raising objections to deepen the understanding of
the problems

Meaning negotiation Students carry out the collaborative construction of group
knowledge through the meaningful social consultation and
significance clarification

Inspection and modification Students inspect and revise the newly constructed collaborative
points, making the individual acquire relevant knowledge during
this process and internalize into the cognitive schema, in order to
better assimilate or adapt the individual’s construction knowledge

Creation and application Students create and apply new knowledge based on the reached
consensus

Interview Data Collection and Organization of Teachers. Moore divided the learn-
ing interactions into three categories based on different interaction objects, namely,
the interaction between students and course contents, interaction between students and
teachers, and interaction between students [28]. Following this categorization, the inter-
view should focus on the course contents, teacher-student interaction, and interaction
between students. Interviews are carried and analyzed using the model by Li &Xie [29].
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3.3 Data Analysis

Interaction Data Analysis of the SPOC Learner. From the collected interaction data
sample, a total of 728 valid interaction items are identified from the three SPOC courses
are categorized. They are classified according to the 5-level interaction model. Table 2
shows the number of interaction items for each of the SPOC courses and all three SPOC
courses by the interaction level. It is shown that the learning interaction tends to realize
inspection, modification, creation and application, but there is a lack of interactions on
information sharing and deepened understanding.

Table 2. Interaction level data among students in three courses

Interaction levels in
online learning

No. of interaction items among students

3D animation design Digital camera
technology

Practical Japanese
translation

Total

Information sharing 18 22 36 76

Deepened
understanding

17 12 31 60

Meaning negotiation 41 30 52 123

Inspection and
modification

92 87 121 300

Creation and
application

77 62 30 169

Analysis of Teachers’ Interview Data. The paper divides the interview contents into
three phrases. The first phase or first-level coding is the open coding process, where
the original interviews with the teachers are transcribed. The final transcript contains
161 sentences. Each sentence is given a concept, and similar concepts are categorized.
After this coding process, the 161 concepts are categorized under 11 categories, namely,
maintaining the learningmotivation, informing curriculum system, creating display abil-
ities opportunities, hierarchical teaching, combination between the work and learning,
project cooperation, real-time discussion on difficult problems, students’ participation
in course content generation, offline core problem solving, teaching model reform, and
the adjustment of online and offline teaching relationships.

Table 3 illustrates this open coding process, where a sentence of the transcript is
given a concept which is then categorized.

In the second phase or second level coding (axial coding), the 11 concept categories
are further categorized into four major categories, namely, promoting participation in
the course learning (maintaining the learning motivation), promoting the interaction
between students (creating the opportunities of demonstrating the learning abilities and
project cooperation), promoting the effective interaction between teachers and students
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Table 3. Open coding process

Sentence example Concept Category

During the course
implementation process,
students like cases related to
the actual positions, so I have
specially designed ten cases
with the gradual increased
difficulties to drive them to
actively participate in learning

Actual case driven Maintaining learning
motivation

As students become very
interested in plots-oriented
people design in the 3D
animation design, I will
provide some story plots they
are interested in for them to
design their favorite characters

Interest-driven learning Maintaining learning
motivation

The Japanese translation
materials I choose for each
unit can always connect with
the hot topics that those
students have recently paid
attention to

Continuous attracted
attention

Maintaining learning
motivation

I would design the related
learning project tasks
according to the actual
requirements and tasks of the
animation company for 3D
animation designers

Work project design Combination of working and
study

I sometimes provide students
with some part-time
translation tasks. In this
process, I am the gatekeeper to
be responsible for the tutoring
and optimization, and finally
give students some rewards

Part-time translation task Combination of working and
study

I will take students to the TV
station to participate in the
recording of real programs

Participating in the practical
work

Combination of working and
study

…… ……
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(including the real-time discussion on difficult problems, and offline core problem solv-
ing), SPOC practice innovation (students’ participation in developing the course con-
tents, making adjustment on online and offline teaching relationships, and improving
the teaching practices).

In the third phase or third level coding (core coding), it can be found that the four
major categories can be generalized as the “learning interaction and practical inno-
vation in SPOC”. Therefore, it is devised that the successful implementation should
help improve the students’ participation, and promote the positive interaction between
teachers and students, and interaction between students.

Table 4 summarizes the first-level coding (open coding), second-level coding and
third-level coding process, illustrating how the 161 sentences from the interview
transcript are analyzed, and how the concepts are categorized.

Table 4. Three-level coding process

Sentences Concepts 1st level coding (open
coding)

2nd level coding (axial
coding)

3rd level coding (core
coding)

161 sentences, such as
“the Japanese translation
materials I choose for
each unit always connect
with the hot topics that
those students have
recently paid attention
to”

161 concepts, such as
continuous attracted
attention

Maintained learning
motivation

Promoting the
participation of course
learning

Learning interaction and
practical innovation in
SPOCInformed curriculum

system

Combination of
working and study

Creation of display
abilities

Promoting the
interaction between
studentsProject cooperation

Real-time discussion
on difficult problems

Promoting the effective
teacher-student
interactionSolving core problems

offline

Hierarchical teaching SPOC practice
innovationAdjusting online and

offline teaching
relationship

Students’ participation
in course content
generation

Teaching model reform

Coding Reliability Test. It is necessary to ensure the authenticity and reliability
throughout the coding process. During the coding process, different events and con-
cepts are compared. After the coding process, the interviewed teachers were invited to
confirm the validity of the coding of their interview answers. They confirmed that the
coding accurately denotes their interview answers.

4 Discussion and Conclusion

Based on the review of the 3 SPOC courses and the analysis of the interaction data
and interview results, some effective teaching and learning practices with SPOC are
recommended and discussed as follows.
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4.1 Promoting the Interaction Between Students

It is found from the interaction data that teachers actively promote the learning interac-
tion with the SPOC learning resources, while ignoring the students’ initiative to share
information and deepen mutual understanding of the course contents. From the inter-
views with teachers, the most commonly used way for teachers to promote interactions
between students is to adopt project-based learning, especially through some related
vocational skill competitions and show-case activities inside and outside the campus.
More interactions between students for the teamwork or project work are encouraged.

4.2 Promoting the Learning Participation in Multiple Ways

According to Fogg, behavior is usually generated due to three factors, specifically includ-
ing the motivation, ability and trigger [30]. In order to better promote students’ learning
participation, it is essential to stimulate their learning motivation, combining with the
learning needs and interests. These should be considered in designing the overall curricu-
lum design, defining the course objectives, and setting clear nodes triggering learning
activities. In the learning process, students can better understand the learning purposes,
learning needs, course objectives, and learning activities and requirements.

4.3 Promote the Effective Interaction Between Teachers and Students

Owing to the separation of SPOC online and offline teaching, teachers are required
to timely discuss some difficult problems with students, and help solve the common
problems raised by the students in their interaction and discussion. This can remove
barriers on some core issues during the learning process.

4.4 Deepen the Interaction Level Through Innovative Practice

Teaching and learning activities can be designed to cater for the learning difference
among students. For SPOC teaching, students can be grouped in accordance with their
learning abilities and learning needs. This homogeneous grouping of students can help
teachers focus on the specific learning needs and learning difficulties of specific groups
of students. For example, more difficult or creative tasks can be assigned to those student
groups with better learning abilities. Besides catering for learning needs, this homoge-
neous grouping of students also promotes effective interaction between teachers and
students.
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Abstract. University students must acquire good academic reading skills in
undergraduate study. One of the effective skills is to insert annotations in the
process of reading. With the advance of web technologies, students can jointly
annotate an online article. However, the effectiveness of using online collabo-
rative annotation platforms largely depends on the integration of instructional
support. This paper elaborates on the design and effectiveness of using a peer
assessment of online collaborative annotation approach in enhancing academic
reading skills. Seventy-five first-year undergraduates were invited to annotate an
article collaboratively in an online platform. They were requested to carry out
peer assessment on the appropriateness of the annotations. Results from the data
collected by a questionnaire suggest that the students considered the online plat-
form enhanced collaborative learning, and the peer assessment component helped
engage learning. They expressed their preferences to use the online annotation
platform collaboratively in their future learning.

Keywords: Peer assessment · Collaborative annotation · Social annotation ·
Academic reading skills

1 Introduction

Reading skills have been identified as one of the vital competence in the 21st century
(P21 2019). When reading an article, readers are required to engage in a cognitive
process to interact with the text (Yuksel and Yuksel 2012). The effectiveness of using
cognitive processes to obtain the meaning of an article is affected by the nature of the
text, the background knowledge of the readers, and the situation the reading occurs in
(Hunt 2004). Usually, readers attempt to construct the meaning of the text by using their

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 281–292, 2020.
https://doi.org/10.1007/978-981-33-4594-2_24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_24&domain=pdf
http://orcid.org/0000-0002-3864-5408
http://orcid.org/0000-0003-0965-3617
http://orcid.org/0000-0002-5614-3348
https://doi.org/10.1007/978-981-33-4594-2_24


282 W. S. Ng et al.

knowledge of vocabulary and language. In the process, readers from time to time are
required to form hypotheses of their understanding of the text and test their predictions
(Zhang 2001). In education, the ability to read to understand the meanings conveyed by
an article is regarded as a fundamental skill of information literacy (Mizrachi 2015).

Particularly in the academic world, to succeed in undergraduate study, students must
acquire a good level of academic reading skills (Hermida 2009; Sheorey and Mokhtari
1994). However, even though academic reading skills are important, it is surprising
that reading skills are seldom taught in university courses (Herimida 2009). University
lecturers may simply assume that students already acquired these skills before they
join the university (Erickson et al. 2006). However, university-level readings materials
are much different from that in high school. It has been identified that most first-year
university students lack effective academic reading skills (Herimida 2009). In view of
the situation, there is a strong need to equip first-year university students with academic
reading skills to support their learning in the university. This paper aims to report a
study of using a peer assessment of online collaborative annotation to enhance students’
academic reading skills.

2 Literature Review

This section, firstly, introduces some common skills to enhance reading comprehension.
The skill of making annotations to strengthen reading comprehension is particularly
highlighted. At the end of this section, the development and the functions of online
collaborative annotation platforms are elaborated.

2.1 Common Skills to Enhance Reading Comprehension

One of the common skills to enhance reading comprehension is to use a concepts map to
depict the linkage of concepts or facts in an article. Students, based on their understanding
of the article, create a concept map with linkages of concepts. The concept map serves as
a visual aid to consolidate their understanding. For example in the study by Tajeddin and
Tabatabaei (2016), the students, in the experimental group, were invited to use concept
map tools to construct their understanding on the given readings, while students of the
control group read the same text without any concept map tools. The results indicated
that the experimental group had a better performance in reading comprehension and
information retention.

Another method to enhance reading comprehension is to request students to develop
a double-entry journal. The journal is a table with two parallel columns. When reading
an article, students extract some information, such as a specific term or a concept, from
the text and put it in the left column. The students then enter their responses, analyses
or comments in the corresponding right column (Hermida 2009). By doing in this way,
students can highlight critical information in the article, and interpret the meaning of
the extracted information using their own words. This activity allows students to apply
high-order cognitive skills to process the information in the academic paper. The double-
entry journal can also be served as evidence of reading comprehension for assessment
purposes (Amin 2012). Research has suggested that the method of using a double-entry
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journal is beneficial to reading comprehension (Amin 2012), and it improves students’
motivation to read (Hermida 2009).

Another commonly used skill is to insert annotations to specific texts of an academic
article in the process of reading (Lu and Deng 2013). Annotation can take many forms
and serve many purposes. It involves inserting markers, such as underlying or highlight-
ing texts, to some important information of the original document. Readers may also
write some explanatory notes on it. According to Ovsiannikov et al. (1999), annotations
help students retain information, reflect on the concepts in the article, clarify their under-
standing, and share essential information. It serves as a tool to facilitate active reading to
connect what was read and what is written (Kawase et al. 2009;Mendenhall and Johnson
2010). By requesting students to insert annotations in the process of reading an article,
they are engaged in a deep approach to reading using high-level cognitive processes
to explore the meaning of the text and to identify to the interconnection of concepts
(Lu and Deng 2013; Su et al. 2010). Research has confirmed that making annotation
improves reading comprehension and students’ learning (Chen and Chen 2014; Lu and
Deng 2013).

2.2 Online Collaborative Annotation

Traditionally, annotations aremarked on a printed document. It is normally developed by
an individual and mainly for personal future reference. Annotations are some valuable
consolidations on the understanding of an academic article after students engaged in a
high-level cognitive process. The annotations are not only beneficial to the annotator,
but it also helps others if the annotations are in a readable and understandable format.
However, even though the annotations are useful to enhance comprehension, the physical
restriction of the paper-based approach inevitably limits the purpose of sharing and
collaborative learning (Kawase et al. 2009).

With the advance of internet technology, a few online collaborative annotation plat-
forms, also known as social annotation tools, have been developed (Novak et al. 2012).
These online systems allowmultiple students to create annotations in the same document
together synchronously or asynchronously on theweb. The annotations are automatically
saved in the online system for collaborators to review thereafter.

A major advantage of creating digital annotations in an online platform is the poten-
tials to enhance collaborative learning. Students, reading the same academic article, can
interact and discuss together in the platform. The annotations are shared on the web, and
it can be accessed without the restrictions of time and physical location (Novak et al.
2012). By annotating an academic article using an online annotation platform, students
are engaged in collaborative learning to explore the meaning or discuss the concepts
presented in an academic article (Kawase et al. 2009; Luo et al. 2013). By jointly anno-
tating an academic article in an online collaborative annotation platform, it not only
facilitates knowledge construction but also enhances learning motivation and develops
professional relationships among students (Kawase et al. 2009). Research has suggested
that annotation technologies are generally able to promote engagement, improve critical
thinking and enhance reading comprehension (Novak et al. 2012).
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Although online collaborative annotation platforms generally help improve reading
comprehension and reading attitude (Chen and Chen 2014; Lu and Deng 2013;Menden-
hall and Johnson 2010), a critical issue is to integrate effective pedagogy to improve
learning (Novak et al. 2012; Razon et al. 2012). Technologies are only tools with some
affordances to enhance learning.Merely providing an online collaborative platformwith-
out integrating appropriate pedagogy cannot automatically elicit the effectiveness. In the
study by Razon et al. (2012), the group provided with instructional guidance, includ-
ing online prompts, guiding inquiries and constant instructor-assistance, demonstrated
a better performance in both reading comprehension and engagement. On the contrary,
the group without received any instructional support was more passive in reading, and
the students were not engaged in the annotation task. They inclined to paymore attention
to the technology instead of focusing on the reading materials. Therefore, it is crucial
to design effective pedagogy to engage students in collaborative annotation tasks to
enhance reading comprehension.

In consideration of the importance of integrating appropriate pedagogy to enhance
the effectiveness of using online collaborative annotation platform to improve reading
comprehension, the first author applied a peer assessment of online collaborative anno-
tation strategy to engage students in the reading task. The rationales and design of the
strategy are elaborated in the followingResearchMethodology section. This study aimed
to explore the research question “What is the impact of applying a peer assessment of
online collaborative annotation strategy to improve students’ academic reading skills?”.

3 Research Methodology

This section introduces the context of the study. It also elaborates the research procedure
and the instrument for collecting data.

3.1 Context of the Study

The first author was a teacher trainer of pre-service and in-service teachers. This study
was implemented in the Information Technology in Education course taught by the first
author. Two classes of first-year students who were taking the course in the Higher
Diploma in Early Childhood Education programme (class size of 39 and 36; a total of 75
students, 73 females and two males) were invited to participate in the study. All of them
were just graduated from high schools to join the university education. After explained
the purposes, all students were willing to sign a consent form to join this study.

3.2 Research Procedure

The students in each class were divided into seven groups, with a group size of about five.
A total of 14 groupswere formed to participate in the collaborative reading activity.At the
beginning of the activity, each student was given a paper-format academic article. They
were required to read the article individually. The title of the provided academic article
is “When humanity meets technology: rethinking technology in preschool” (Lin 2013).
It reports a case study on the rationale and practices of using information technology in
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pre-primary school education. It is a long research article with 30 pages. Since all the
participants were first-year university students with limited experiences of reading an
academic article of this length, it was anticipated that they had difficulties to read and
hard to identify the critical elements in the article.

After reading the article individually, the members in each group were required to
discuss and raise ten questions to ask about the critical information, concepts or findings
in the article. They were required to mark the answers to the questions in the paper-
format article. Then, all the questions and answers were submitted to the researcher.
This experience aimed to engage the students in the traditional method of annotating an
article in the process of reading.

After received the questions and answers from all the groups in both classes, the
researcher randomly distributed a set of questions to a group in another class. In other
words, each group randomly received a set of 10 questions, prepared by a group in
another class, about the same article. The arrangement was anonymous. They did not
know who the authors of the set of questions were. The researcher then uploaded the
article to the online collaborative annotation platform, Open Rev (Fig. 1). It is a free and
easily accessible platform for collaborative annotation of scientific publications. The
platform allows user to upload papers, form groups for collaborative annotation, and
highlight specific texts in a paper to insert annotations. The students were required to
respond collaboratively to the given set of questions by highlighting the answers on the
article in the online annotation platform. In this way, the students were able to experience
the process of online collaborative annotation.

Fig. 1. An online collaborative annotation platform, Open Rev.

As mentioned in the above literature review, simply provide the online annotation
platform cannot automatically engaged learners in collaborative learning. To let the
students more involved in the online collaborative annotation activity for enhancing
reading comprehension, the researcher requested the students in each group to assess
the correctness of the answers to the questions raised by their group. They needed to
check the highlighted texts in the online article given by the corresponding group in
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another class. Also, they were required to assess the quality of the questions developed
by the group in another class. In the process of peer assessment, they needed to consider
whether the questions could address the key points of the article for enhancing reading
comprehension and the clarity of the questions.

Research (Ng 2020) has suggested that assessment is a useful tool to make students
more engaged in deep learning, and it can transform learners into reflective practitioners.
Particularly, peer assessment has been frequently used in higher education for enhancing
learning effectiveness (Ng et al. 2018; 2020; Ng and Cheung 2019; Ng 2012; 2013). As
indicated by Topping (1998, 2009), the use of peer assessment in teaching and learning
promotes reflection and meta-cognition of self-awareness. It also enhances social skills
and learning to learn skills. Moreover, students engaged in peer assessment will develop
a greater sense of ownership in their learning and a higher motivation to learn. With
these underpinning rationales, the researcher deliberately designed the peer assessment
activities to engage the students in the online collaborative annotation activity to enhance
academic reading skills in this study.

At the end of the activity, the students were invited to fill out a questionnaire to
express their opinions. The questionnaire was adapted from that by Ng (2013) and
Falchikov (1986). It aimed to explore their views on integrating peer assessment in
the online collaborative annotation activity for enhancing academic reading skills. The
whole instructional design aimed to improve students’ academic reading skills and to
enhance their knowledge of applying information technology in preschool education.
Their performance in this study did not count into their final grade.

4 Results

Since the participants were the students of the first author who taught the course, all the
participants were willing to fill out the questionnaire. The response rate is 100%. The
first question askedwhether they had any similar experiences of using peer assessment of
online collaborative annotation to enhance academic reading skills. The majority (84%)
of them gave a negative response. It indicates that the instructional method applied in
this study was a new learning experience to them to enhance academic reading skills.

The next section of the questionnaire focused on the peer assessment component.
Seven questions listed below asked the impacts brought by the peer assessment strategy.

• The peer assessment component allowed me to learn from my peers.
• The peer assessment component enabled me to spend more time on analysing the
contents of the article.

• The peer assessment component enabled me to think critically about the contents of
the article.

• The peer assessment component enabled me to have more reflection on my
understanding of the article.

• The peer assessment component let me more seriously engage in the learning activity.
• The peer assessment was implemented anonymously. It improved the objectiveness
of the assessment.

• I like to learn interactively with peers using peer assessment.
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The students were invited to express their opinion using a ten-point scale, with 1
and 10 indicating Strongly Disagree and Strongly Agree respectively. The descriptive
statistics are listed in Table 1. The means range from 7.44 to 7.81. To examine whether
the means significantly deviate from the neutral stance, the researchers conducted a one-
sample t-test on the mid-value (5.5) of the scale. Results show that all the means are
significantly above the mid-value (Table 2). It suggests that the peer assessment strategy
had significant positive impacts on the students in the online collaborative annotation
process.

Table 1. Descriptive statistics of the impacts on integrating peer assessment to enhance academic
reading skills

Impact N Min Max Mean SD

Learn from peers 75 3 10 7.44 1.726

Spend more time to analyse contents 75 3 10 7.64 1.657

Think more critically on contents 75 4 10 7.44 1.662

More reflection on my understanding 75 3 10 7.47 1.655

Engage more seriously 75 2 10 7.44 1.780

More objective to assess peer 75 4 10 7.81 1.761

Like interactive learning using peer assessment 75 3 10 7.61 1.881

Valid N (listwise) 75

1 = Strongly Disagree, 10 = Strongly Agree

Table 2. One-sample t-test of the impacts on integrating peer assessment to enhance academic
reading skills.

Impact t df Sig. (2-tailed) Mean difference 95% Confidence
interval of the
difference

Lower Upper

Learn from peers 9.733 74 .000 1.940 1.54 2.34

Spend more time to analyse contents 11.182 74 .000 2.140 1.76 2.52

Think more critically on contents 10.107 74 .000 1.940 1.56 2.32

More reflection on my understanding 10.292 74 .000 1.967 1.59 2.35

Engage more seriously 9.438 74 .000 1.940 1.53 2.35

More objective to assess peer 11.379 74 .000 2.313 1.91 2.72

Like interactive learning using peer assessment 9.731 74 .000 2.113 1.68 2.55

Test Value = 5.5

The researcher also included the following questions in the questionnaire to inves-
tigate their views of using the online collaborative annotation platform to improve
academic reading skills.

• The selected article is appropriate for students’ learning needs.
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• Inmyprevious experience, I used to read individually and annotate on the paper-format
articles to learn.

• Compared with reading and annotating paper-format articles individually, the online
collaborative annotation approach promotes collaborative learning.

• Compared with reading and annotating paper-format articles individually, the online
collaborative annotation approach promotes knowledge sharing.

• Compared with annotating paper-format articles individually, it is more convenient to
annotate an article using an online collaborative annotation platform.

• The online collaborative annotation platform is easy to use.
• I will use online collaborative annotation platforms in other courses to improve my
learning in the future.

Similarly, the students were invited to express their opinion using a ten-point scale,
with 1 and 10 indicating StronglyDisagree and StronglyAgree respectively. The descrip-
tive statistics are listed inTable 3.Themeans range from7.33 to 8.24.To examinewhether
the means significantly deviate from the neutral stance, the researchers conducted a one-
sample t-test on the mid-value (5.5) of the scale. Results show that all the means are
significantly above the mid-value (Table 4).

Table 3. Descriptive statistics of students’ view of online collaborative annotation.

Item N Min Max Mean SD

Selected article is appropriate 75 2 10 8.24 1.691

Used to read individually and annotate on paper-format
articles

75 1 10 7.88 1.938

Online collaborative annotation approach promotes
collaborative learning

75 5 10 8.09 1.526

Online collaborative annotation approach promotes
knowledge sharing

75 5 10 7.96 1.520

More convenient to annotate using online collaborative
annotation platform

75 4 10 8.08 1.617

Easy to use the online collaborative annotation platform 75 1 10 7.73 1.848

Use online collaborative annotation platforms in future
learning

75 4 10 7.33 1.766

Valid N (listwise) 75

1 = Strongly Disagree, 10 = Strongly Agree
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Table 4. One-sample t-test of students’ view of online collaborative annotation.

Item t df Sig. (2-tailed) Mean difference 95% Confidence
interval of the
difference

Lower Upper

Selected article is
appropriate

14.030 74 .000 2.740 2.35 3.13

Used to read individually
and annotate on
paper-format articles

10.636 74 .000 2.380 1.93 2.83

Online collaborative
annotation approach
promotes collaborative
learning

14.716 74 .000 2.593 2.24 2.94

Online collaborative
annotation approach
promotes knowledge
sharing

14.020 74 .000 2.460 2.11 2.81

More convenient to
annotate using online
collaborative annotation
platform

13.817 74 .000 2.580 2.21 2.95

Easy to use the online
collaborative annotation
platform

10.467 74 .000 2.233 1.81 2.66

Use online collaborative
annotation platforms in
future learning

8.993 74 .000 1.833 1.43 2.24

Test Value = 5.5

5 Discussion and Conclusion

Academic reading skills are important for students’ learning in the university. However,
it is seldom taught in university courses (Herimida 2009). Among the various skills
to enhance reading comprehension, making annotations in an article in the process of
reading helps engage students in active and deep reading (Lu and Deng 2013; Su et al.
2010). However, annotating an article of paper-format inevitably limits the advantages
of sharing annotations for collaborative learning. Some academics (Kawase et al. 2009;
Luo et al. 2013) attempted to use online collaborative annotation platforms to engage
students in collaborative learning, and they reported positive findings. Actually, the
effectiveness of using online collaborative annotation platforms largely depends on the
integration of appropriate pedagogies. The study by Razon et al. (2012) clearly stated
the importance of instructional guidance to engage students in the online collaborative
annotation process. However, there is not much research elaborated on the pedagogies
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with sound underpinning rationales regarding the application of online collaborative
annotation platforms to enhance academic reading skills.

With sound underpinning rationales, the researchers included a peer assessment com-
ponent to engage students in the online collaborative learning process. Results suggest
that the students learned from peers and spent more time to analyse the contents in the
article. Their thinking was more critical, and they had more reflection on their under-
standing of the article. They preferred peer interaction and were more seriously engaged
in the learning activity. These findings echo the positive impacts brought by peer assess-
ment in previous studies (Ng 2020; Ng and Cheung 2019; Topping 1998; 2009). It also
aligns with Razon et al. (2012) that instructional guidance is critical to engage students
in online collaborative annotation activity.

As reflected in the results, the students agreed that the online collaborative annotation
approach promoted collaborative learning and knowledge sharing. They found it easy
to annotate an article using the online platform. These findings further confirm the
effectiveness of using the online annotation platform to enhance collaboration stated in
previous studies (Kawase et al. 2009; Luo et al. 2013). As the students expressed that
they will use the online collaborative annotation platform in their future learning, and
they highly valued the peer assessment component in the process, it suggests that the
pedagogy applied in this study had a positive impact on their learning.

Although the results in this study are very favourable, some limitations exist in
the research process. First, all the participants were the students taking the same course
taught by the first author. In consideration of research ethics, all students should undergo
the same teaching experience without any deprivation in learning. Therefore, no control
groupwas included in this intervention study.Moreover, although the students expressed
that theywill use the online collaboration annotation platform in the future, the researcher
did not conduct a longitudinal study to verify whether they used the platform after this
study. Therefore, researchers may consider repeating the study with the inclusion of a
control group, and to conduct a longitudinal study to explore whether the participants
use the online annotation platform in their future learning. It would also be meaningful
to study how students interact with their annotations in the online collaborative platform.
Notwithstanding the existence of these two limitations, the favourable results obtained
from this study suggest the effectiveness of the pedagogy. University lecturers may con-
sider using the peer assessment of online collaborative annotation approach elaborated
in this study to engage students and to enhance their academic reading skills.
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Abstract. Citation evaluation has become one of the important indexes to eval-
uate the paper influence. In the academic area, paper influence is quite important
to evaluate the author’s academic level, in addition to help researchers to iden-
tify important academic literatures. The traditional citation evaluation methods
are mainly developed based on the citation frequency. Nevertheless, other cita-
tion characteristics, such as the nature, depth, and distribution are also valuable.
Citation nature includes positive, neutral, and negative citations. The depth can
be divided into deep, medium, and shallow citations, which could reveal the cor-
relation and the degree of paper reference between citing and cited papers. The
citation distribution contains three types: forepart, middle, and tail citations. The
data sample of the empirical study is collected from highly cited papers in Chinese
and English core journals. Firstly, by using content analysis methods, we analyze
the citation evaluation from three dimensions of Chinese papers. Secondly, we
compare the similarities and differences between Chinese and English papers.
Thirdly, we show a series of results to verify the accuracy and effectiveness of our
method.

Keywords: Citation nature · Citation depth · Citation distribution · Citation
evaluation · Content analysis

1 Introduction

Research on the academic value and influence has always been a hot topic in academic
researches. Academic papers need to be evaluated in a very subtle way. The traditional
method of paper evaluation mainly depends on the citation frequency and citation time.
On the basis of the traditional method and the citation content, we propose an in-depth
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analysis approach in this study, in addition to present multi-type samples in the empirical
analysis.

Paper influence analysis is important to evaluate the author’s academic level, and
to help researchers and learners identify important academic papers for their studies.
To evaluate the academic influence of papers, most researches mainly focused on using
papers in the same language as the empirical data, which may render the result inaccu-
racy or incomplete due to the language barrier. For instance, Gross et al. (1927) firstly
proposed the Science Citation Index (SCI) and used it to evaluate academic achieve-
ments (Garfield 1955). Then, researchers have developed many different citation analy-
sis methods. For example, Hu et al. (2013) considered the citation in twoways, including
one paper cites another paper in many positions and a paper cites many papers in one
position. Liu (1998) considered the role of critical citation as negative and corrective
influence to the cited paper, which is disagree with the basic assumption of citation anal-
ysis, that is, “there has a positive relationship between the citation and the quality of the
article”. Recently, Liu et al. (2013) studied the similarity between cited and citing papers
by comparing their abstracts and context contents. Chang (2013) studied the citation sta-
tus of the target paper over years, and showed that the citation type distribution of the
paperwas as follows: ‘Related literature’was dominant (30.8%); ‘evidence’ (18.7%) and
‘views’ (18.7%)were in the second place; ‘Terms’ (9.2%) and ‘background information’
(7.2%) were in the third place. Habib and Afzal (2019) proposed a new method of paper
recommendation, which extended the traditional bibliographic coupling by using the
citation distribution of the logical part of the paper. Wang and Zhang (2019) compared
the similarities and differences in citation modes and contents between monographs
and papers. Moya-Anegon et al. (2020) proposed advanced indicators that combined
citation counts with citation contents, so as to measure the value of cited patents and
papers. Jiang and Zhang (2019) used the PageRank algorithm to improve the accuracy
of ranking academic papers in the professional Chinese paper database (i.e., CNKI).
Geng and Yang (2018) proposed a citation sentiments index, and a way to determine the
weight of each citation sentiment. This index could make the evaluation of academic
papers more comprehensive. Le (2019) attempted to use the deep learning model to
automatically extract reference statements in representative citing papers. Yousif et al.
(2019) proposed a multi-task learning model based on recursive neural network, which
used task-specific information and shared layers to model citation context and to classify
the sentiment/emotion and purpose of citations.

In this paper, we compare the similarities and differences from three dimensions
between Chinese and English medical papers, which are citation nature, citation depth,
and citation distribution. Considering the time distribution, we select the dataset elabo-
rately and collect the relevant nearly 400 cite papers. Finally, we mainly use the content
analysis method to analyze the content and structure. The dataset of this paper was col-
lected from academic papers in two languages, and the dataset is analyzed from three
dimensions: the citation nature, the citation depth, and the citation distribution. The
content arrangement in the empirical part is as follows:

Firstly, we record the attribute of the dataset, the cited frequency of the dataset, in
addition to describe the distribution in three dimensions of each paper. We also observe
that some abnormal papers in the data samples,which do not obey the overall distribution.
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Considering the negative impact of abnormal data, we filter them out when conducting
further studies.

Secondly, we analyze the citation content of the dataset in detail, and compare the
results of the similarity and the difference between Chinese and English papers. We also
notice that there exists some situations, such as Paper B may cite paper A in different
positions or Paper B may cite several papers in the same position. In the above, the
citation nature and citation depth are related to the content of the citations, rather than
the citation frequency. Regardless of whether the cited behavior occurs once or more,
we only record the citation frequency as one.

2 Definition and Methodology

There are two methods to determine the citation nature and the citation depth. One is to
infer the author’s citation motivation from the content of the paper, and the other is to
clarify the author’s citation intention by talking with the author. Liu (1998) pointed out
that the former was easy to operate but not very accurate, while the latter was highly
accurate but difficult to implement. In this study, we refer to use the former method to
deduce the author’s citation motivation, by employing the Content Analysis method to
analyze the full text of the cite papers to infer the citation nature and the citation depth.
In the next section, we assume that there are two papers: paper A and paper B, and the
relationship is that B cites A or A is citied by B.

2.1 Definition of Citation Nature and Related Concepts

Alvarez and Gómez (2016) first defined sentiment polarity to clarify the author’s senti-
ment when citing papers. In their study, sentiment polarity was divided into three cat-
egories: the positive citation, the neutral citation, and the negative citation. This paper
adopts this classification system.

The positive citation means the authors of paper B are totally agree with the opinion
of paper A, which shows the positive attitudes. In other words, the authors of paper B
think paper A is helpful for their research.

The neutral citation means the authors of paper B are not totally agree or basic agree
with the opinion of paper A, which shows the neutral attitudes. For instance, the authors
of paper B may point out the seldom errors of the cited literature. The other purpose
of neutral citation is to lead the argument, and use paper A as background material for
readers’ reference.

The negative citation means the authors of paper B are totally disagree or basic dis-
agree with the opinion of paper A, which shows the negative attitudes, i.e., the citation’s
authors deny opinion of the cited literature.

2.2 Definition of Citation Depth and Related Concepts

He (1991) defined the citation depth, which is an intelligence indicator, to reveal the
knowledge utilization and the degree of absorption. This article divided the citation
depth into three types: the deep citation, the medium citation, and the shallow citation.
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The deep citation means that the citation is highly relevant to the cited literature.
Particularly, long sentences and contents tend to be quoted, e.g., paper B quotes the core
content of paper A and adds innovative research based on the methods of paper A.

Themedium citationmeans that the citation is generally related to the cited literature.
For paper A, the sentences and content tend to be quoted, but the quoted length is often
shorter than deep citation, i.e., paper B cites non-core or partially core views of paper A
and the views are often used as foundation or background. In the medium citation, the
reference relationship between papers A and B lies in the middle of the deep citation
and the shallow citation.

The shallow citation means that the citation is little related to the cited literature. For
paper A, the words tend to be quoted, and the quoted length is the shortest, i.e., paper B
only cites non-core views or shallow conclusions of paper A.

2.3 Definition of Citation Distribution and Related Concepts

Citation distribution denotes the location where the cited literature is cited. In our study,
we divide the citation distribution into three types: the forepart citation, the middle
citation, and the tail citation.

The forepart citation means that the location of the cited literature tends to appear
in the former part, normally is the introduction or background part; The middle citation
means that the location of the cited literature tends to appear in themiddle positionwhich
refers to methods, samples, main research processes and so on; The tail citation means
that the location of the cited literature tends to appear in the latter position, which refers
to the conclusion or discussion part. Note that if paper A is cited in different locations
in paper B, only the deepest one is recorded as its citation distribution.

3 Empirical Study

3.1 Data Description

We totally collect 22 highly-cited papers in Chinese and English core medical journals
as our corpus. The samples are shown in Table 1.

As the results indicate, the cited counts of these papers are relatively large. Due to
the limitations of the space and the time, in the following study, we choose citing paper
samples from each cited paper. Particularly, the numbers of samples in Chinese and in
English are in proportion to the cited numbers.

3.2 Experimental Results

Analysis of the Citation Nature. In this subsection, we describe the distribution of
three dimensions for the collected Chinese and English papers respectively, as shown in
Table 2 and Table 3.
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Table 1. Cited counts of the 22 papers

Paper
ID

Highly-cited paper in Chinese Cited
number

Paper
ID

Highly-cited paper
in English

Cited
number

A1 Introduction to the alkaline single cell gel
electrophoresis assay

58 B1 Analysis of skin
penetration of
phytosphingosine by
fluorescence
detection and
influence of the
thermotropic
behaviour of DPPC
liposomes

10

A2 Applications of micronucleus and tests in
genetic toxicology
( )

73 B2 Investigation of
genetic
susceptibility factors
for human
longevity-A targeted
nonsynonymous
SNP study

21

A3 Pollution of PAEs in water and the
biodegradations studies in China

90 B3 AMP-activated
protein kinase
signaling activation
by resveratrol
modulates
amyloid-β peptide
metabolism

352

A4 Present contamination status of water organic
pollutants and parts of persistent organic
pollutants in China

71 B4 Sirt1 improves
healthy ageing and
protects from
metabolic
syndrome-associated
cancer

371

A5 Three-column classification for tibial plateau
fractures

64 B5 Attenuation of
age-related changes
in mouse
neuromuscular
synapses by caloric
restriction and
exercise

177

A6 The updated incidences and mortalities of major
cancers in China

160 B6 Arterial stiffness is
associated with low
thigh muscle mass in
middle-aged to
elderly men

106

(continued)
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Table 1. (continued)

Paper
ID

Highly-cited paper in Chinese Cited
number

Paper
ID

Highly-cited paper
in English

Cited
number

A7 Nasopharyngeal carcinoma incidence and
mortality in China

80 B7 Fasting promotes the
expression of SIRT1,
an NAD +
-dependent protein
deacetylase, via
activation of PPARa
in mice

68

A8 Community-based screening for chronic kidney
disease among population older than 40 years in
Beijing

606 B8 Reduction in the
appearance of facial
hyperpigmentation
after use of
moisturizers with a
combination of
topical niacinamide
and N-acetyl
glucosamine: results
of a randomized,
double-blind,
vehicle-controlled
trial

45

A9 Epidemiologic study of chronic kidney disease
in Guangzhou urban area

52 B9 In vitro anti-aging
activities of
Terminalia chebula
gall extract

42

A10 The clinical analysis of repairing the soft tissue
defects with transplantation of flap

214 B10 Long-term dietary
restriction influences
plasma ghrelin and
GOAT mRNA level
in rats

34

A11 Survey on the pharmacological action of
astragalus membranaceus
( )

601 – – –

A12 Research on the biological activity of naringin
and naringenin
( )

112 – – –

For the distribution of Chinese papers in these three dimensions (i.e., the citation
nature, the citation depth, and the citation distribution), we have the following observa-
tions: There are mostly positive citations in the citation nature, mostly medium citations
in the citation depth, and mostly forepart citations in the citation distribution.

For the distribution of English papers in these three dimensions, the corresponding
observations are as follows: There are mostly positive citations in the citation nature,
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Table 2. The distribution of three dimensions of the highly-cited Chinese papers

Paper
ID

Citations Citation nature Citation depth Citation distribution

Positive Neutral Negative Deep Medium Shallow Forepart Middle Nail

A1 14 14 0 0 3 10 1 0 12 2

A2 14 13 1 0 0 12 2 6 3 5

A3 12 11 1 0 1 8 3 10 1 1

A4 12 12 0 0 0 7 5 11 1 0

A5 17 15 1 1 12 4 1 6 3 8

A6 26 26 0 0 6 13 7 21 4 1

A7 21 21 0 0 2 13 6 19 0 2

A8 29 27 2 0 4 18 7 10 1 18

A9 13 11 2 0 3 8 2 4 1 8

A10 2 2 0 0 1 0 1 1 1 0

A11 32 32 0 0 5 19 8 17 0 15

A12 34 34 0 0 6 26 2 27 4 3

Total 226 218 7 1 43 138 45 132 31 63

Table 3. The distribution of three dimensions of the highly-cited English papers

Paper
ID

Citations Citation nature Citation depth Citation distribution

Positive Neutral Negative Deep Medium Shallow Forepart Middle Nail

B1 7 7 0 0 0 3 4 2 4 1

B2 9 5 2 2 0 2 7 2 2 5

B3 10 9 1 0 0 4 6 2 5 3

B4 9 9 0 0 0 2 7 6 2 1

B5 8 8 0 0 0 2 6 3 5 0

B6 9 9 0 0 0 4 5 5 4 0

B7 9 9 0 0 0 3 6 1 6 2

B8 10 10 0 0 0 6 4 3 6 1

B9 7 7 0 0 0 5 2 5 2 0

B10 8 8 0 0 0 5 3 1 4 3

Total 86 81 3 2 0 36 50 30 40 16

mostly shallow citations in the citation depth, and mostly middle citations in the citation
distribution.

Furthermore, there is only a few neutral references in the cited data and almost no
negative references. For example, there is only one neutral citation in “Applications of
micronucleus and tests in genetic toxicology” (paper ID: A2). The citation nature of the
above paper is shown in Table 4.
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Table 4. The citation nature of paper A2

Year Citations Positive Neutral Negative

2003 1 1 0 0

2004 2 2 0 0

2006 1 1 0 0

2007 1 1 0 0

2008 2 2 0 0

2009 2 1 1 0

2010 2 2 0 0

2012 2 2 0 0

2014 1 1 0 0

Total 14 13 1 0

Proportion – 93% 7% 0%

It can be seen that positive citations aremuchmore than neutral citations and negative
citations, which indicates that the highly-cited literature about medical has a high rec-
ognized degree. Considering the rigorous nature of medical disciplines, most researches
are based on long-term practical results, thus negative references are rare. Besides, the
collected papers, which were published in well-known medical journals, generally had
no academic or presentation errors.

As mentioned above, there is only one neutral citation in the cited data of paper A2.
After reading the full text, we found that the authors mostly think the result of the cited
paper lacks enough validation in clinical, or it is only a simulation result.

Analysis of Citation Depth. From Table 2 and Table 3, it can be observed that the
medium citation ranks the first place in the citation depth. Only a few papers include
more deep citations than the medium citation. After reading the cited papers, we found
that the medium citations were most of survey papers. The majority of these papers cited
a part of the core idea as basis or background.

In the following, we select two papers for further study. The paper IDs are A3 and
A4, which both have the highest percentage of medium citations, but paper A4 does not
have any deep citations (Fig. 1).

Firstly, it can be observed that the percentage of medium citation times in paper
A3 reached 67%, which is significantly higher than the deep citation and the shallow
citation. Through reading the cited papers, we found that medium citations and shallow
citations, which are more than deep citations, are mostly survey papers. The medium
citation can not only improve the non-core or partially core views of the paper but also
use those views as the foundation or background. Therefore, medium citations account
for the majority of these cited papers.

Secondly, the percentage of shallow citation times in paper A4 reached 42%, but
there is no deep citations in this paper. Through reading the cited papers, we found that
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Fig. 1. The citation depth of the selected two papers

the papers in shallow citations are also mostly survey papers. With the development
of the medical technology, the citations show that this method had been used in clinic
earlier, while authors of paper A4 thought this idea was already out of date and they did
not quote the core ideas of the cited literature. So, most of them are shallow citations.

3.3 The Result of Chinese Paper’s Citation Distribution

We summarize the results of Chinese papers as follows:

3.3.1 Empirical Results of the Chinese Paper’s Citation Nature

As the empirical analysis shows, the percentage of the positive citation number is more
than 83%, which indicated that the highly-cited medical papers have a high degree
of recognition. As mentioned earlier, the discipline of medicine is rigorous and most of
researches are conducted based on the long time practice. Secondly, these papers usually
have been published in professional medical journals, which have been strictly reviewed
and generally do not allow academic errors. The only negative references that appear in
empirical studies is that, the citing authors considered the models in the cited paper is
less than ideal, rather than deny the idea of the cited paper.

3.3.2 Empirical Results of the Chinese Paper’s Citation Depth

As the empirical analysis shows, the proportion ofmoderate and deep citations are higher
than that of shallow citations. For survey papers, the medium citation is more than the
deep citation. For experimental papers, the deep citation is more than the moderate
citation, because the core ideas are often referred and the innovative research is carried
out on this kind of papers.
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3.3.3 Empirical Results of the Chinese Paper’s Citation Distribution

The authors conclude the main factors that affect the citation position are the depth of
citation and the specific content of the paper. For example, if the content described the
research status, there was equally distributed chance on the front location, the middle
location, and the tail location. With the depth of citation became deepen, the location of
the citation gets closer to the middle of the paper.

4 Comparative Analysis of Highly-Cited Chinese and English
Papers

In this section, we compare these highly-cited Chinese and English papers from various
aspects.

4.1 Comparative Analysis of Citation Nature

Just like Chinese papers, the English papers had a very high proportion of positive
citations, which may be more than 90%. As an illustration, we present the result of
one paper named “AMP-activated Protein Kinase Signaling Activation by Resveratrol
Modulates Amyloid-β Peptide Metabolism” (paper ID: B3) in Table 5.

Table 5. The nature of citations along the year dimension

Year Citations Positive Neutral Negative

2018 3 3 0 0

2019 7 6 1 0

Total 10 9 1 0

Proportion – 90% 10% 0%

There are totally 10 cited papers in the above paper, of which nine are considered
as positive citations, and one is neutral citation, which was published by Frolinger et al.
(2019). By reading the full content of the cited paper, we find that the authors did not
think the method of the cited paper was wrong, but only discovered different research
results. Whether it is correct is still to be discussed.

4.2 Comparative Analysis of Citation Depth

For English papers, we can observe that there has no deep citation, and the medium
citation, with a percentage of 42%, is less than that of shallow citations. Particularly,
there are seven articles having more shallow citations than medium citations, and three
articles having more medium citations than shallow citations.

The results of Chinese papers are different. It indicates that most of the cited papers
are medium citations. The difference is mainly due to the types of the paper, which can
be categorized by subjects and topics. The collected Chinese papers are mostly survey
literatures, thus the cite parts used the core idea as background primarily.
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4.3 Comparative Analysis of Citation Distribution

We use the full content analysis method to analyze the relationship between citation
location and citation depth.

From the cited data of 10 highly-cited English papers, there are 6 papers having
the most middle citations and 4 papers having the most forepart citations. It is worth to
note that, the citation depth has a strong correlation with the citation distribution. In the
statistics of medium citations, the sum of middle citations reached 75%. Furthermore,
in the statistics of shallow citations, the sum of forepart and nail citations reached 74%.

For Chinese papers, the percentage of medium citations reached 61%, and forepart
citations reached 58%. By using the content analysis, we found that most of medium
citations appeared in the introduction or background part.

5 Conclusions

In this part, we summarize our study as follows:
Firstly, we found that the citation nature is mainly positive. Due to peer assessment,

negative citations and neutral citations are seldom. Zhao (2010) pointed out that citation
evaluation is a part of the scientific evaluation system. InChina, researches on the citation
evaluation are conducted rapidly, and some evaluation judgement systems have been
developed. The traditional citation evaluation used cited quantities to evaluate papers,
but it lacks the citation sentiment. For example, suppose there have two papers, both
have 20 citing papers. The former paper has 19 positive citations and 1 negative citations,
and the latter paper has 15 positive citations and 5 negative citations. Obviously, the
citation quality of the former paper should be better than the latter one when considering
the sentimental dimension. So when adding sentimental values to traditional citation
measurements, it can make the paper’s evaluation more accurate. In addition, with the
change of time, the frequency of the citation nature maybe changed fundamentally.

Secondly, in terms of the citation evaluation, although deep citations and medium
citations are often more important than shallow citations, we should not ignore shallow
citations. Zhao (2010) proposed to assign different weights to the citation distribution
and the citation depth. In the future, we may need experts to judge the paper’s academic
status reasonably.

Finally, it can be observed that citation depth and citation content could influence
the citation distribution. The deeper the citation, the closer it is to the middle citation.

This study also has some limitations. When using content analysis to identify differ-
ent citation characteristics, there have some limitations and errors. During the process
of judgment, the personal sentiment/emotion is inevitable to make some prejudices.
Therefore, in the topic of this academic area, researchers have begun to study the auto-
matic discrimination of citations’ content by computer science technologies. However,
there have some challenges of evaluating the citation by these methods, like using the
computer program to adjust the size of the window of citation context automatically, or
identifying the sentimental relationship between the main points of the full text. Despite
these challenges, it is necessary to use advancedmachine learning algorithms to evaluate
citations, which may have a great impact on the development of citation evaluation.
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Abstract. Mobile learning (M-learning) is characterized as a powerful tool of
education and learning to facilitate one’s learning experiences. Since the flexibil-
ity of mobile learning is beneficial to both teachers and learners, it has been widely
used in English education. As a tourist destination, tourism English teaching and
learning is particularly important in Macao. The study attempts to apply the Tech-
nology Acceptance Model (TAM) to explain users’ behavioral intention toward
M-learning in tourism English education, by extending with two constructs, per-
ceived enjoyment and personal innovativeness. The moderator role of personal
innovativeness on the intention to adopt M-learning in tourism English education
is also investigated. The online questionnaire is utilized for collecting data across
diverse groups of students from different universities in Macao. 252 valid data are
analyzed by using partial least square (PLS). The result indicates that perceived
usefulness, perceived ease of use, perceived enjoyment, and personal innovative-
ness significantly affect students’ behavioral intention toward M-learning in their
tourism English education. However, the moderating effects of personal innova-
tiveness are not supported. The study extends previous research on M-learning
adoption, and offers insights into the theoretical and practical development of
M-learning in tourism English education in Macao.

Keywords: Mobile learning · Tourism English · Technology Acceptance
Model · Perceived enjoyment · Personal innovativeness · Macao

1 Introduction

Mobile phone has been considered as an important learning tool because of its ease of
use (Pulla 2017). Mobile learning (M-learning) plays a vital role in education (Thongsri
et al. 2018). M-learning allows self-learning and enables learners to have a good control
on their learning process. In addition, the flexibility of M-learning offers learners the
opportunity to learn freely from the constraints of time and place. Therefore, M-learning
is especially suitable for foreign language learning (Liu et al. 2009).

Macao is committed to build a world center of tourism and leisure. Gaming-based
tourism industry is the supporting industry for Macao. Tourism English is regarded as
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one of the most basic abilities for tourism graduates in Macao. Thus, tourism English
education is extremely important in Macao. Tourism English is a branch of English
education, it can be considered as special-purpose English with specific vocabulary
(Tang 2007). Leong and Li (2011) realized the urgency of tourism English education
in Macao and proposed that more diversified resources and more innovative learning
method should be encouraged to use. M-learning, thus, can be considered as a potential
method to enhance the students’ learning performance in Macao.

The success of an innovative educational technology highly depends on students’
acceptance and adoption. With the popularity of M-learning in education, an increasing
research interest in examining the factors that influence its acceptance has beenwitnessed
(Al-Emran et al. 2018). The implementation of M-learning has been widely discussed
worldwide, for example, inMainland China, Thailand, Malaysia, and New Zealand (Tan
et al. 2014). However, the studies onM-learning development inMacao remains limited.
Therefore, for the successful implementation ofM-learning in tourismEnglish education
in Macao, it is essential to understand the factors affect students’ behavioral intention
toward it.

Technology acceptance model (TAM) is one of the most effective and widely used
models for predicting new technologies acceptance (Venkatesh 2000). The superior of
TAM has been extensively examined in the context of Education (e.g. Leong et al. 2018;
Park et al. 2012; Tarhini et al. 2016; Yeou 2016). As a result, TAM is applied as the
underlying theoretical model in this study.

Researchers pointed out not only TAM’s core variables (perceived ease of use, per-
ceived usefulness), but also other factors should be taken into consideration to predict
the acceptance of mobile technology (Yueh et al. 2016). Perceived enjoyment has been
confirmed to be closely related to technology acceptance and adoption (Kang et al.
2009). Therefore, perceived enjoyment is considered as a potential driver of students’
behavioral intention towardM-learning in the study.Moreover, literatures also suggested
that innovative individuals attempt to accept an innovative technology earlier than non-
innovators (Agarwal and Prasad 1998). Personal innovativeness positively affects indi-
viduals’ attitudes toward a new technology (Kaushik et al. 2015). In addition, personal
innovativeness also plays a moderator role in some cases. Thus, personal innovative-
ness has been considered as both an antecedent and a moderator in the present study.
Accordingly, this research aims to achieve below objectives:

1. Identify the factors influence undergraduate students’ behavioral intention toward
M-learning in their tourism English learning in Macao.

2. Investigate themoderating effect of students’ personal innovativeness in their tourism
English learning.

2 Literature Review

2.1 Mobile Learning

M-learning uses mobile devices for example smartphones, tablet computer, multi-game
devices, and personal media players, rather than wired or traditional personal computers
(Tan et al. 2014). M-learning is defined as a learning that allows learners to participate



310 X. Wu et al.

in the learning process without time and place constraints (Kukulska-Hulme 2005).
Traxler (2009) pointed out that M-learning is a “contextual, individualized and situated
learning”. It assists learners’ learning process and allows the learners to collaborate with
each other (Al-Emran et al. 2016).

As an innovative education model, M-learning is regarded as a preferred choice
in higher education worldwide (Liu 2009). Universities have increased interests and
pay more attentions to imply M-learning in teaching (Alrasheedi and Capretz 2015).
According to the Educause Center for Applied Research (2017), 70% undergraduate
students use mobile phones for their studies.

2.2 Technology Acceptance Model (TAM)

TAM (Davis 1989) is one of the most powerful models to predict uses’ technology
acceptance (San-Martín et al. 2015). TAM proposed that users’ behavioral intention to
accept a technology is determined by their perceived usefulness and perceived ease of
use. According to Davis (1989), perceived usefulness refers to an individual’s perception
of enhancing his/her performance and personal well-being by using the technology;
perceived ease of use refers to an individual’s perception of cognitive efforts to use the
technology. Because of its adaptability and simplicity, TAM has become one of the most
widely applied models to measure information technology acceptance (King and He
2006).

Since its introduction, TAM has been widely adopted to examine individual’s tech-
nology acceptance and adoption in various context including inM-learning. For example,
El-gayar and Moran (2007) utilized TAM to investigate the students’ acceptance of the
tablet personal computer (TPC). The result showed that perceived usefulness signifi-
cantly affects users’ attitude and behavioral intention, and perceived ease of use signifi-
cantly affects perceived usefulness and attitude. Based on TAM, Wu and Zhang (2014)
proposed a unified model to examine users’ continuance intention towards E-Learning
2.0 systems. The result supported that perceived usefulness and perceived ease of use are
key predictors of a user’s behavioral intention toward a new technology. Nevertheless,
perceived ease of use significantly affects perceived usefulness. Based on the literature,
below hypotheses are proposed:

H1. Perceived usefulness has a positive influence on students’ behavioral intention
toward M-learning.

H2. Perceived ease of use has a positive influence on students’ behavioral intention
toward M-learning.

H3. Perceived ease of use has a positive influence on perceived usefulness.

2.3 Perceived Enjoyment

Perceived enjoyment, an intrinsic factor that leads an individual to accept an informa-
tion technology, is defined as the extent to which the use of a technology is perceived
as enjoyable by itself, regardless of the consequences and compensations that can be
achieved (Davis et al. 1992). Liu et al. (2009) proved that the media richness creates
playful atmosphere, thus, enhances learner gratification in their e-learning. When a
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learner finds intrinsically interesting, he/she participates an activity for pleasure and
enjoyment rather than for extrinsic rewards. Terzis and Economides (2011) pointed out
that perceived enjoyment positively affects confirmation and users’ behavioral inten-
tion to accept and use of computer-based assessment. In this case, if students perceived
enjoyment when they use M-learning, they would be more willing to accept it. Thus, it
is proposed as below:

H4: Perceived enjoyment has a positive influence on students’ behavioral intention
toward M-learning.

2.4 Personal Innovativeness

In the context of M-learning, innovativeness refers to the extent to which an individual
accepts a new mobile applications, mobile devices, or games earlier than others (Fatima
et al. 2017). The significant influence of individual innovativeness on their behavioral
intention has been confirmed in literature. Lu et al. (2011) confirmed that personal
innovativeness is a significant predictor of users’ intentions to acceptmobile internet. Liu
et al. (2010) pointed out that personal innovativeness significantly influences students’
intentions to use M-learning in Chinese universities. In this case, students with a higher
level of innovativeness, especially in a learning context, may have higher desire to accept
M-learning. Thus, the hypothesis is proposed:

H5: Personal innovativeness has a positive influence on students’ behavioral intention
toward accepting M-learning.

Moreover, compared with less innovative users, innovative users have better per-
ceptions of M-learning in terms of its perceived use, ease of use and usage intention
(Agarwal and Prasad 1998). It was argued that individual innovativeness may have a
moderating effect on the user attitude and behavioral intention of M-learning (Fatima
et al. 2017), which leads to the influence of innovativeness on the relationship between
user attitude (or its antecedent variables) and behavioral intention for adoption. There-
fore, in order to verify the main effect of perceived usefulness, perceived ease of use,
and perceived enjoyment on M-learning behavioral intention, it is necessary to study
whether there is a moderating effect of individual innovativeness on the relationship
between behavioral intention and its antecedent variables. Therefore, the hypotheses are
developed as below:

H6a: Personal innovativeness moderates the relationship between perceived useful-
ness and students’ behavioral intention toward M-learning.

H6b: Personal innovativeness moderates the relationship between perceived ease of
use and students’ behavioral intention toward M-learning.

H6c: Personal innovativeness moderates the relationship between perceived enjoy-
ment and students’ behavioral intention toward M-learning.

Based on the above hypotheses, the conceptual model is presented in Fig. 1.
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Fig. 1. Conceptual model

3 Research Methodology

3.1 Mobile Application of Tourism English Learning

In this study, a mobile application for tourism English learning was introduced to poten-
tial learners (As shown in Fig. 2). The mobile learning application includes various
common situations in the travel and tourism industry, such as airports, hotels, car rental,
restaurants, shopping malls, etc., so that students can improve their English skills to
more immersive situations. Learners can also role-play within mobile learning applica-
tions, such as role-playing English conversation for customers or service staff in different
situations.

Fig. 2. Mobile application of tourism English learning
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3.2 Questionnaire

The prime research question of this study is “What factors affect students’ behavior
intention to adopt M-learning in tourism English learning?” To exam the theoreti-
cal constructs, a questionnaire was designed to determine the factors that influence
undergraduate’ behavior intention toward M-learning in the context of tourism English
learning.

All questionnaire items were based on previous research (see Appendix for details of
sources) andwere consultedwith experts in thefield of tourismeducation to ensure clarity
of content, and suitability and format of content. In order tomeasure perceived usefulness
(PU) and perceived ease of use (PEOU), three scale items were used for each construct.
In this study, perceived enjoyment (PE) represents the degree of enjoyment using the
technology regardless of the expected performance consequences, while personal inno-
vativeness (PI) shows the innovativeness of students in accessing new information such
as mobile services and updates. For measuring perceived enjoyment (PE), three scale
items have been used, and another three scale items were used for assessing student’s
personal innovativeness (PI). Finally, behavioral intention (BI) toward mobile-learning
in tourism English education adoption has been measured by using three scale items.
All survey questions utilized a 5-point Likert scale (1 = strongly disagree, 3 = neutral,
5 = strongly agree). Questions about demographic information were also included in
the survey.

As the questionnaire survey was conducted in Macao SAR, the questionnaire was
initially compiled in English and then translated into Chinese. Then the questionnaire
was translated into English to confirm the equivalence of translation. The validity of
the content was reviewed and proofread by a professional translator. In order to test the
suitability of the attributes in the questionnaire and correct any errors, we conducted
pilot tests on 30 people in Macao SAR to obtain their feedbacks on the questionnaire
content.

3.3 Data Collection Method

The target population is limited to Macao undergraduate students who are potential
learners of tourism English through M-learning. We used an online survey that was
presented in both a web-based format and a mobile device view. The online survey was
conducted in June 2020 and 252 valid surveys were collected.

4 Results

After the analysis of the 252 data, the demographic characteristics of the measured
students in Macao is shown in Table 1. There are 108 male students and 144 female
students, which account for the percentage of 42.9 and 57.1 respectively. As the study
is about the university students in Macao, the vast majority age range is between 18 to
25. In addition, the proportion the grade is comparatively equal. And for the English
study frequency, more than two third students could study English one to three times
per week, one fifth students could study English four to five times per week, about ten
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Table 1. Demographic characteristics of the measured students in Macao

Frequency Percentage

Gender Male 108 42.9

Female 144 57.1

Age Below 18 1 0.4

18–25 246 97.6

26–30 4 1.6

31–40 1 0.4

Grade Freshman 44 17.5

Sophomore 68 27.0

Junior 99 39.3

Senior 41 16.2

Frequency of English study 1–3 times per week 157 62.3

4–5 times per week 52 20.6

6–7times per week 27 10.7

More than 8 per week 16 6.4

N = 252

percent students could study English six to seven times per week and 6.7% students
could study English more than eight times per week.

From Table 2, it can be seen that the values of Cronbach’s alpha are all above 0.8.
Depending Fraenkel and Wallen (2000), if the Cronbach’s alpha greater than 0.7, it
means reliability of the scale is acceptable. And all values of average variance extracted
(AVE) are above 0.5 (Henseler et al. 2015).

Table 2. Construct reliability and validity

Cronbach’s alpha rho_A Composite
reliability

AVE

PU 0.897 0.899 0.936 0.830

PEOU 0.807 0.814 0.886 0.722

PE 0.890 0.892 0.932 0.820

PI 0.811 0.815 0.889 0.727

BI 0.871 0.871 0.921 0.795

The Fornell-Larcker Criterion results and Heterotrait Monotrait ratio (HTMT) are
showed in Table 3 and Table 4 respectively. It can see that the correlations among all
variables and are acceptable.
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Table 3. Fornell-Larcker criterion

BI PE PEOU PI PI * PE PI * PEOU PI * PU PU

BI 0.892

PE 0.761 0.906

PEOU 0.701 0.746 0.850

PI 0.774 0.637 0.563 0.853

PI * PE −0.121 −0.136 −0.076 −0.100 1.000

PI * PEOU −0.049 −0.073 −0.069 0.002 0.858 1.000

PI * PU −0.075 −0.081 −0.052 −0.061 0.862 0.829 1.000

PU 0.682 0.711 0.697 0.585 −0.082 −0.050 −0.128 0.911

Table 4. Heterotrait-Monotrait Ratio (HTMT)

BI PE PEOU PI PI * PE PI * PEOU PI * PU PU

BI

PE 0.863

PEOU 0.834 0.877

PI 0.920 0.748 0.699

PI * PE 0.130 0.143 0.083 0.150

PI * PEOU 0.052 0.078 0.075 0.120 0.858

PI * PU 0.080 0.086 0.056 0.124 0.862 0.829

PU 0.771 0.798 0.817 0.685 0.087 0.054 0.134

Variance inflation factors (VIF)measure the inflation in the variances of the parameter
estimates due to collinearities that exist among the predictors. Based on the research of
Kline (2010), the value of VIF should below the number of five. Table 5 demonstrates
that the values of VIF are between 1.000 to 3.547, which is far below 5. It means that
there is no multicollinearity among variables in this study.

According to the results of Table 6 and Fig. 3, perceived usefulness, perceived ease
of use, perceived enjoyment, and personal innovativeness have a positive direct influ-
ence on students’ behavioral intention, and perceived ease of use has a positive impact
on students’ perceived usefulness. However, the moderate effects have no statistical
significance in this study. Table 7 shows the results of all hypotheses testing.



316 X. Wu et al.

Table 5. Collinearity statistics (VIF)

VIF

BI1 2.596

BI2 1.990

BI3 2.628

PE * PI 1.000

PE1 2.382

PE2 2.697

PE3 2.858

PEOU * PI 1.000

PEOU1 1.538

PEOU2 2.005

PEOU3 1.935

PI1 1.787

PI2 2.366

PI3 1.702

PU * PI 1.000

PU2 3.498

PU3 2.158

PU1 3.547

Table 6. Mean, standard deviation and P values

Original sample (O) Sample mean (M) Standard deviation
(STDEV)

T statistics (|O/STDEV|) P values

PE -> BI 0.265 0.262 0.065 4.084 0.000***

PEOU -> BI 0.256 0.260 0.058 4.411 0.000***

PEOU -> PU 0.697 0.696 0.041 16.912 0.000***

PI -> BI 0.435 0.435 0.056 7.793 0.000***

PI * PE -> BI −0.051 −0.046 0.072 0.701 0.484

PI * PEOU -> BI −0.005 −0.008 0.066 0.078 0.938

PI * PU -> BI 0.046 0.046 0.058 0.791 0.430

PU -> BI 0.123 0.119 0.059 2.072 0.039*

Notes: *p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 3. The results of PLS analysis

Table 7. The results of hypotheses test

FACTORS → Behavioral intention β-value p-value Hypotheses testing

H1: Perceived usefulness → Behavioral intention 0.071 0.000 Accept

H2: Perceived ease of use → Behavioral intention 0.143 0.000 Accept

H3: Perceived ease of use → Perceived usefulness 0.201 0.000 Accept

H4: Perceived enjoyment → Behavioral intention 0.016 0.000 Accept

H5: Personal innovativeness → Behavioral intention 0.648 0.039 Accept

H6: Moderate effort of personal innovativeness
between perceived usefulness and behavioral intention

0.159 0.430 Reject

H7: Moerate effort of personal innovativeness between
perceived ease of use and behavioral intention

−0.226 0.938 Reject

H8: Moerate effort of Personal innovativeness between
perceived enjoyment and behavioral intention

0.071 0.484 Reject

5 Discussion and Conclusion

The study employed and extended TAM to examine undergraduate students’ behavioral
intention toward M-learning of tourism English. The descriptive statistics revealed that
more than two third of respondents intend to useM-learning in tourismEnglish education
when it becomes available (73%) and will use it routinely (68%). This indicates that
the existing learning methods other than M-learning cannot meet the learning needs
of Macao undergraduate student in tourism English. Therefore, it is a good idea for
educators to consider changing from the traditional teaching mode relying solely on
offline media to the teaching mode combining online and offline.
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5.1 Theoretical Implications

This research has certain theoretical implications. Firstly, the study shows that behavioral
intention is directly affected by the perceived usefulness and perceived ease of use of the
original TAMmodel. Accordingly, perceived enjoyment is also considered as a relevant
determinant of behavior intention usingM-learning. In addition, personal innovativeness
related to the use ofM-learning also plays a role, significantly influencing user behavioral
intention.

TAM was initially developed in the context of organization, in order to adopt the
model in the context of education, where the end user of the technology are students,
to capture the significant result of additional constructs such as personal enjoyment and
personal innovativeness is important. In this study, after the TAM model was extended
by two constructs, the model explained 74.5% of the variation of M-learning behavioral
intention in tourism English learning.

This study demonstrates the positive influence of personal innovativeness on the
behavioral intention of M-learning adoption, which makes contributions to the under-
standing of users’ acceptancemodel. In the past,manynew technologies adoptionmodels
have used users’ perceptions as drivers to determine new technology adoption. How-
ever, users may use new technologies because of their personal characteristics. When
users decide whether to adopt a new technology that they think might bring conve-
nience and enjoyment, their perception is the crucial factors. But on the other hand,
when considering the adoption of new technologies, users show their personal desire
to seek new and difference (Hirschman 1980). In this case, personal trait is a driving
factor. Therefore, perceptions (such as PU, PEOU and PE) and personal trait (PI), need
to be considered simultaneously. The results of the study suggest that researchers should
pay attention to perception factors in addition to personal traits when studying new
technology acceptance.

The second objective of this study focuses on investigating the moderating effect
of personal innovativeness and demonstrates whether higher personal innovativeness in
using technology would foster relationship between users’ perceptions (PU, PEOU, and
PE) and intention to use (BI) M-learning as a tool for their tourism English learning
activities. In our conceptual model, PU, PEOU, and PE are considered as antecedent
variables of BI. However, if the moderating effect exists, the main effect between the
antecedent and dependent variables become ambiguous. It is not appropriate to use these
antecedent variables alone to predict BI because the effect also depends on the degree of
influence of themoderator variable. From the data analysis in section four, the significant
moderating effect of PI on the relationships developed in the related hypothesis (H6a,
H6b and H6c) were not found. It suggests that PI exert no moderating effect on the
relationship between PU, PEOU, as well as PE, and BI toward adopting M-learning.
Since PU → BI (H1), PEOU → BI (H2), and PE → BI (H4) are supported, this study
concludes that PU, PEOU, and PE have a positive impact on the behavioral intention of
M-learning adoption.

5.2 Practical Implication

By extending the initial TAM model proposed by Davis (1989), in this study, personal
innovativeness is the factor that can best predict the behavior intention of M-learning
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adoption. The high coefficient value (β = 0.648) indicates that the users’ personal trait
of innovativeness has a significant impact on their intentions to adopt M-learning. Given
that the significant predictive effect of personal innovativeness on behavioral intentions,
this finding suggests that marketers of M-learning application should enhance the new
experiences offered by this learning tool. The focus can be to providemore opportunities,
such as adding auxiliary learning APP on the original tourism English textbooks, so that
users including instructors and learners can experience this new type of teaching and
learning, and let them show their innovation ability.

Perceived enjoyment is the second most important indicator in the study. In this
regard, it would be useful to implement fun and playful elements in M-learning envi-
ronment. In addition, Cheng (2015) suggested that navigation and convenience will
positively affect the perceived enjoyment of M-learning. Since navigation flexibility is
considered to be a determinant of users’ perceived enjoyment for interactive media, the
study suggests that developers of M-learning applications can focus on the flexibility of
navigation, such as improving screen layout design and using voice recognition input.
Cheng (2015) also concluded that convenience in a mobile environment can increase
the fun of learning because users have the ability to learn anywhere and anytime. It is
suggested that M-learning providers and marketers should enhance learners’ perception
of the convenience of mobile learning at any time and any place, deliver a sense of
pleasure, and thus improve learners’ willingness to use mobile learning.

Perceived usefulness has a positive impact on behavioral intention.Mobile learning is
integrated as a form of learning to provide a convenient wireless service, so that learners
do not have to use wired devices or traditional personal computers (Tan et al. 2014). It
is suggested that M-learning APP marketers emphasize that the system provides unique
value by providing utilitarian benefits that other e-learning systems, such as computer
applications, cannot provide.

In this study, perceived ease of use has a direct positive impact on behavioral inten-
tion, while it also has an indirect impact on BI through perceived usefulness. Based on
these findings, this study suggests that M-learning providers should try to develop more
user-friendly interfaces and design useful and easy-to-use features to induce learners
to use M-learning application. It is also essential to ensure that potential users have
easy access to resources that enable their use of mobile learning, such as the feature of
one-click installation.

5.3 Limitations

The limitations of the study should be addressed. In addition to the four constructs estab-
lished in this study, there may be more factors that influence the adoption of M-learning.
Further study of antecedent variables can expand our understanding of behavioral inten-
tion of mobile learning. Since personal innovativeness is the most important factor in
predicting M-learning behavioral intention, further study on the antecedent variable of
personal innovativeness will help to better understand the adoption of M-learning.



320 X. Wu et al.

5.4 Conclusion and Further Studies

This study contributes to the understanding of college student’s acceptance ofM-learning
in tourism English education. The study suggests that educators should consider the
combination of online and offline teaching modes. The results of the study confirm that
perceived enjoyment and personal innovativeness are the decisive factors for students to
accept M-learning. The moderating effects of personal innovativeness to PU, PEOU as
well as PE and behavioral intention toward M-learning are not supported.

This study only focused on the behavioral intention of mobile learning in the context
of tourism English learning, the results may not be generalizable to different areas.
Further research should be undertaken to investigate the applicability of similar concepts
for more applications.

Appendix

Table A1. Measurement scales and items

Construct and measurement Sources

Perceived usefulness (PU)
PU1 I believe using mobile-learning in tourism English education improve my
learning performance
PU2 Using mobile-learning in tourism English education enhances my learning
effectiveness
PU3 Using mobile-learning in tourism English education easily translates the
learning material into specific knowledge

Wu and Zhang
(2014); Kim et al.
(2010)

Perceive ease of use (PEOU)
PEOU1 Using mobile-learning in tourism English education would not require a lot
of my mental effort
PEOU2 My interaction with mobile-learning in tourism English education would be
clear and understandable
PEOU3 Mobile-learning in tourism English education would be easy to use

Huang et al. (2007)

Perceived enjoyment (PE)
PE1 Using mobile-learning in tourism English would make me feel good
PE2 Using mobile-learning in tourism English would be interesting
PE3 I would have fun using mobile-learning in tourism English

Huang et al. (2007)

Personal innovativeness (PI)
PI1 I like to experiment with new information technology
PI2 If I heard about a new information technology, I would look for ways to
experiment with it
PI3 Among my peers, I am usually the first to try out new information technology

Liu et al. (2010)

Intention for adoption (BI)
BI1 I intend to use mobile-learning in tourism English education when it becomes
available
BI2 If I were asked to express my opinion of mobile-learning in tourism English
education, I intend to say something favorable
BI3 In the future, I intend to use mobile-learning in tourism English education
routinely

Huang et al. (2007)
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Abstract. Classroom dialogue is a common strategy for teaching and learning.
Technology-assisted classroom dialogue has drawn increasing attentions, where
the classification of classroom dialogue is one of active research topics. How-
ever, existing studies mainly paid much attention to dialogue manners rather
than dialogue contexts. This paper conducts a deep learning-based experiment
on the classification of classroom dialogue context in text format. A hybrid neural
network-based model namely CNN-BiLSTM-Attention is proposed for context
classification of classroom dialogue text. The hybrid model consists of a Convo-
lutional Neural Network (CNN) and a Bidirectional Long Short-Term Memory
Network (BiLSTM) by leveraging an attention mechanism. The CNN-BiLSTM-
Attention model is able to capture and learn both the local and global features
of classroom dialogue texts for learning semantic information of dialogue con-
texts. To test the effectiveness of the model, an annotated classroom dialogue text
dataset is built based on a well-established coding framework through collect-
ing 155 lessons in Chinese language. Compared with eleven baseline methods,
including commonly-usedmachine learningmodels and deep learningmodels, the
evaluation results demonstrate that the CNN-BiLSTM-Attention model achieves
the best performance with an overall F1-score of 0.7006.

Keywords: Classroom dialogue · Context classification · Deep learning · Neural
network

1 Introduction

Classroom dialogue is the main form of traditional classroom teaching, which is intri-
cately linked and intertwined with teaching, and it can make pedagogy more effective
and improve the teaching quality with less effort in proper use (van der Veen and van
Oers 2017). The theoretical foundation of classroom dialogue has been relatively rich
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due to its basic role in teaching. Through a review of the research, it is found that the
structure of the theoretical definition of classroom dialogue has been focused on the role
of individual, interactivity, and dialogue content. Howe and Abedin (2013) confirms the
first two parts with their definition based on a review across four decades of research,
containing the individual and the interactivity, in which communication is regarded as
“one individual addresses another individual or individuals and at least one addressed
individual replies” in classroom settings and they divide it into teacher-student interac-
tion and student-student interaction according to the role of individual. When a dialogue
needs to be effective, the content of dialogue is supposed to be an indispensable factor.
Both the knowledge skills and dialogues are static and it’s meaningless if treat them
separately. What makes sense is how the dialogue acts as mediation or a tool so that
knowledge can be collaboratively constructed and individually appropriated, which is
reflected in how the dialogue content is constructed (Wells and Mejía-Arauz 2006). The
comprehension of the above three factors plays a guiding role in our subsequent research
direction.

Universally, the importance of classroom dialogue continues to be recognized time
after time. From a holistic perspective, the researches and applications of classroom
dialogue have increased dramatically all over the world in recent years (Song et al.
2019). From a specific perspective, various roles of classroom dialogue are still being
explored, even in recent researches. Classroom dialogue was confirmed that it had a
positive impact on children’s emotion understanding (Pons et al. 2019) and students’
thinking and learning, particularly on deep processing of knowledge (Howe et al. 2019).
Newell (2019) highly acknowledged the role of dialogue inEnglish classrooms to provide
students with the opportunity to explore ideas, actively express and reflect.

With the deepening of academic research, the significance of the classification of
technology-assisted classroom dialogue has been increasingly important. Song et al.
(2019) reviewed the research and analysis in the field of classroom dialogue, and sum-
marized the main areas of current researches into patterns of classroom dialogue, pre-
dictions of variability in dialogue, methodology issues and assessment of classroom
dialogue. It can be seen that on the basis of previous theoretical researches, the assess-
ment of classroom dialogue become a new crucial issue, which was manually realized
initially. With the increase of datasets, the problem of the timeliness and accuracy of the
traditionalmanpower assessmentmethod is becoming increasingly apparent (Wang et al.
2014; Blanchard et al. 2015). Therefore, in recent years, some scholars have conducted
researches on computer-assisted dialogue classification.

Wang et al. (2014) leveraged Random Forest to identify three classifications of
classroom dialogue: teacher lecturing, whole class discussion and student group work,
based on the features of the percentage of teacher talk time, student talk time, overlapping
talking time, silence time, and the average volume. There are several limitations in this
research. Firstly, they focused on distinguishing whether or not the teacher or student
is speaking and recording both the length of individual’s talk time, but the content
of dialogue which plays a key role in assessment of classroom dialogue was never
involved. The classification based on content of dialogue is quite more instructive for
teaching than barely based on utterance duration. Secondly, the classification method
was a traditional data mining algorithm, which can be improved to a more efficient
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method. Thirdly, in implementation, teachers were asked to put the recorder into a
pouchworn around their neckwhichmay interferewith their normal classes. Besides, the
generality of classification was poor since the classification were limited to mathematics
lessons and elementary schools. Based on that, Blanchard et al. (2015) proposed a coding
framework of lecture,Q&A, reading aloud, supervision/helping, etc., leveragingLogistic
Regression based on the features of number of utterances, mean utterance duration,
maximum utterance duration, mean rest duration, and maximum rest duration on 21
classroom recording datasets collected from three teachers. Although the classification
had been more precise, it still remained at the level of the individual and interactivity,
codding for utterance duration rather than the content of dialogue, and the semantic
meaning of the dialogue was not understood. In addition, limitations in method and
datasets still exist.

Jiang et al. (2018) improved the method, bringing forward a new hybrid method for
overlapping speech detection in classroom environment based on the silence distribu-
tion and independent component analysis (ICA). The research focused on whether the
segment contained overlapping parts and who were the speakers, to classify classroom
dialogue into teacher discourse, student discourse, quiet, and discussion. Nevertheless,
it was still struggling with who is talking at the mean time, and the dialogue content was
not referred to. The dataset was limited and it was only a speech recorded by the authors
to simulate the classroom environment. Lugini and Litman (2018) conducted a research
on argument component classification for transcribed spoken classroom discussions.
However, it performed poorly on their dataset which has 73 transcripts of text-based
classroom discussions. Then, a work leveraged Neural Network Models based on lexi-
cal features, parse features, structural features and context features to achieve the goal of
automatically classifying student utterances into claims, evidence, and warrants (Howe
and Abedin 2013). However, there was a limitation that they solely focus on student
utterances. In the class, teachers could guide students to engage in co-constructing,
which made teachers occupy a dominant position in most classes (Wells and Mejía-
Arauz 2005; 2006). In addition, it could not provide direct feedbacks to teachers for
improving teaching in a straight way since teacher-student interaction was not involved.

This research focuses on the context classification of classroom dialogue text based
on the technology of natural language processing. The classification of classroom dia-
logue texts is an indispensable part as well as a fundamental step to analyze and evaluate
the teachers’ experience in classroom dialogues and provide timely feedback to teach-
ers’ instructional content. Only by breaking the limitation of the utterance duration
analysis, mastering the analysis of the content of classroom dialogue can the analy-
sis be more instructive so as to improve the teaching quality. To that end, this paper
carries out an exploration of utilizing and innovating deep learning-based strategies on
the classification of classroom dialogue context. Compared with previous studies, we
leverage transfer learning based on a pretrained language model, and a model fusion
based on multiple neural networks. We propose a neural network-based model called
CNN-BiLSTM-Attention, which consists of an embedding layer, CNN layer, BiLSTM
layer, attention layer, and output layer. A pretrained language model RoBERTa (Devlin
et al. 2018; Liu et al. 2019) is firstly used to encode and represent the classroom dialogue
text in numerical vector form. Then, we leverage a Convolutional Neural Network and
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a Bidirectional Long Short-Term Memory Network to capture and learn both local and
global features of classroom dialogue text in CNN layer and BiLSTM layer respectively,
and the attention mechanism is deployed in attention layer, extracting the important fea-
tures within the dialogue text. Finally, output layer makes the final prediction after
calculating the probability distribution of each category. Integrating the corresponding
advantage of different components, the model is able to learn deep semantic content
of the classroom dialogue text, and the experiment results demonstrate that the classi-
fication performance of our CNN-BiLSTM-Attention model is better than traditional
machine learning algorithms and other neural network-based methods.

The main contributions of this paper are proposing a neural network-based model
to learn semantic content of classroom dialogue, and then leveraging the trained model
for context classification of classroom dialogue text.

2 Method

2.1 Coding Framework

There are several researches on coding frameworks for classroom dialogue. Hennessy
et al. (2016) developed a coding scheme for analyzing classroom dialogue across edu-
cational contexts. They found that concentrating on the “communicative act” to explore
dialogue between participants was an appropriate level of granularity, and clustering
33 communicative acts were grouped into 8 clusters, including inviting elaboration or
reasoning (ask for explanation or justification of another’s contribution, ask for explana-
tion or justification, etc.), building on ideas (build on/clarify others’ contributions, clar-
ify/elaborate own contribution), etc. Song et al. (2020) conducted a systematic review
on the coding frameworks used in the examination of classroom dialogue. They indi-
cate there are six themes that a dialogic framework should encapsulate in its categories,
which includes prior knowledge, personal information, analysis, generalization, specu-
lation and uptakes. These studies lay the theoretical foundation for the classification of
classroom dialogue. Based on the research of Song et al. (2020), we adopt the classi-
fication scheme which consists of seven categories, including prior-known knowledge,
analysis, coordination, speculation, uptake, agreement, and querying.

2.2 Model

A hybrid neural network-based model namely CNN-BiLSTM-Attention, is proposed
to classify the classroom dialogue text into specific categories based on the semantic
content of dialogic text. The model structure is shown in Fig. 1, consisting of five layers:
embedding layer, CNN layer, BiLSTM layer, attention layer, and output layer. The
embedding layer is designed to mapped the classroom dialogue text into a numerical
vector space by distributed representation of word embedding. The CNN layer is used to
capture local semantic information of the classroom dialogue text through Convolutional
Neural Network (CNN), while the Bi-LSTM layer utilizes Bidirectional Long Short-
Term Memory Network (Bi-LSTM) to learn global context information of the text. The
attention layer is deployed to assign different weights to words to enhance understanding



Leveraging Neural Network-Based Model for Context Classification 327

of semantic content of classroom dialogue text based on the attention mechanism, and
to aggregate the representation of informative words that are important to the semantic
content of the text to form feature vectors. The output layer eventually uses a Softmax
activation function to calculate the probability distribution of each category, and selects
the category with the highest probability as the final category.

Fig. 1. The structure of the CNN-BiLSTM-Attention model

The first layer in the model is embedding layer, which involves the steps of data
preprocessing andword embedding. Since themodel cannot process the raw text directly,
it is necessary to convert the text into numeric representation. To ensure the independence
of input data, we firstly remove all duplicate annotation records. Afterward, we adopt
distributed representations of word embedding to encode each sentence with various
length of classroom dialogue text into a fixed length vector. Compared to traditional one-
hot representations of word embedding, distributed representations address the problems
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of high-dimensional sparseness and word order loss (Minaee et al. 2020). In detail, we
utilize a pretrained language model RoBERTa for transforming each text into numerical
representation in the form of low dimensional dense continuous vector. The RoBERTa
model is pretrained on large-scale corpora with 35 billion Chinese characters released
by CLUE organization, and the model has benefits on pretraining deep bidirectional
representations from unlabeled text by jointly conditioning on both left and right context.
Thus it is suitable to be applied on our input data.

The second layer of the model is CNN layer, which leverages convolutional neu-
ral network to capture local semantic information of the classroom dialogue text (Kim
2014). Two operations including convolution and pooling in this layer are conducted
sequentially. We firstly implement a convolution layer with one-dimensional convolu-
tion operation. The convolutional filters pass the input text along the input matrix to
generate a feature map for representing the local semantics of the dialogic text. After
extracting the phrase-level representations, a max-over-time pooling operation over the
feature map is conducted to capture the most important feature with the maximum
value. Simultaneously, the feature dimension is reduced and the feature representations
is compressed or generalized to deal with the overfitting problem.

The third layer of the model is the BiLSTM layer, which utilizes bidirectional long
short-term memory network to learn global context information of the classroom dia-
logue text (Liu et al. 2016). Bi-LSTM is an improved model with bidirectional structure
based on Long Short-Term Memory Network, which belongs to a variant of Recur-
rent Neural Network (RNN). To understand the contextual semantics of long text within
classroom dialogue, we utilize Bi-LSTM to extract the interaction information of overall
expression. Bi-LSTM has the capability of modeling contextual information dynami-
cally and learning long-term dependencies since it incorporates gate structure to imitate
the human memory system to solve the problems of vanishing gradient and exploding
gradient in a typical RNN architecture (Graves and Schmidhuber 2005). To capture the
bidirectional semantic dependencies, we concatenate hidden state of forward LSTM and
of backward LSTM to capture both past and future semantic information, so as to learn
the global context semantics comprehensively.

The next layer in the model is attention layer, which is based on attention mechanism
(Vaswani et al. 2017) and is deployed to give different focuses on semantic information
outputting from the hidden layers within previous layers, and to enhance the understand-
ing for semantic content in dialogic text. In classroom dialogue between teachers and
students, there are some keywords partially determining the types of classroom dialogue.
For instance, the word “because” usually appears in the analysis process of a teacher
or a student. To capture those words that are important in semantic content of the text,
we use attention mechanism to calculate corresponding weight of each word, and then
weight the sum of the hidden states of all words according to the weights. Each tar-
get hidden states and source hidden states of the classroom dialogue text is compared
and normalized in the range from 0 to 1 by a Softmax function. Attention weight rep-
resents the relevance between each source and target hidden state, and context vector
denotes weighted average of source states. The attention vector containing information
of current attention decisions is obtained after context vector and target hidden state are
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concatenated, and projection as well as pass operation are applied to hyperbolic tangent
activation function.

The last layer of the model is output layer, which makes the final prediction based on
the semantic information learned from previous layers. A Softmax activation function is
applied to calculate the probability distribution of each category, in which the category
with the highest probability is selected as the final category.

3 Experiments

3.1 Dataset

Due to the lack of publicly available dataset for the context classification of classroom
dialoguewith corresponding annotations on the existing coding framework, a newdataset
is built formally.Wefirstly collect 155 classroomdialoguevideos fromelementary school
lessons of different subjects and then convert them into text by a semi-automated strategy
aided by a computer program with human verification. After that, 15167 sentences from
the 155 classroom dialogue texts are manually annotated by two students in Education
major. In addition, a professor in the same major, as the administrator, manually reviews
the annotations and their differences and the disagreements will be resolved.

The statistical characteristic of the constructed dataset is reported in Table 1. The
average count of annotated sentences for each of the seven categories is 2167. In the
experiment, the dataset is randomly divided into training dataset and testing dataset,
accounting for 80% and 20% of the whole dataset, respectively.

Table 1. The statistics of the classroom dialogue dataset

Categories Training dataset Testing dataset Total

Prior-known knowledge 5714 1429 7143

Analysis 2929 732 3661

Coordination 1270 317 1587

Speculation 375 94 469

Uptake 862 215 1077

Agreement 856 214 1070

Querying 128 32 160

Total 12134 3033 15167

3.2 Baseline Methods

Our CNN-BiLSTM-Attention model is compared with eleven baseline methods in terms
of classification performance. The baselines are divided into two types of classification
methods. The one type is traditional machine learning algorithms commonly used for
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text classification, including Logistic Regression (LR), Random Forest (RF), and Sup-
port VectorMachine (SVM). In above typical machine learning baselines, theWord2Vec
pretrained language model is applied to encode the classroom dialogue text. The other
is deep learning classification methods, involving single neural network-based classi-
fication models and joint neural networks-based classification models. We adopt two
basic artificial neural networks, including Convolutional Neural Network (CNN) and
Recurrent Neural Network (RNN). Specifically, the RNN contains two variants, Gated
Recurrent Unit (GRU) and Long Short-Term Memory Network (LSTM). Furthermore,
we use their bidirectional structure models, consisting of Bidirectional GRU (BiGRU)
and Bidirectional LSTM (BiLSTM). Moreover, three joint models are used, including
CNN-GRU, CNN-LSTM and CNN-BiLSTM. All of them are combined with two basic
types of neural networks, CNN and RNN. CNN-GRU is the combination of CNN and
GRUwhile CNN-LSTM is of CNN and LSTM. CNN-BiLSTM combines the CNNwith
Bidirectional LSTM. All neural network-based baselines use BERT and RoBERTa to
encode the classroom dialogue text.

All baselines are trained for 10 epochs with a batch size of 64 on the same training
dataset, using the cross entropy as the loss function and the backpropagation algorithm
with Adam optimization method to train the neural networks and to update the model
parameters. Within the models containing CNN, the number of convolutional filters is
set as 100 and the kernel size is 3. Within the models containing RNN structure, the
hidden size is set to 64. ReLu is applied as an activation function.

3.3 Evaluation Metrics

Three commonly evaluation metrics, precision, recall and F1-score, are used to evaluate
the effectiveness of the classification models (Olson and Delen 2008). Precision is the
proportion of instances with correctly predicted categories over all predicted instances,
and recall is the proportion of instances with correctly predicted categories over all
instances annotated with the categories. Precision and recall are calculated based on the
outcomes of True Positives (TP), False Negatives (FN) and False Positives (FP). For a
manual annotation record of classroom dialogue text, the positive category indicates that
the actual category annotated by the human coder, while remaining categories, i.e., the
negative categories, do not belong to the record. Within the same record, there are two
cases for the predicted results with the model. One is that the predicted category is con-
sistent with the target category, and another is that the predicted category is inconsistent
with the target category. TP is a measure for the former situation and FN is for the latter.
Among those coding records with other categories annotated by the human coder, FP
indicates an outcome that the category predicted by the model is not consistent with any
one actual category of the coding records. F1-score is the harmonic mean of precision
and recall.
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3.4 Results

Based on the built dataset, all the classification methods, including traditional machine
learning-based methods and deep learning-based methods, run to verify their perfor-
mance. The performance of our CNN-BiLSTM-Attention model is compared with that
of the other 11 baseline methods.

The experiment results, as shown in Table 2, indicate that neural network-based
models in overall have better ability to predict the categories of classroom dialogue
context than traditional machine learning-based classification models. The LR model
with the Word2Vec (Word2Vec + LR) achieves a F1-score of 0.510, which is the best
among the traditional machine learning-based models. The SVMmodel withWord2Vec
(Word2Vec + SVM) obtains lower performance than the RF and LR model. Based on
the BERT pretrained language model, the GRU model (BERT + GRU) and the LSTM
model (BERT+ LSTM) obtains similar F1-scores, which is higher than that of the CNN
model (BERT+CNN).After applying the bidirectional structure, theF1-socre ofBiGRU
model (BERT+BiGRU) and BiLSTMmodel (BERT+BiLSTM) increased from 0.657
to 0.661 (0.6%), and from 0.658 to 0.664 (0.9%), respectively. Furthermore, the joint
models CNN-GRU and CNN-LSTM with BERT obtain lower performance than that of
the GRU model and the LSTM model. However, the CNN-BiLSTM model with BERT
obtains a F1-socre of 0.680, higher than that of the CNNmodel and the BiLSTMmodel,
with 3.3% improvement. After applying the attention mechanism to the CNN-BiLSTM
model (BERT + CNN-BiLSTM-Attention), the performance is further improved, with
a F1-socre 0.686, ranking the best among all the models. The experiment has presented
that our CNN-BiLSTM-attention model is able to improve the overall classification
performance, by introducing the attention mechanism.

Table 2. The performance comparison of the CNN-BiLSTM-Attention model with eleven
baseline methods

Methods Precision Recall F1-score

Word2Vec + LR 0.543 0.572 0.510

Word2Vec + RF 0.495 0.530 0.492

Word2Vec + SVM 0.413 0.537 0.424

BERT + CNN 0.657 0.658 0.650

BERT + GRU 0.659 0.658 0.657

BERT + LSTM 0.663 0.670 0.658

BERT + BiGRU 0.662 0.664 0.661

BERT + BiLSTM 0.676 0.664 0.664

BERT + CNN-GRU 0.659 0.648 0.650

BERT + CNN-LSTM 0.647 0.639 0.640

BERT + CNN-BiLSTM 0.688 0.690 0.680

BERT + CNN-BiLSTM-Attention 0.692 0.685 0.686
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In addition, to further test the effectiveness of the CNN-BiLSTM-Attention model,
we apply another pretrained language model RoBERTa. All the eight neural network-
based baseline methods are compared with the CNN-BiLSTM-Attention model. The
results, as presented in Table 3, show that the adoption of RoBERTa improves the over-
all performance of all the neural network-based methods compared with BERT. Among
the single neural network-based classification models, the BiLSTM model (RoBERTa
+ BiLSTM) obtains the best performance with a F1-socre of 0.6748. After combin-
ing the CNN model, the joint neural network-based classification model (RoBERTa +
CNN-BiLSTM) achieves a F1-socre of 0.6879, with 1.9% improvement. Our CNN-
BiLSTM-Attention model (RoBERTa + CNN-BiLSTM-Attention) performs the best,
with a precision of 0.7104, a recall of 0.7135, and a F1-score of 0.7006.

Table 3. The performance comparison of the CNN-BiLSTM-Attention model with neural
network-based baseline models using the RoBERTa pretrained language model

Methods Precision Recall F1-score

RoBERTa + CNN 0.6611 0.6622 0.6580

RoBERTa + GRU 0.6723 0.6756 0.6705

RoBERTa + LSTM 0.6729 0.6689 0.6582

RoBERTa + BiGRU 0.6752 0.6789 0.6715

RoBERTa + BiLSTM 0.6843 0.6834 0.6748

RoBERTa + CNN-GRU 0.6658 0.6728 0.6660

RoBERTa + CNN-LSTM 0.6738 0.6773 0.6694

RoBERTa + CNN-BiLSTM 0.6907 0.6945 0.6879

RoBERTa + CNN-BiLSTM-Attention 0.7104 0.7135 0.7006

By selecting the RoBERTa+CNN-BiLSTM-Attention model as the best performed
method, we further conduct an experiment to view its performance on each category.
As shown in Table 4, the results demonstrate that the performance on all the seven
categories varies with the imbalanced size of the dataset. The F1-scores of the categories
“Prior-known knowledge”, “Agreement” and “Analysis” are 0.8394, 0.8350, and 0.7573,
respectively, ranking the top three among all the categories. The following categories
are “Coordination”, “Speculation” and “Uptake” with the F1-scores of 0.6190, 0.5629
and 0.4688, respectively. The “Querying” category has the lowest F1-score of 0.4082.
With respect to the Precision metric, our CNN-BiLSTM-Attention model is capable of
identifying most of the classroom dialogue text correctly, particularly, on the categories
of “Agreement” and “Prior-known knowledge”.

3.5 Case Study

As shown in Fig. 2, a sentence “ ” (‘Is there any conclusion?’) is input into
the trained CNN-BiLSTM-Attention model. Based on the training using the training
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Table 4. The performance of the CNN-BiLSTM-Attention model on each category

Categories Precision Recall F1-score

Prior-known knowledge 0.8026 0.8798 0.8394

Analysis 0.6915 0.8369 0.7573

Coordination 0.6603 0.5825 0.6190

Speculation 0.6812 0.4796 0.5629

Uptake 0.6930 0.3543 0.4688

Agreement 0.8267 0.8434 0.8350

Querying 0.4762 0.3571 0.4082

Overall 0.7104 0.7135 0.7006

dataset, the model analyzes semantic content of the text and outputs the confidences of
all categories. Credibility value ranges from 0 to 1. The label with the highest confi-
dence is selected as the final category of the dialogue sentence. In this case, the label
“Coordination” obtains the highest confidencewith 0.8386. It indicates that this dialogue
sentence is most relevant to the category “Coordination”.

Fig. 2. A case of context classification of classroom dialogue text by CNN-BiLSTM-Attention
model

4 Discussion

Compared to the previous studies on the classification of classroom dialogue manner,
this paper explores the possibility of context classification of classroom dialogue text
based on the deep learning and neural network. To classify the context of classroom
dialogue text into appropriate category, it is crucial to understand the semantic content
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of the text. Because of the complex semantics of the natural language as well as the
characteristics of high-dimensionality and sparsity of traditional text representation, the
traditional machine learning methods are weak in learning the deep semantic informa-
tion of the classroom dialogue context. Therefore, we adopt a deep learning approach
of natural language processing to capture and learn the semantic information within
the classroom dialogue text. Concretely, we propose a hybrid text classification model
namely CNN-BiLSTM-Attention, which is comprised of two types of artificial neu-
ral networks including Convolutional Neural Network (CNN) and Bidirectional Long
Short-Term Memory Network (Bi-LSTM) and is based on the attention mechanism.

Our CNN-BiLSTM-Attention model incorporates five layers, consisting of embed-
ding layer, CNN layer, BiLSTM layer, attention layer, and output layer. In embedding
layer, we utilize a pretrained languagemodelRoBERTa to encode the classroomdialogue
text into a low-dimensional dense vector space. In terms of CNN layer and BiLSTM
layer, we leverage CNN and Bi-LSTM to capture and learn the local semantic informa-
tion as well as the global contextual semantics of the classroom dialogue text respec-
tively. To enhance the understanding for semantic content in dialogic text, we further
deploy the attention mechanism in attention layer. The output layer finally calculates the
probability distribution for each category through Softmax activation function, and the
category with the highest probability would be selected as the final category. The fusion
of different components in various layers strengthens the comprehensive capability of
the CNN-BiLSTM-Attention model for learning deep semantic content of classroom
dialogue text.

According to the experiment results, the neural network-based models in overall per-
form better than other traditional machine learning-based classification models such as
LogisticRegression (LR),RandomForest (RF), andSupportVectorMachine (SVM). It is
suggested that neural network-basedmodels are skilled in learning semantic information
than traditional machine learning-basedmodels, and it verifies the feasibility of applying
deep learning and neural networks for context classification of classroom dialogue text.
Comparedwith other neural network-basedmodels, ourCNN-BiLSTM-Attentionmodel
obtains the best performance in F1-score when leveraging either BERT or RoBERTa.
It reflects the effectiveness of transfer learning based on pretrained language model
and of model fusion based on multiple neural networks in context classification task of
classroom dialogue text.

Our CNN-BiLSTM-Attentionmodel performs the best on several categories, such as
“Prior-known knowledge”, “Agreement”, “Analysis”, but poorly in some categories like
“Speculation”, “Uptake”, and “Querying”. In terms of the statistics for our classroom
dialogue dataset, there is a circumstance that the categorywith themost dialogue samples
is 43 times more than the category with the least. It is assumed that imbalanced dataset
has a certain influence on the model learning on each category. Moreover, there are some
major differences between the scores on precision and recall among distinct categories.
For instance, the category “Uptake” achieves a precision of 0.693, but obtains a recall
of 0.3543. The results show that the model cannot learn enough semantic information
from some classroom dialogue text in specific categories. It is critical to improve the
model performance in the future work.
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5 Conclusion

In this paper, we propose a hybrid neural network-based model namely CNN-BiLSTM-
Attention for context classification of classroom dialogue text. Based on a classroom
dialogue dataset including155 lessons inChinese language, the comparisonof the trained
model with eleven baseline methods and the experiment results have shown that our
model achieves the best performance with an overall F1-score of 0.7006.
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Abstract. The essence of blockchain is decentralized and distributed
ledger/database technology. Blockchain has the advantages of decentralization,
Safety and tamper-proof, traceability, openness and transparency and anonymity.
Blockchain technology can effectively deal with the various problems and chal-
lenges faced by traditional academic credit bank. In the application scenario of
learning achievements deposit, the blockchain technology can avoid import errors
or tampering of learning achievements and increase the authority and credibility
of the academic credit bank. Automatically executed smart contracts can improve
the efficiency of depositing learning achievements into the academic credit bank,
reduce labor work and save time. In the application scenario of job application
and recruitment, through blockchain, job applicants and employers HR no longer
need to re-confirm the certification authority from the certificate issuing insti-
tution to achieve the purpose of data confirmation and data verification, which
improves the efficiency of job application and recruitment. In the application sce-
nario of academic credit transfer, the use of smart contracts+Oracle for academic
credit transfer can effectively integrate students’ academic competence informa-
tion spread across multiple data sources, and improve the efficiency and authority
of the academic credit bank system. A three-step strategy can be used to build
a blockchain on the academic credit bank system, followed by private chain,
alliance chain and public chain. In this paper the account-based blockchain model
is preferred rather than the transaction-based blockchain model to be used in the
academic credit bank system.

Keywords: Blockchain · Academic credit bank · Smart contract

1 Overview of Blockchain

1.1 Definition of Blockchain

The blockchain is derived from the underlying technology of Bitcoin. In 2008, Satoshi
Nakamoto proposed a digital currency called Bitcoin in his paper “Bitcoin: A Peer-to-
Peer Electronic Cash System” (Nakamoto 2008). People who do not trust each other can
directly pay with Bitcoin, without the coordination of any authoritative intermediary
agencies. Ethereum is another well-known blockchain technology application after Bit-
coin. The concept of Ethereum was first proposed by Vitalik Buterin after being inspired

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 337–348, 2020.
https://doi.org/10.1007/978-981-33-4594-2_28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_28&domain=pdf
https://doi.org/10.1007/978-981-33-4594-2_28


338 N. Yan

by Bitcoin in 2013. Ethereum is a public blockchain platform that runs smart contracts,
providing a decentralized Ethereum Virtual Machine to process peer-to-peer contracts
through its dedicated cryptocurrency Ether (Buterin 2014).

Currently, there are various definitions of blockchain. For example, The Economist
refers to blockchain as “The Trust Machine” in 2015 (Berkeley 2015). It can be seen that
the core problem solved by the blockchain technology is how to allow the two parties
in the P2P network to trust each other without credit endorsement, and can conduct
transactions with confidence. Many people believe that blockchain technology is one
of the main driving forces for the transformation of “Internet of Information” to the
“Internet of Value” (Visconti 2019).

This paper summarizes and refines various definitions of blockchain, and concludes
that the essence of blockchain is decentralized and distributed ledger/database technol-
ogy. Blockchain technology is a brand-new distributed infrastructure and computing
paradigm that uses blockchain data structures to verify and store data, uses distributed
node consensus algorithms to generate and update data, uses cryptographic methods to
ensure the security of data transmission and access, and uses smart contracts composed
of automated script code to program and manipulate data. Nick Sazb put forward the
concept of smart contracts in 1997. His definition of smart contracts is: “a computerized
transaction agreement that implements the terms of a contract” (Sazb 1997). The smart
contract on the blockchain is an executable program in a sandbox environment. Unlike
traditional programs, the smart contract emphasizes transactions, and the smart contract
itself is also a program generated by a transaction. The input, output, and state changes
of smart contracts all exist in the blockchain, that is, they need to be completed on the
basis of the consensus algorithm between nodes. At present, as a core technology of
the blockchain, smart contracts have been widely used in Ethereum, Hyperledger Fabric
and other influential blockchain projects.

1.2 Advantages of Blockchain

This paper summarizes five major advantages of blockchain as follows:

1. Decentralization: Distributed storage technology can ensure data security and reduce
the risk of data loss and hacker attack.

2. Safety and tamper-proof: Unless a malicious node controls more than 51% of the
computing power of the entire network, it cannot launch an effective attack; The
consensus algorithm ensures that the block data cannot be tampered with, which can
effectively eliminate the possibility of possible dark box operations.

3. Traceability: Blocks and timestamps are connected in an orderly manner, ensuring
data traceability.

4. Openness and transparency: The data records and updates in the blockchain system
are transparent to the nodes of the entire network, which is the foundation of the
trustworthiness of the blockchain.

5. Anonymity: The blockchain adopts cryptography technology to solve the problem of
trust betweennodes. Therefore, data transaction between twonodes canbeperformed
under the condition of anonymity.
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1.3 Types of Blockchain

According to the way the verifier participates in the network, blockchains can be divided
into three types: public chain, private chain and alliance chain.

The public chain is open to everyone. Users can access the network and blocks
anonymously without registration and authorization. Anyone can join and exit the net-
work freely, and participate in accounting and transactions. The public chain is a truly
decentralized blockchain. It uses cryptography (asymmetric encryption) algorithm to
ensure the security and tamper-proof of transactions. The mutual trust and consensus
mechanism are established in a non-secure network environment. In the public chain,
the consensus mechanisms are generally Proof ofWork (PoW) and Proof of Stake (PoS).
Both Bitcoin and Ethereum are public chains.

The alliance chain is limited to members of the alliance, because it only opens all
or part of the functions for members, so the read and write permissions and accounting
rules on the alliance chain are customized according to the alliance rules. The consensus
process on the alliance chain is controlled by pre-selected nodes. In general, it is suit-
able for B2B scenarios such as inter-institutional transactions, settlement, or clearing.
The alliance chain is jointly maintained by participating member institutions and pro-
vides a full set of security management functions such as management, authentication,
authorization, monitoring, and auditing of participating members.

The private chain is open to individual individuals or entities, and is only used within
private organizations, such as companies or organizations. The read and write permis-
sions on the private chain and the permissions to participate in accounting are all set by
private organizations. Themain value of the private chain is security, traceability, tamper-
proof and automatic execution, which is difficult for traditional information systems to
achieve simultaneously. Because the private chain has fewer nodes, the transaction speed
is faster than the public chain and the alliance chain, and even close to the writing speed
of the conventional database.

From the perspective of data structures of blockchain model, blockchain can be
divided into transaction-based and account-based blockchains. Bitcoin is a transaction-
based model, and Ethereum is an account-based model.

2 Application of Blockchain in Education Field

Firstly, blockchain technology helps to establish a digital certificate issuance, storage
and certification system. In the field of blockchain, the term describing the application
is “Proof of Existence” (PoE). The basic principle of PoE is to hash the file to be stored,
and then store this hash value in the blockchain. Because the blockchain stores all con-
firmed transactions, and because the hash value is unique, it can prove the existence of
a specific file. With the continuous development and popularization of open educational
resources such as MOOC, digital certificates based on blockchain technology are ideal
tools for storing, sharing and verifying learning achievements. The issuer, receiver, and
document signature of the certificate can be stored in a distributed database through the
blockchain. This system is decentralized and tamper-proof; any user who has access
to the blockchain can perform certificate verification without the involvement of an
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intermediary party, which reduces the complexity and cost of verification, and the doc-
ument privacy can be effectively protected. The American company Learning Machine
has developed Blockcerts in conjunction with MIT’s Media Lab. Blockcerts is an open
standard for digital academic certificates based on the Bitcoin blockchain. It provides
a decentralized certification system that can be used to issue any type of certificate,
including professional certificates, transcripts, credits, or degrees.

Secondly, blockchain technology can promote the transformation of education eval-
uation methods, giving learners more freedom of learning and resource control. In the
process of continuous improvement of education, the evaluation methods of personal
achievements will also exhibit diversified development. Sony Global Education is devel-
oping technology to apply blockchain to the education field to achieve more secure data
encryption transmission, especially for students’ academic level statistics and measure-
ment data related to exams; to promote the openness and security of academic data
Management; through the authorization of students to share test results, to achieve a test
result can be evaluated in multiple institutions.

Thirdly, blockchain technology can establish personal electronic portfolios more
effectively and securely, and keep records of various learning achievements across dif-
ferent systems and platforms. Learners can collect and combine the academic credits or
learning achievements obtained from various educational institutions and apply for cer-
tification by educational institutions to obtain course certificates or degree certificates.
OpenBlockchain is an initiative of the Knowledge Media Institute (KMI) at The Open
University in the UK. The “Micro-credentials” and “Open Badges” developed by KMI
are supported by OpenBlockchain.

Finally, blockchain technology can strengthen the intellectual property protection
of digital education resources. On the one hand, digital education resources can facil-
itate learners to learn and promote education equity; on the other hand, it also brings
problems and hidden dangers of intellectual property protection. The traceability of
blockchain technology can strengthen the intellectual property protection of digital edu-
cation resources. For example, Ledger Journal is an academic journal about cryptocur-
rencies and blockchain technology,which requires users to digitally sign their documents
with a Bitcoin private key and time stamp them. Bernstein Technologies uses blockchain
technology for copyright and patent protection, and intellectual property litigation.

3 Overview of Academic Credit Bank

3.1 The Origin of Academic Credit Bank Idea

Lifelong learning is the necessary condition and basic requirement for people to survive
in the 21st century. Lifelong learning can occur in any place and environment throughout
the life of people. The goal of lifelong learning is to pursue the comprehensive and
harmonious development of people. It is expected that people can safely and fully display
and express their potential in all stages of their growth. Information technology and
information systems have an important support role for lifelong learning.

Some scholars once envisioned a Web system that supports lifelong learning: it can
integrate learners’ previous learning experience and global resource information, and
save all the learning experiences of learners from birth to death which happen in different
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organizations and environments (Cohn and Hibbitts 2004). The above Web system can
be regarded as aUtopian academic credit bank system for lifelong learning. Although the
above idea is very attractive, in fact, whether in China or in other countries and regions,
individual learning records at different stages are often kept in different organizations
and institutions, and in different locations in different data formats. Because various
organizations and institutionswhich have different interests are divided in administration
and management, people have to apply for services from different organizations or
institutions in order to obtain their previous learning experience data. Therefore, actually
people cannot obtain a complete and unified view tool to show their learning experience
and learning achievements.

3.2 Overview of Traditional Academic Credit Bank System

Nevertheless, over the years, through the promotion and efforts of the governments and
other institutions, some countries and regions, including China and South Korea, have
established various academic credit bank systems having different types and levels. Tak-
ing Shanghai, China as an example, with the promotion and support of the Shanghai
municipal government, Shanghai Academic Credit Bank Management Center for Life-
long Education was established in 2010. It has been running for ten years. This academic
credit bank system (www.shcb.org.cn) is connected with multiple information systems,
and has established electronic portfolios for millions of people. The various academic
records stored in the academic credit bank system include academic education credits,
vocational training certificates and community education experiences, etc.

At present, Most successfully built and operated academic credit banking systems
are initiated by governments. Through data import or data interface, data from multiple
information systems is stored in the central database of academic credit bank system syn-
chronously or asynchronously. This paper refers to the above system as the “traditional
academic credit bank system”. Generally speaking, traditional academic credit bank sys-
tems have three main functions: providing learning achievement deposit and access ser-
vices, providing academic credit transfer services, and providing learning achievement
certification services. The objects of academic credit bank services include both individ-
uals and institutions, that is to say, there are both B2C business and B2B business. People
can open an account in the academic credit bank system, access their previous learning
achievements, perform academic credit transfer, and authorize third-party institutions to
check some or all of their learning achievements or certificates.

From the perspective of participating institutions, the traditional centralized aca-
demic credit bank systemmainly includes the academic credit bank management center,
the academic credit bank branches and the cooperative institutions of the academic credit
bank (schools, universities or other certificate issuing institutions).

3.3 Problems and Challenges of Traditional Academic Credit Bank Systems

In summary, traditional academic credit bank systems are facing the following problems
and challenges:

http://www.shcb.org.cn
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1. It is necessary for the traditional academic credit bank center to reach a cooperation
agreement with other institutions before it can obtain data through data import or
data interface. For the academic credit bank and its cooperative institutions, this
method of obtaining data is time-consuming, inefficient, and error-prone.

2. The traditional academic credit bank system is usually designed with the B/S archi-
tecture. Both its applications and data are all run or stored on a central server. The
centralized application deployment and data storage are prone to problems such as
single point of failure, network attacks and data tampering, and the security of data
storage and data access is low.

3. It is still difficult and troublesome for the traditional academic credit bank to verify
learners’ achievements in those institutions that have no cooperative relationship
with the academic credit bank, so it is not easy for learners to incorporate a wider
range of learning experiences and learning achievements into their academic credit
bank accounts, causing their electronic portfolios in the academic credit bank to lack
integrity.

4. The update of traditional academic credit bank data records is opaque to other insti-
tutions. The data synchronization of the centralized academic credit bank system
and the multiple information systems of cooperative institutions is not reliable, and
it is prone to data synchronization delay or data inconsistency.

5. Users of the traditional academic credit bank have potential data privacy protection
problems. In fact, traditional Internet platforms often have serious data security and
privacy protection issues. In 2018, Facebook leaked 50million user information data
is a typical case.

Because of its advantages of decentralized/distributed storage, security and tamper-
proof, traceability, transparency, and anonymity, blockchain technology can better
address the above problems and challenges. It is even foreseeable that blockchain tech-
nology can help to achieve the utopian lifelong learning credit bank mentioned above in
a sense.

4 Typical Application Scenarios of Blockchain

4.1 Application Scenarios of Learning Achievements Deposit

In the traditional academic credit bank mode, there are two ways to deposit learn-
ing achievements into the academic credit bank. One is the batch deposit of learning
achievements by education institutions, and the other is the personal deposit of learning
achievements by individuals.

In themode of batch deposit of learning achievements by education institutions, there
may be problems with data synchronization delay or data inconsistency. In the mode
of personal deposit of learning achievements by individuals, the problem lies in: on the
one hand, there may be errors when manually importing data, and in a few cases, users
may falsify their learning records; on the other hand, the staff of the academic credit
bank branch need to refer to the transcripts or other certificates to verify the records
imported by individuals, and then the staff of the academic credit bank management
center will review the learning records before the learning achievements can be finally
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deposited in the academic credit bank. Both of them a are error-prone labor-consuming
and time-consuming. In addition, the possibility of malicious tampering of data by the
administrator cannot be completely ruled out.

In the academic credit bank+ blockchainmode, once some person or institution sub-
mits learning achievements on the blockchain, after the transaction is packaged to form
a block, it will be broadcast to all nodes on the blockchain, and it is almost impossible to
be tampered with. If the record on the blockchain is found to be wrong, the transaction
to modify or delete the record will also be packaged to form a block and broadcast
to all nodes on the block chain, which is tamper-proof and traceable. Therefore, the
blockchain technology can avoid import errors or tampering of learning achievements
and increase the authority and credibility of the academic credit bank. Automatically
executed smart contracts can improve the efficiency of depositing learning achievements
into the academic credit bank, reduce labor work and save time.

Figure 1 depicts the application of blockchain in the learning achievements deposit
scenario of the academic credit bank system. Step 1–3 correspond to the batch deposit
mode, and step 4–5 correspond to the individual deposit mode.

Fig. 1. Blockchain application scenario of learning achievements deposit

4.2 Application Scenarios of Job Application and Recruitment

In the traditional job application and recruitment, the candidate may show his/her aca-
demic transcripts and qualification certificates to employers or interviewers to increase
the opportunity to get the job. At the same time, it also helps HR find more suitable can-
didates more effectively and improves recruitment efficiency. However, there are certain
deficiencies and limitations in reality:
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1. Although job applicants hold academic transcripts and qualification certificates, in
fact, the authority of transcripts and certificates still depends on the certificate issuing
institution. Despite the certification marks such as seals, in many cases, HR of the
potential employer is still insufficient to confirm the authority and authenticity of
academic transcripts or qualification certificates.

2. The academic transcripts or qualification certificates of job applicants may be lost
or damaged. Individuals need to apply to the certificate issuing institution to obtain
a copy of the academic transcript, and it is more difficult to obtain a copy of the
certificate. In some cases, the certificate issuing institution is no longer in operation,
so people can no longer obtain their lost or damaged certificates.

3. HR of potential employer are generally unable to quickly obtain verification feed-
back from the certificate issuing institution on the on the academic transcripts or
certificates held by job applicants. Availability of timely feedback depends on the
certificate issuing institution, so it wastes time for employers and job applicants.

The academic credit bank can effectively deal with the above issues. The learning
records in the academic credit bank are imported by the certificate issuing institutions
in the credit bank cooperative alliance. These records are authoritative, and in principle,
individuals cannot modify his/her learning records in the academic credit bank. So as
long as HR of the potential employer is authorized by the job applicant to check his/her
credit bank account records, HR can verify the academic transcript and certificates of the
job applicant. However, although the number of cooperative institutions of the academic
credit bank has been growing, the learning records in individual academic credit bank
accounts are still only part of the learning achievements obtained by individuals. It is
difficult for the academic credit bank to cover all the learning achievements of users.

If the applicant’s transcript or certificate has not been deposited in the academic credit
bank, the applicant should still rely on the endorsement of the certificate issuing institu-
tion to show the previously obtained certificate to the HR of potential employer. There-
fore, although the learning achievements are personally owned, if there is no endorse-
ment by the issuing institution, the owner of the learning achievements cannot authorize
his/her learning achievements. How to make the owner of learning achievements endow
the authenticity and authority of the learning achievements obtained by oneself is essen-
tially a problem of data authentication. The blockchain can solve the problem of data
authentication because of its advantage of tamper-proof and traceability. As long as the
certificate issuing institution encrypts the job applicant’s learning records and publish
them on the blockchain, the job applicant can send the address of learning records on
the blockchain to the HR of the potential employer and the academic credit bank. The
academic credit bank verifies the authenticity of the job applicant’s learning records
through smart contracts and deposits it in the applicant’s personal account of the aca-
demic credit bank. The employer HR can access and verify the job applicant’s learning
records on the blockchain with the applicant’s public key, or the job applicant can autho-
rize the employer HR to access his/her personal account of the academic credit bank to
verify his/her learning records. Through blockchain, job applicants and employers HR
no longer need to re-confirm the certification authority from the certificate issuing insti-
tution to achieve the purpose of data confirmation and data verification, which improves
the efficiency of recruitment. The academic credit bank can also obtain credible learning
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records directly without review, which saves labor and reduces the possibility of data
synchronization delay and data inconsistency.

Figure 2 depicts the application of blockchain in the job application and recruitment
scenario of the academic credit bank system.

Fig. 2. Blockchain application scenario of job application and recruitment

4.3 Application Scenarios of Academic Credit Transfer

Generally speaking, if students want to transfer their qualification certificates into aca-
demic credits, they need to submit the qualification certificates to the academic affairs
department of education institutions. then the academic affairs department will convert
the students’ qualification certificates into the corresponding course credits according
to the academic transfer regulation of the education institution. If students transfer, they
need to submit the previous transcripts to the transferred education institution, and the
transferred education institution will convert the students’ previous learning achieve-
ments into corresponding course credits according to its academic transfer regulation.
There are two deficiencies in the above process. Firstly, students must hold the original
transcripts or certificates certified by the certificate issuing institution. If the documents
are lost or damaged, they must try to obtain verified copies of the documents from the
certificate issuing institution. Students need to spend time and expenses to obtain verified
documents. Secondly, transferred education institution also need to spendmanpower and
time to review the documents submitted by students.

The academic credit bank can effectively deal with the above issues. The cooperative
institutions of the academic credit bank publish on the academic credit bank website
and regularly maintain credit transfer regulations and corresponding courses/certificates
catalogs. Students can refer to the credit conversion rules and courses/certificates catalogs
published on the academic credit bank website, and apply for academic credit transfer
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online, and the academic credit bank cooperative institutions can also accept and review
student applications online. All applications and reviews can be conducted online, which
not only improveswork efficiency and reduces costs, but also reduces the risk of receiving
fake documents for education institutions.

However, years of practice have shown that in the real academic credit transfer
scenario, the traditional academic credit bank still have the following deficiencies:

1. Actually it is the cooperative institution that can finally decide whether students can
perform some academic credit transfer, and the academic credit bank only provide
a transfer platform for students and institutions. The credit transfer regulations pub-
lished on the academic credit bank website are just nominal rules for determining
whether credit transfer can be performed, not all. In other words, the actual credit
transfer rules also contain many “hidden rules”. For example, due to the fact that
universities are divided into different levels, most universities tend to transfer credits
from universities at the same level or higher than their own level, and do not want to
transfer academic credits from universities below their level. This “hidden rule” is
usually not included in the published academic credit transfer regulations. Generally
speaking, if students need to transfer academic credits from low-level universities
to high-level universities, they often need to provide additional information to prove
their ability.

2. If studentswant to transfer academic credits obtained fromnon-academic credit bank
cooperative institutions, they still need to transfer academic credits in the traditional
way. Or it is necessary to deposit the original learning achievements in the academic
credit bank after verification, then apply for academic credit transfer to the trans-
ferred education institution through the academic credit bank. The above process is
undoubtedly cumbersome and inefficient.

In the application of blockchain to the academic credit bank, smart contracts+Oracle
can be used to deal with the issues in the traditional academic credit bank mentioned
above. The function of Oracle is to write external information into the blockchain to
complete the data communication between the blockchain and the real world. It allows
certain smart contracts to react to the uncertain external world. It is the only way for
smart contracts to interact with the outside world, and it is also the interface for the
blockchain to interact with the real world.

The academic credit bank and cooperative institutions can write credit transfer regu-
lations and corresponding courses/certificates catalogs into smart contracts and publish
them on the blockchain. The Oracle can read some data that the student can prove his/her
academic competence off blockchain. For example, this data may be a recommendation
letter written by a professor. The Oracle sends the message to the smart contract, and
under the manual intervention of the arbitrator (usually the academic administrator), the
academic credit transfer is finally completed. Obviously, the use of smart contracts +
Oracle for academic credit transfer can effectively integrate students’ academic compe-
tence information spread across multiple data sources, and improve the efficiency and
authority of the academic credit bank system.

Figure 3 depicts the application of blockchain in the academic credit transfer scenario
in the academic credit bank system.
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Fig. 3. Blockchain application scenario of academic credit transfer

5 Conclusions and Outlook

Blockchain has the advantages of decentralization, security and tamper-proof, traceabil-
ity, openness, transparency and anonymity, which can effectively solve the problems and
challenges faced by the traditional academic credit bank. In typical application scenarios
such as learning achievements deposit, recruitment and job application, and academic
credit transfer, the academic credit bank + blockchain mode can save labor and time,
reduce the risk of data inconsistency and falsified data, and improve the authority and
availability of the academic credit bank. To build a blockchain on the academic credit
bank system, it is envisaged in this paper that 3 steps implementation method can be
adopted as follows:

1. The internal nodes of the academic credit bank (including the center and branches)
use a private chain for operation, which requires authorization to join and access.
Because the number of this private chain nodes is relatively small, data security and
data upload speed are guaranteed.

2. As a node on the alliance chain, the academic credit bank private chain connects
with cooperative institutions nodes. The consensus process on the alliance chain is
controlled by the academic credit bank, and the blockchain rules and regulations are
jointly formulated by the academic credit bank and cooperative institutions.

3. As a node on the public chain, the academic credit bank alliance chain with other
institutions and individuals. Any institution or individual can freely join or exit the
academic credit bank public chain.

In addition, the account-based blockchain model is preferred here rather than the
transaction-based blockchain model to be used in the academic credit bank. Firstly,
transaction-based blockchains, such as Bitcoin, are designed for payment and transfer.
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There is no account in the Bitcoin blockchain system, but only the address of the wallet,
and a person can have multiple wallet addresses. UTXO is the core idea of Bitcoin, and
there are multiple UTXOs in each wallet address. One person’s money is the sum of
the UTXOs in all these addresses. This design makes the “double spending” in the pay-
ment easier to verify. But for learning records, there is no “double spending” problem,
academic credits can be used repeatedly. Secondly, for an academic credit bank user, it
is more reasonable to have an academic credit account with various learning achieve-
ments instead of havingmultiple academic credit addresses. Thirdly, if the account-based
transaction blockchain model is adopted, smart contracts can be applied. Smart contracts
would be widely used in multiple application scenarios of the academic credit bank +
blockchain, without manual intervention, which can improve work efficiency and reduce
execution costs.
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Abstract. Hands-on practices in vocational and professional education and train-
ing’s (VPET) workshops and workplaces are the major learning and teaching
activities. Interestingly, studies found that VPET’s students prefer online learning
and e-resources to complement and supplement their study. VPET students also
found technology-enhanced learning (TEL)motivates learning and able to provide
a timely review at anytime and anywhere. This paper shares the TEL strategies
and best practices of one of Hong Kong’s largest VPET institutions. Findings
indicated the possibility and needs of using TEL to accommodate VPET students’
attributes. Responses from the survey revealed that VAR best fitted psychomotor
skills oriented students while also benefited cognitive oriented students to develop
analytical skills. The qualitative feedback further revealed that the VAR assisted
courses were appropriate and effective to motivate students, enhance knowledge,
promote problem-solving and practical skills at their own learning pace. Most
significantly, this study highlighted VPET students’ attributes, learning styles and
preferences as salient points for future studies.

Keywords: Vocational and professional education and training (VPET) ·
Students’ attributes · Blended-learning · Technology-enhanced learning (TEL) ·
Gamification · Augmented and virtual reality (AVR)

1 Introduction

Studies revealed that using technology for learning and teaching improves learning effec-
tiveness, advances knowledge andpromotes student-led learning [1, 5, 6, 8, 11, 13, 14, 26,
29, 31–33]. Salmon [27] suggested that e-learning as an approach and pedagogy should
now be incorporated into the education domain as a supportive mechanism for contin-
uing development. For the past decade, the profusion of online learning platform and
e-resources changed the concept of acquisition of knowledge and constituted a paradigm
shift in learning and teaching. Knowledge on the internet appears in various forms of
technology-enabled media such as online lectures, discussion forums, instruction videos
and various means of interactive technology-enhanced learning (TEL). Arguably, the
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theory and lecture-based teaching in universities as well as their students’ broadminded
attributes and cognitive abilities in academic studies are the enabling factors for the well
acceptance and suitability of online learning. Vocational and professional education and
training (VPET) emphasises the mastery of hands-on dexterities and functional skills
as the major learning and teaching activities in VPET’s institutions, the conversion of
hands-on practices into online learning delivery mode and the development of online
resources need extra efforts to ensure the effectiveness on learning. Given the above,
what are the e-learning strategies and educational technologies that will accommodate
VPET’s students’ attributes, learning preferences and habits as well to enable them
to practice hands-on skills in the VPET learning environment? To what extent would
the above enhance their knowledge, practical skills as well as to enrich their learning
experience?

2 Students’ Attributes and Learning Preferences

Bloom’s taxonomy originated in 1956 [3] classified educational learning objectives into
three hierarchical models as cognitive (knowledge based), affective (emotion-based) and
psychomotor (action-based) domains. Most teachers well accepted that that university
students’ broadminded attributes and cognitive abilities contribute to their excellence in
academic studies; while vocational and professional education and training’s (VPET)
students are less excel in academic studies but merit in hands-on dexterities and func-
tional skills. Their diligent attributes and psychomotor abilities shaped their learning
preferences and habits. Whilst Bloom’s taxonomy still valid after all these years, with
the advancement of technologies and the arrival of digital culture that changed the ways
people teach and learn aswell as living, entertaining and consumption habits, the learning
styles of the ‘Post 90s’ or ‘Generation Z’ can be summarised as follows:

• Perform multi-task, prefer visual image communications, auditory discussions and
kinaesthetic hands-on experience over textual reading

• Be timely connected in any forms of electronic gadgets and social networks for instant
exchanges of messages

• Collaborate, share knowledge and learn effectively through online social interactions

The increasing inclination to online or web-based visuals information to a certain
extent related to the students’ learning styles. The VARK learning style (visual, aural,
read/write and kinaesthetic) by Fleming [10] provides well analysis of the learning styles
and strategies to accommodate different students’ needs. Fleming found that 55–65% of
the populations are multimodal students possess with more than one learning styles. To
a certain extent, art and design students are mostly visual-oriented; humanity and social
science students are read/write oriented while the majority of technical and vocational
students are kinaesthetic oriented. Interestingly, in a study Ng and Lam [20] found that
VPET teachers remained skeptical about the suitability and effectiveness of e-Learning
and other forms of TEL. Their perception deeply rooted in VPET’s distinctive hands-on
practices, workshop drillings and on-the-job learning. VPET teachers asserted that e-
learning could easilywell-adopted in universities because of their theory and knowledge-
based teaching. Although studies by researchers in different academic disciplines [1,
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5, 6, 8, 11, 13, 14, 26, 29, 31–33] indicated that online learning benefits students’
learning in a range of areas; Hau [12] contended that most of the academic advanced
students preferred paper-based and book-based learning rather than e-learning. Hau
further asserted that the online learning effectiveness relied on the learning contents,
modes and forms of delivery as well as pedagogies. Nevertheless, the above indicated
that learning attributes, learning styles and learning preferences are closely related and
technologies seem to be the promising enablers to enhance and enrich learning and
teaching experiences to accommodate different learning needs and attributes.

3 Innovative Pedagogies and Technology Enhanced Learning
(TEL)

Schuck, Kearney andBurden [28] asserted that mobile technology created a ‘third space’
for learning in addition to the traditional ‘first space’ learning in school such as lectures,
tutorials, laboratory tests and the ‘second space’ out school field trips, site visits learning.
The third space that Schuck, Kearney&Burden proclaimed is online learning in different
spaces and locations, for example, in transportations during commuting, in café during
coffee breaks or just-in-time learning before classes, examinations or meetings etc. Ng
[19] further extended the above concept into a ‘fourth space’ enabled by technologies
to promote workplace learning, such as practicum, on-the-job training or as named in
Germany the ‘dual system’ to facilitate better blended-learning in VPET. VPET students
may attend online lectures, video conferences, tutorials or sharing of practices in differ-
ent workplaces other than school or home. Paired with online technologies, the flipped
classroom approach [2] opens up a variety of innovative pedagogies and interactive
learning activities, could it be online/offline videos, quizzes, assessments, discussion
forums, micro classes and massive open online courses (MOOC) on learning manage-
ment platforms or other more advanced learning resources such as virtual/augmented
reality (VAR), three dimensional gamification, quick time virtual tour or google earth
positioning system, just to name a few. TEL provides self-paced, self-led, just-in-time
learning as well as repeated viewing to consolidate knowledge, enrich and enhance
learning effectiveness.

A government funded TEL project and survey led by the three authors of this paper
revealed that successful TEL resources bear the factors of interesting contents, good
instructional design, up-to-dated technologies, buy-in from teachers and students and
most importantly,well suit the needs and appropriateness for learning.The survey accom-
panied with the project aimed to examine learning needs and teaching practices. 343 stu-
dents and 20 teachers from 3 VPET institutions participated in the survey to draw views
on introducing innovative pedagogical practices involving technology-mediated forms
of delivery. The questionnaire items for the 343 students addressed learning practices,
learning needs and preferences as well as learning support. The questionnaire items for
the 20 teachers related to teaching practices, teaching needs, preferences and teaching
support. As the questionnaires were paper-based and the surveys were conducted in
classes, the return rate is 100%. Findings of the survey revealed that TEL would be the
appropriate innovative pedagogical practices forVPET.Usingmedia and representations
(text, graphs, tables, audio, videos, animations and interactive dynamic visuals) would
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accommodate learning and teaching needs for students with different learning styles. It
also showed that new technologies enabled blended-learning and further enhance stu-
dents’ motivation and interaction. In addition, the survey also suggested that flexibility;
guidance, collaboration and training would be able to accommodate VPET students,
teachers and workplace mentors’ learning and teaching needs [18, 21, 22]. Although the
results shed directions and strategies on pedagogical practices for TEL and e-learning,
the application of them inVPET is still in question. Furthermore, howwould and possibly
TEL accommodate VPET students’ attributes for effective learning?

4 E-Learning Environment in Vocational and Professional
Education and Training (VPET)

The process ofwork in realworkplaces togetherwithVPET teachers’ real work hands-on
process are the essences of VPET [9]. Ng and Lam [20] found out that most of the VPET
training institutions’ teaching staff were reluctant to TEL because a majority of VPET’s
trainings were hands-on and conducted in workshops with specific facilities and settings.
VPET teachers also skeptical about the effectiveness of online learning particularly on
students’ efforts on self-regulated learning. Although Ng, Ng and Liu [23] claimed
that flexible and self-learning suits workplace learning and training well because it
enables flexible and timely learning without physical boundaries; they also realised that
technologies are constantly under rapid changes, development of TEL learning resources
must not solely rely on technologies but more attention shall be given on pedagogies
and instructional design.

5 Case Study

One of the authors of this paper led an institutional wide 2-year project in 2018 and
2019 to promote the implementation of TEL in VPET. The project deliverables included
mini-MOOCs for various trades/disciplines and a number of VAR assisted courses.With
an aim to enhance and enrich VPET students’ learning, TEL in VPET focuses on the
mastery of professional subject knowledge, practical and soft skills. With rich con-
tents, personalisation of learning, timely communications, interactive activities and all-
time accessibilities via multi-sensory e-learning resources; TEL aims to accommodate
VPET students’ attributes and learning styles. To develop and implement the e-learning
resources for effective learning and teaching, a blended-learning approach [25], integrat-
ing a combination of traditional learningwithweb-based learning activities was adopted.
The TEL activities also articulated Bloom’s digital taxonomy as devised by Churches
[7]. Online videos, documents and self-study resources were used to articulate ‘Remem-
bering’; online quizzes and assessment to address ‘Understanding’; online discussions
and forums to promote ‘Analysing’; online rating votes and appraisals for ‘Evaluating’
while online collaborations and projects accelerated ‘Creating’. After discreet discus-
sions and planning, the rule of thumb of converting the existing courses into e-learning
resources was ‘same course, same content with different delivery’. Using blend-learning
and flipped classroom approach, the face-to-face time was re-structured by incorporated
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more active learning, communication, collaboration and engagement activities. Peda-
gogically, TEL (VAR, gamification, live broadcasting etc.) and mobile devices and tools
such as smartphones, iPads, tablets and a range of EduTech Apps were used to motivate
and enhance engagement.

Lessons were divided into face-to-face (in-class) and out-of-class (pre/post-class)
activities. Applying the blended-learning approach and concept of flipped classroom
enabled by technologies, students are recommended to acquire prior knowledge from
online e-resources and finish the required readings, videos, tests, quizzes etc. uploaded
in the learning management platform as pre-class activities. During face-to-face in-class
sessions, students were engaged in collaborative group work for feedback from teacher
andpeers andmaster their hands-onpractices usingTEL tools such as classroomresponse
system, VAR on their devices to apply and consolidate their prior learnt knowledge.
Post-class extended learning such as revision, assessment on learning and management
platform or real-time discussions using social media were adopted to promote situated
learning and community of practice [15, 16] to build mutual trust, to construct and share
knowledge for reflective learning. The instruction design of the lessons aligned Bloom’s
digital taxonomywhere online self-study resourceswere used for ‘Remembering’; online
quizzes and assessment to address ‘Understanding’; in-class discussions, practices to
promote ‘Analysing’ and ‘Applying’; and in-class and online participation, reflection
and sharing were for ‘Evaluating’ and ‘Creating’. The e-resources and activities also tied
to Flemming’s VARK to accommodate VPET students’ attributes and learning styles.
Converting traditional passive teaching into active blended-learning and embeddingTEL
in the activities would able to motivate learning intentions and facilitate active peer
learning to suit the learning styles and needs of VPET students.

6 Findings and Discussions

Three VAR assisted courses were selected to collect feedback because when compared
with the video-basedmini-MOOC lectures, VAR’s kinaesthetic andmulti-sensory nature
were more well-aligned with VPET students’ attributes and learning preferences. Sur-
veys were conducted and questionnaires were sent to students after the piloting of the
three VAR assisted courses (Crime Scene Inspection (n = 25), 360 VR for Tour Guide
Training (n = 17) and Safety Awareness in Construction Workplaces (n = 18). The
survey results are shown in the following tables (Tables 1, 2 and 3).

Findings showed that in general, majority of the students agreed on the smooth
accessibility, user-friendly layout and interface, well-designed learning content and suc-
cessful outcomes after using the VR application for learning. With a consistency of
rating of 80% and above on the ‘agree’, students were pleased with the pilot-run classes
of Crime Scene Inspection and Safety Awareness in Construction Workplaces. Interest-
ingly, the lower percentages (from 40% and above) on ‘agree’ indicated that students
are less satisfied with the 360 VR for Tour Guide Training. As indicated by the results,
when comparing with the ratings of Crime Scene Inspection and Safety Awareness in
Construction Workplaces, students of Tour Guide Training were not keen on the VR
environment and training. The reason for the above might resulted from the nature of
the trade subjects and the accessibility of the sites. There was a mutual understanding
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Table 1. Crime scene inspection

Total number of students: 25 Total number of responses: 25 Survey return rate:100%

Questions Disagree Agree

Accessibility

1 I was able to gain authentic workplace experience in the VR environment (e.g. simulated tour) effectively 12% 88%

2 I was able to access the learning materials on the VR application (e.g. demonstration videos & graphics) easily 8% 92%

Layout and Interface

3 The navigation of the VR interface was user-friendly 16% 84%

Learning Content

4 The learning objectives were clearly stated in each VR activity (e.g. tour guiding procedures) 8% 92%

5 The learning materials and contents in VR-assisted lesson were well structured 8% 92%

6 The VR learning contents were effectively presented and explained clearly 8% 92%

7 The numbers of VR activities were enough 4% 96%

8 The VR learning activity was best for demonstrating practical skills 12% 88%

9 The VR learning activity was best for visualizing the concepts and theories 4% 96%

10 The VR learning activity was best for simulating the workplace environment 8% 92%

11 The VR activities presented the subject in an interesting way 8% 92%

12 The duration of the VR activities was suitable 12% 88%

Outcomes

13 My overall knowledge of this subject was enriched after engaged in the VR-assisted Learning 16% 84%

14 The VR-assisted Learning motivated me to learn 16% 84%

15 I was more engaged in learning with the VR-assisted Learning than the face-to-face classroom teaching. 8% 92%

16 The VR-assisted Learning aroused my learning interest 8% 92%

17 Overall, I had a good learning experience with the VR-assisted Learning 8% 92%

amongst students and teacher that crime scenes and construction sites were prohibited
to the public and had limited access to external parties unless permissions were granted.
The tourist sites in nature were accessible for public and students still wanted to experi-
ence the actual places in person so that they could interact with peers, teachers and other
tourists for hands-on-practices. A noteworthy point that the responses from a number
of questionnaire items in Safety Awareness in Construction Workplaces’ survey; item
2. I was able to access the learning materials on the VR application (e.g. demonstration
videos & graphics) easily; item 4. The learning objectives were clearly stated in each
VR activity (e.g. tour guiding procedures); item 7. The numbers of VR activities were
enough; item 8. The VR learning activity was best for demonstrating practical skills;
item 10. The VR learning activity was best for simulating the workplace environment;
item 12. The duration of the VR activities was suitable and item 17. Overall, I had a
good learning experience with the VR -assisted Learning were rated 100% ‘agree’. Out
of the three courses, the Safety Awareness in Construction Workplaces was an engi-
neering course and the trade skills were technical driven and students’ attributes were
kinaesthetic oriented and fell into Bloom’s psychomotor (action-based) domain, while
the other two courses in this study were more into humanistic and analytical thinking
(read/write) as in Bloom’s cognitive (knowledge based) domain (Table 4).

Qualitative feedback revealed that the VAR assisted courses were appropriate and
effective to motivate students, enhance knowledge, promote problem-solving and prac-
tical skills at their own learning pace. Feedback also reflected a certain extent of learning
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Table 2. 360 VR for tour guide training

Total number of students:17 Total number of responses: 17 Survey return rate:100%

Questions Disagree Agree

Accessibility

1 I was able to gain authentic workplace
experience in the VR environment (e.g.
simulated tour) effectively

24% 76%

2 I was able to access the learning materials
on the VR application (e.g. demonstration
videos & graphics) easily

24% 76%

Layout and Interface

3 The navigation of the VR interface was
user-friendly

24% 76%

Learning Content

4 The learning objectives were clearly
stated in each VR activity (e.g. tour
guiding procedures)

24% 76%

5 The learning materials and contents in
VR-assisted lesson were well structured

24% 76%

6 The VR learning contents were effectively
presented and explained clearly

18% 82%

7 The numbers of VR activities were
enough

47% 53%

8 The VR learning activity was best for
demonstrating practical skills

53% 47%

9 The VR learning activity was best for
visualizing the concepts and theories

47% 53%

10 The VR learning activity was best for
simulating the workplace environment

41% 59%

11 The VR activities presented the subject in
an interesting way

24% 76%

12 The duration of the VR activities was
suitable

41% 59%

Outcomes

13 My overall knowledge of this subject was
enriched after engaged in the VR-assisted
Learning

12% 88%

14 The VR-assisted Learning motivated me
to learn

47% 53%

(continued)
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Table 2. (continued)

Total number of students:17 Total number of responses: 17 Survey return rate:100%

Questions Disagree Agree

15 I was more engaged in learning with the
VR-assisted Learning than the face-to
–face classroom teaching

47% 53%

16 The VR-assisted Learning aroused my
learning interest

35% 65%

17 Overall, I had a good learning experience
with the VR-assisted Learning

35% 65%

efficiency. Students appreciated theVAR experiences enabled them a deeper understand-
ing of the locations, applied knowledge in the virtual environment and the revisited of
information and resources at home. Most students also found the user interfaces conve-
nient, the applications easy to use and control. They were delighted by the “authentic
videos and vivid cartoon” as well as “vocal narration and text navigation”. Further
comments revealed that better gadgets design would help. On lessons and activities
arrangements, students found clear instructions and guidance with interesting exercises
and activities. They also agreed that VAR activities added more interactivity in regu-
lar learning and teaching. Some students asserted that “VAR learning cannot substitute
face-to-face teaching” and further mentioned that blend-learning would be adopted on a
proportion of 2/3 classroom teaching and 1/3 VAR learning. Apparently, blended VAR
courses with kinaesthetic and multi-sensory learning activities seemed most appropri-
ate to cater to the learning needs and attributes of VPET’s students. It also echoes the
previous studies that Tang, J., Pang, W., Wong, P. et al. [30] and Lee, C., Lam, S.,
Liu, A. et al. [17] had conducted on using flexible learning in nursing education to
enhancement psychomotor skills. Interestingly, this study also found that VAR best fit-
ted the learning in the engineering course which also involved with a lot of psychomotor
skills. Nevertheless, VAR also benefited VPET students to improve their cognitive skills
as showed in the findings of the other two VPET courses in this study. In sum, the
blended-learning and flipped classroom approaches not only motivated and raised learn-
ing interests, enhanced subject knowledge and enriched learning experiences but also
provided all-time accessibilities for self-paced learning. The instruction design for the
learning and teaching activities in the VAR assisted courses in this study also articulated
Bloom’s digital taxonomy to facilitate ‘Remembering’, ‘Understanding’, ‘Analysing’,
‘Applying’, ‘Evaluating’ and ‘Creating’.
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Table 3. Safety awareness in construction workplaces

Total number of students: 22 Total number of responses: 18 Survey return rate: 82%

Questions Disagree Agree

Accessibility

1 I was able to gain authentic workplace
experience in the VR environment (e.g.
simulated tour) effectively

6% 94%

2 I was able to access the learning materials
on the VR application (e.g. demonstration
videos & graphics) easily

0% 100%

Layout and Interface

3 The navigation of the VR interface was
user-friendly

6% 94%

Learning Content

4 The learning objectives were clearly
stated in each VR activity (e.g. tour
guiding procedures)

0% 100%

5 The learning materials and contents in
VR-assisted lesson were well structured

6% 94%

6 The VR learning contents were effectively
presented and explained clearly

6% 94%

7 The numbers of VR activities were
enough

0% 100%

8 The VR learning activity was best for
demonstrating practical skills

0% 100%

9 The VR learning activity was best for
visualizing the concepts and theories

6% 94%

10 The VR learning activity was best for
simulating the workplace environment

0% 100%

11 The VR activities presented the subject in
an interesting way

6% 94%

12 The duration of the VR activities was
suitable

0% 100%

Outcomes

13 My overall knowledge of this subject was
enriched after engaged in the VR-assisted
Learning

6% 94%

14 The VR-assisted Learning motivated me
to learn

17% 83%

(continued)
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Table 3. (continued)

Total number of students: 22 Total number of responses: 18 Survey return rate: 82%

Questions Disagree Agree

15 I was more engaged in learning with the
VR-assisted Learning than the face-to
–face classroom teaching

11% 89%

16 The VR-assisted Learning aroused my
learning interest

6% 94%

17 Overall, I had a good learning experience
with the VR -assisted Learning

0% 100%

Table 4. Summary of qualitative feedback

1. Appropriateness and effectiveness

Raise my interest in learning, enhance my problem-solving capability, create an authentic learning environment to enrich my study
and enhance workplace etiquette

VR application provided more on-site information that enhanced my understanding in the site

VR and AR content are more vivid than the theories taught in the face-to-face classroom

Can navigate in the VR environment by myself and have more learning autonomy

It is like going to a real crime scene

Enhanced my safety awareness by identifying good and bad practices

2. Learning efficiency

Abundant information embedded in the applications and I could revise the information at home

Appreciated the VR and AR experience for they provided an authentic environment to apply knowledge

Have a deeper understanding of the locations of the sightseeing spots

The use of applications was more handy and free from the weather and physical constraints (e.g. go into forbidden scenes or being
blocked by the other tourists in the real location)

A clear illustration of the construction site components

3. User interface

VR applications are easy to control and convenient to use

AR application is easy to use as the whole building procedure is directly shown in the application

Good to have authentic videos and vivid cartoon in the AR application

Good to have vocal narration and text navigation

VR is more difficult to use as it needs to adjust the monitor size

A little bit difficult in controlling AR as the phone must be placed on the accurate spots to view the animation in the accurate place

4. Lessons and activities arrangement

Teacher’s guidance is sufficient and instruction is clear

Interesting, in-class exercise/activities

Sufficient time to explore/learn with the VAR applications

VAR Learning cannot substitute face-to-face teaching (Students can ask questions directly and the visions were more clear and
authentic when they visit the real locations)

Good to have some VAR activities to add more interactivity in regular learning and teaching

Suggest to have a mixed proportion of 2/3 classroom teaching and 1/3 VAR learning
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7 Implications and Conclusion

The shift of students’ characteristic, preferred learning styles and attributes provided a
chance for teachers to explore and think about how tomake use of technology to facilitate
students’ learning. Riding on the result and experience of this study, blended-learning
and TEL assisted courses in the future may extend to a “personalised, learner-centred,
situated, collaborative, ubiquitous and contextualmobile learning environment” [24, p.2]
to deepen students’ engagement and collaboration. The formation of ‘learning commu-
nity’ and ‘situated learning’ will accelerate the concept of “amplification of learning”
[29] enabled by the networked online learning environment. This type of “amplification
of learning” [15, 16] would be able to “deepen levels of students’ engagement and col-
laboration within the digital learning environment….to provide a coherent wholesome
learning experience” [4, p.1]. To conclude, this study addressed the possibility of using
TEL to accommodate VPET students’ attributes. Findings of this study also shed lights
on the importance of instructional design, innovative pedagogies, learning and teaching
strategies and approaches to enhance knowledge, soft and practical skill as well as to
enrich learning experiences. Most significantly, this study highlighted VPET students’
attributes, learning styles and preferences as salient points for future studies.
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Abstract. Using variables in regulating computing procedures is a key compe-
tence of structured programming. This tacit knowledge, which is highly repetitive
and transferrable between programming tasks, may be succinctly described as
the roles of variables. The role of a variable defines the pattern of the uses and
changes of variable for computing procedures. This notion is an effective peda-
gogical tool for providing feedback on how to fix faulty computing procedures
linked to misuse of variables. This paper proposes the automation of variable role
recognition and describes an evaluation study for a variable role classifier based
on deep neural network architectures. The classifier is designed to learn the vari-
able roles from execution-time traces of variables. Experimental results showed
the classification accuracy reached over 0.95. Other findings indicated that the
variable roles revealed diverse temporal characteristics in their execution-time
traces, and specifically designed deep learning architectures would be needed for
some individual roles. Automated variable role recognition will find applications
in intelligent tutoring systems and the feedback to programs will significantly
improve learning effectiveness.

Keywords: Programming · Novice programmers · Roles of variables ·Machine
learning · Deep learning

1 Introduction

Computer programming is the task of designing an executable program that uses, pro-
cesses and generates data for specific computational objectives. Mastery of computer
programming embroils the competency in a number of programming skills. One of
them is the use of variables in regulating computing procedures. Variables are basically
labelled data, and the standard operations on variables include initialization, updating
and referencing. A functional computing procedure involves thoughtful use of variables.
There are a number of use cases that are found commonly occurring in different comput-
ing procedures, and variables are playing a specialized role in each of these use cases.
The role of variable describes a characteristic pattern of variable operations that can be
observed from the changing referenced data (Sajaniemi 2002). For examples, a variable
playing the stepper role is critical for stopping a repeating procedure and it assumes a
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sequence of numbers until the stopping condition is reached, and a most-wanted holder
variable is needed for finding the largest value in the same procedure that traverses an
array.

The notion of roles of variable is significant in the development of programming
skills (Sajaniemi and Kuittinen 2005). A programmer familiar with the common use
cases of variables can write programs more instinctively. The ability in recognizing the
associated roles of variables for a computing procedure indicates competence. Expert
programmers can recall known usage patterns, which is more efficient and reliable, than
the cognitive effort in developing a new solution. Shi et al. (2018) found that in a tertiary
programming course, learning outcomes in basic C programming knowledge, program
comprehension, and program construction showed a significant improvement.

An error-free executable program would include variables playing all the roles that
it should have assigned for its computing procedures. Programming errors can occur
to anybody and especially novice programmers. Screening and recognizing the roles of
variables in a program can help deduce if errors are due to omission or misplace of one
or more variable roles. Variable roles are not explicitly labeled in the source program
code and an understanding of the execution-time actions is needed for their recognition.
Experienced programmers can usually recognize the roles of variables (Sajaniemi and
Navarro Prieto 2005), but the same is not true for novices who may need help for their
recognition.

1.1 The Aim and Structure of the Paper

This paper describes a study on automated recognition of the roles of variables.Avariable
role classifier based on a model of the execution-time characteristics of variables is to be
presented. The data-driven deep learning approach has been adopted to learn the model
from a sizeable set of execution-time traces of variables. The data-driven approach is
effective for discovering the implicit knowledge of variable roles.

An example application for the technique is generation of feedbackmessages for pro-
gramming exercises. The list of variable roles recognized in the model program answer
can be used as the canonical reference for the assessment of student work. In case of
programming errors due to misuse of variables, the feedback highlighting the omitted
or misplaced roles will be handy for making corrections. The discovery of redundant
variables will also be useful for improvement. The feedback may be provided during or
after programming exercises, and the former is a form of intelligent and synchronous
tutor. Online learning platforms are becoming popular for studying computer program-
ming. Automated recognition of variable roles can become a key enabling technique for
around-the-clock, scalable, cost-effective automatized instruction.

The remainder of the paper is structured as follows. Section 2 gives detailed back-
ground of the notion of roles of variables and discusses the technical issues and relevant
techniques for their recognition. Section 3 describes the deep neural networks that are
proposed for learning the execution-timemodels of variable roles. The experiment setup,
including the preparation of training and testing data, will also be outlined. The next
section describes the findings with regards to the training and the performance of the
models. The last section discusses the significance of the findings and proposes directions
for further research.
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2 Background

This section analyses the problem of recognition of variable roles and makes clear the
relevant technical issues that need to be resolved. The relevant technologies and research
work are discussed, with the objective to justify the adoption of the data-driven deep
learning approach.

2.1 Roles of Variables

In computer programming, variables are involved in definingdata operations in a comput-
ing procedure. The variables are labeled data that play a specific role for the procedure.
The role of a piece of data is the same role as the corresponding variable. Computer
programming textbooks have long used names such as counters and flags to typify vari-
able roles. Sajaniemi (2002) was the first attempt to formalize the notion and provided
definitions for a set of common roles relevant to fundamental programming. Recently,
Hosanee and Rana (2018) refined teaching with roles of variables using visualization,
and Shi et al. (2018) integrated the notion into an integrated development environment
with success. Demyanova (2013) applied the notion in software analysis. Some examples
of the common roles can be found in Table 1.

Table 1. Examples of variable roles and their descriptions extracted from Sajaniemi (2002).

Roles Descriptions

Constant A variable that does not change after initialized with a value

Stepper A variable successively takeing up a predictable sequence of values

One-way Flag A variable that switches from an initial value to another value and
remains unchanged

Gatherer A variable that accumulates the effect of some values

Most-recent Holder A variable holding the latest value in a sequence of relevant values

Most-wanted Holder A variable that holds the best or most desired value among a sequence of
relevant values

The descriptions for these roles are largely about value updates along the temporal
dimension. The way how variables are used is irrelevant (Sajaniemi and Navarro Prieto
2005). Figure 1 illustrates the roles of the variables for a procedure that finds the largest
value in an array.With the exception of the array variable that does not belong to anyof the
common roles, the three roles, namely Stepper, Most-wanted holder and Constant, are
critical for this computing procedure. The example uses the C programming language,
but the roles are also relevant in structured and object-oriented languages.

The temporal characteristics of the variables with respect to their roles can be illus-
trated through tracing their value changes at execution-time. A simple tracing model,
called single trace, samples its values when a variable is updated. Figure 2 shows the
single traces of two stepper variables with a distinctive increasing trend. The length of
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Fig. 1. Variables and their roles in a computing procedure that finds the largest value in an array
of fixed length. Statements A and B contains variable update operations.

the tracing can be different because each time-step represents an update operation of a
variable. Note that the two variables appear to have the same temporal characteristic,
but their roles are actually different. The single traces may have limited differentiation
capacity.

array[index] 5 5 3 6 6 7 7 2 1 5 4 ?
index 0 0 1 2 2 3 3 4 5 6 7 8
highest ? 5 5 5 6 6 7 7 7 7 7 7
len 8 8 8 8 8 8 8 8 8 8 8 8

highest ? 5 6 7
Time

Time

Set Trace

index 0 1 2 3 4 5 6 7 8
Time

Single Traces

Fig. 2. Two types of traces of variable values shown are sampled at the time of variable updates.
The single trace (top) is a sampling of the variable indexwhen it changes value in the program in
Fig. 1. The single trace (middle) is for the variable highest. The set trace (bottom) is a sampling
of all 4 variables when any one of them was updated. The shadow boxes indicate the updated
variables for that time-step.

The context, such as the values of other variables, is significant for defining the role
of a variable. Two or more variables may be working collaboratively in a computing
procedure. Characteristic patterns may only be revealed if the variables are examined
together. Another tracing model, called the set trace, samples the values of the whole
set of variables when one of them is updated. Figure 2 also shows the set trace of the
four variables in the program in Fig. 1. This tracing allows the revelation of a pattern
involving three variables, that highest obtained the value from array[index] in
between the updates of index. The set trace contains significantly richer information
than variable trace with respect to the recognition of variable roles.

The notion is concerned with deep structure of programs and yet experienced pro-
grammers can recognize these roles (Sajaniemi and Navarro Prieto 2005). A study into
the acceptability of the notion and the recognition of individual roles found that computer
science educators could agree between them 90 percent of role assignment in sample
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programs (Ben-Ari and Sajaniemi 2004). The novice teachers also performed at a similar
level. The subjects achieved this remarkable correlation level after just a short tutorial
and training session. The roles are intuitive, and the associated tacit knowledge is shared
by experienced programmers.

2.2 Recognition of the Roles of Variables

Computer recognition of the roles of variables is a specialized and less-studied research
area in automated program comprehension. It is artificial intelligence that is capable of
understanding computer programs like experienced programmers. In addition to teaching
and learning of programming, automated program comprehension is also useful for
recovery of system design, program repairs (Gupta et al. 2017), and program synthesis
(Kant 2018). A critical process in automated program comprehension is the extraction of
features that represent the knowledge of a program. There are threemajor ways to extract
program features, including input-response analysis, syntax and structural analysis, and
execution-time analysis.

Finding an effective set of features for role recognition is challenging. One approach
is to exploit expertise of programmers. Bishop and Johnson (2005) identified 21 features
of dynamic properties of variable and built a role recognizer called RoleChecker using
hand-crafted rules constructed from the features. The features were extracted with a
quasi-interpreter called the data flow analysis. A limitation of feature engineering is that
feature set selection is still amatter of opinion. Gerdt and Sajaniemi (2006) usedmachine
learning techniques to identify the required, tolerated, and non-tolerated features. The
initial feature set may still omit some key features and potentially reduce the recognition
accuracy.

Recently advances in deep learning technologies had revived interest in automated
program comprehension. A deep learning neural network is capable of learning the fea-
tures inherent in the data. This automated feature engineering can therefore circumvent
the limitation of feature engineering. A variety of deep learning architectures, most
of them based on variations and combinations of Recurrent Neural Networks (RNN)
and Convolutional Neural Networks (CNN) have been proposed. The RNN and CNN
are capable of building a spatial-temporal model of a sequential representation of the
execution-time of programs. To the best knowledge of the authors, two architectures rel-
evant to building dynamic models for variables were found in the literature. Devlin et al.
(2017) uses a sequence-to-sequence architecture, which is based on multiple RNNs, to
learn location patterns of variable use for program error localization. The most relevant
work is Wang et al. (2017), that uses another multi-RNN based architecture to learn a
spatial-temporal model of multiple variables from execution-time traces of variables.

2.3 Deep Learning Technologies for Variable Role Recognition

Large samples of publicly downloadable source code are available at large-scale repos-
itories and online programming practice platforms. The abundance of data has made
automated feature engineering an attractive option. The work by Wang et al. (2017)
developed a program embedding, a spatial-temporal model of execution-time traces of
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variables, that was plugged into a downstream application of program repair. Such pro-
gram embeddings are built for modularity and can be used for classification and other
applications. The next section will delineate the use of deep neural networks for variable
role recognition.

3 Method

The study on automated recognition of the roles of variables involved three major parts,
namely data preparation, experimental platform setup, and deep learning network design.
The premise of our recognition method is the pattern of variable and state traces in
executable programs. An adequately large sample of such traces is needed for a deep
network to learn the inherent features. A collection of fundamental level programs was
used for the generation of the traces and the manual annotation of ground-truth variable
roles.

The variable role recognition task was formulated as a classification problem. The
number of classes equals to the number of variable roles to be recognized. A classifier is
trained based on a model built to capture the features of variable and state traces of vari-
ables. A number of formulations for building the model were developed and evaluated.
Computer programs for data preparation and the implementation of the temporal model
formulations were used in the setup of an experimental platform. Figure 3 summaries
the setup of the experimental platform and the design of the classifier for variable role
recognition.

Fig. 3. The setup of the experimental platformused in the study is shownon the left. The procedure
of the variable role classifier is illustrated on the right.

3.1 Formulations of Temporal Model for Variable Roles

Recall that traces of variables were presumed to contain features significant for variable
role recognition. The purpose of the temporal model for variable role is to learn such
features. A total of six formulations andmodels were evaluated. Each of the formulations
represents a particular perspective of the temporal characteristics of variable traces and
their interactions. Figure 4 describes the designs of the six deep learning models. The
key features are discussed in the following paragraphs.

• Classification. A fully connected neural network (i.e. FC) that produces a probability
distribution for the variable roles with a component called the softmax layer.
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Fig. 4. The six formulations for feature learning associatedwith variable roles that were evaluated
in this study. Var X is the variable annotated with a variable role. Var A and Var B represent the
context variables for the annotated variable in the same program.

• Single tracing and set tracing. Each variable is considered as independent in a single
trace which does not record any interaction between variables. Single traces of vari-
ables used as the input for the Single Trace Model. Set traces should better capture
the interactions between variables that are significant for role recognition, and they
are the input for SetTrace-1 to SetTrace-5.

• Temporal modelling. The traces have a temporal dimension. All models use a RNN
which is a neural network type for learning temporal patterns.

• Interaction between the annotated variable and the context. The context, which
includes the temporal patterns of other variables, is known to be significant for defining
the role of a variable. SetTrace-1 attempts to learn a combined model from state traces
of the annotated variable and the context variables together. SetTrace-2 to SetTrace-5
attempt to learn a joint model of two sub-models, consisting of a temporal model of
the annotated variable and a combined temporal model of the context variables.

• Feature Selection. The training of the classifier (i.e. the final FC components in the
procedures) is easier if only the most relevant features are used. SetTrace-3 uses
two FC components to select features from the output of the RNN. SetTrace-4 and
SetTrace-5 add another FC component to select features between the sub-models for
the annotated variable and the context variables.

• Input Regularization. The input traces may include noises, such as the magnitude of
values, which are irrelevant to role recognition. SetTrace-5 uses FC components for
the regularization and noise removal of each input parameter.
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3.2 Preparation of Training and Testing Data

To prepare ground-truth annotated data for training the deep models and the classifier,
a set of 110 C programs was selected from the same dataset used in Mou et al. (2016).
The dataset came from a pedagogical programming open judge (OJ) system, which
included 500 solution programs from 104 problems. The variable and state traces had
to be extracting from executing those 110 C programs.

The extraction was facilitated by turning the C programs into C++ programs with
two major changes. First, the variables to be traced were manually annotated with a user
defined class called Intercept with which the role could be specified. A state trace could
be made using another class called StateIntercept. Second, the assignment operators
that update variables were overloaded so that their values could be logged at execution-
time. The traces were written to JSON files and then packed into a Python NPZ file. An
example of program annotation is shown in Fig. 5.

Fig. 5. An annotated source program that had the variables turned into Intercept objects.

4 Results

Experiments were carried out to evaluate the deep learning approach to variable role
recognition and to gain understanding of effective formulations of the deep learning
architectures. The dataset consists of 8907 cases and it was split into a training set, a
testing set, and a validation set in a 64%, 20%, and 16% respectively. The training set
was used for training the deep learning models, the validation set was used for tuning the
parameters during training and the testing set was used for evaluating the performance
of model with unseen cases.

Table 2 shows the distribution of the variable roles that the dataset was annotated
with. The One-way Flag and the Constant roles were combined into a class for the
experiment because it was found at the early stage that these two roles could not be
differentiated due to the method of data collection. This issue will be discussed later.
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Table 2. Distribution of variable roles in the annotated dataset.

Roles Stepper Gatherer One-way Flag & Constant Most-Recent Holder

Frequency 2655 2502 2700 1050

4.1 Performance of the Single Trace Model

In this experiment, the Stepper,Gatherer andOne-way Flag& Constant were extracted
from the dataset for training and evaluating the model. Table 3 shows the performance of
the Single Tracemodel using three metrics, precision, recall, and f1-score, for evaluating
the classifier’s quality. Due to the random nature of model training, the figures shown
are the averaged results of three runs of the experiment. A score of 1.00 for the metrics
indicate a perfect performance. The trained model was found to be very accurate in
recognizing the three roles.

Table 3. Performance of the Single Trace Model.

Model Training Validation Testing

Precision Recall F1
score

Precision Recall F1
score

Precision Recall F1
score

SingleTrace 0.964 0.964 0.964 0.953 0.953 0.953 0.959 0.959 0.959

The Most-Recent Holder cases were omitted in the experiment because the model
was found incapable of differentiate this role from the rest. Set variable traces would
provide the knowledge for the training of the deep models.

4.2 Performance of the Set Trace Models

In this experiment, the whole dataset was used for training and evaluating the fivemodels
with set traces as the input form. Table 4 shows the performance of the five Set Trace
models. SetTrace-2 was found to have the best performance with the training set, that
is, seen cases. SetTrace-5, was found to perform best with the unseen testing set, which
means it should have a better generalization capability.

Other major findings are listed below:

• Temporal modelling of the annotated variable should be separated from temporal
modelling of the context variables. The temporal pattern of the annotated variable
should be independently learned before its interaction with other variables as demon-
strated by the superior performance ofSetTrace-2 toSetTrace-5 overSetTrace-1, which
attempted to build a combined set trace temporal model for all variables.

• Feature selection was found to be best placed after the concatenation of the sepa-
rately trained temporal models for the annotated variable and the context variables as
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Table 4. Performance comparison of the Set Trace Models.

Models Training Validation Testing

Precision Recall F1
score

Precision Recall F1
score

Precision Recall F1
score

SetTrace-1 0.812 0.803 0.807 0.799 0.790 0.795 0.800 0.789 0.794

SetTrace-2 0.984 0.965 0.975 0.955 0.950 0.953 0.956 0.945 0.951

SetTrace-3 0.925 0.903 0.914 0.902 0.875 0.888 0.905 0.881 0.893

SetTrace-4 0.977 0.965 0.971 0.956 0.938 0.947 0.958 0.939 0.948

SetTrace-5 0.964 0.942 0.953 0.969 0.944 0.956 0.971 0.949 0.960

demonstrated by the improved performance of SetTrace-4 and SetTrace-5 over Set-
Trace-3. The feature selector has access to all the learned features from the annotated
variable’s trace and the context variable’s traces at that stage.

• Input regularization was found to improve the prediction accuracy as shown in the
improved performance of SetTrace-5 over SetTrace-4. The regularization enabled
SetTrace-5 to better see through the variations and noises of the input variable traces
and adapt to unseen input.

4.3 Recognition of the Variable Roles

Some variable roles are harder to be recognized than others. Figure 6 shows the confusion
matrices for SetTrace-1 and SetTrace-5. The recognition of theOne-way flag role looked
easier as even the relatively poor SetTrace-1 did well. The accuracy of recognizing the
Gatherer role was found to be lowest even for SetTrace-5.

Fig. 6. The confusion matrix of SetTrace-1 (left) and SetTrace-5 (right) respectively. The x-axis
indicates the predicted classes and the y-axis represents the ground-truth classes.
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4.4 Model Training

The training of deep learning models is often tricky due to various issues such as over-
fitting and learning rate. Hyperparameter tuning had been carried out before the exper-
iments to achieve model convergence and reasonable generation power. Figure 7 illus-
trates the insights of the training process for SetTrace-5 through visualization of the
loss function (i.e. error rate) and the accuracy against number of training iterations (i.e.
epochs). At the end of training, both the loss function and the accuracy approached a
steady level of low error rate.

Fig. 7. The loss function and the model accuracy against the number of epochs in the training
process. The blue curve represents the training set and the orange curve is the validation set.

Another training issue is the length of input variable traces. The characteristics of
a variable may only be revealed in a longer trace for non-trivial programs. Long traces
may overuse computer memory during training. A maximum length of 300 was found
to balance the need for effective feature learning and the memory size limitation.

5 Discussion and Conclusion

A method for the recognition of variable roles in executable programs was developed
and evaluated in an experimental study. The background, method and findings of the
study have been described in the paper. The significance of the findings is to be described
below.

The accurate prediction results showed that the role of a variable can be learned from
execution-time variable traces. The set variable traces are superior to the single variable
traces in manifesting the roles that involve interactions between two or more variables.
RNN was found capable in learning the temporal features in the variable traces.

An interesting finding was that building two sub-models separately for the annotated
variable and the context variables gave better performance. One probable explanation is
that temporal sub-model for the annotated variable is basically the SingleTrace model,
which was found capable of learning several variable roles. The traces of the context
variables contain knowledge relevant to other roles. A suggestion for future work is to
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build several sub-models for capturing various facets of variable interactions and then
to construct a classifier based on a concatenation of the sub-models.

A limitation of this study is the exclusion of some standard variable roles. In the 6
remaining variable roles proposed by Sajaniemi (2002), 3 of them, namely the Most-
wanted holder, the Follower, and the Temporary roles, should be capably handled by
the current method. The other three, theOrganizer, the Container, and theWalker roles,
must be acted by or with a data structure. A data structure can contain multiple value
and the input shape does not fit the current architecture. A specialized input regulation
may be a promising approach to resolve the problem.

The proposed method has characterized variable roles as execution-time patterns,
and this is operationalized as variable traces. Obtaining variable traces can be tricky as
it depends on the provision of the programming languages and the limitation of logging
the update of variables. The technique developed for this study, for example, cannot
capture the value before the first proper assignment statement for a variable. Variables
of the One-way Flag role and the Constant role were found to produce the same type of
traces. The two roles were therefore combined into a class in the study.

Automated recognition of variable roles can be an integral component of an intelli-
gent tutor for computer programming. It can support asynchronous feedback for fixing
errors in an online programming exercise as well as interactive advisement of variable
use during the development of a programming solution. It must be stressed that the role
of variables notion is an effective but a time-consuming pedagogy. Reviewing the vari-
ables manually is not trivial. In the classrooms, a teacher rarely has the time to review
too many programs on the fly. An automated recognizer will make the pedagogy more
practical in both classroom and online settings.
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