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Preface

This edited volume consists of the extended papers selected from the Sth 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®™, 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-STEAM isalocalized transdisciplinary education in Chinese 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-STEAM plays 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.
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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, as well
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 6C model was formed by combining three models (Zhan et al. 2020): (1) Interdis-
ciplinary learning activity SEX 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-STEAM model 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.

N W YN

Context # Connotation # Characteristic => Create # Connect => Conclusion

Setup Construction Inquiry Artifact with Society Reflection
I___L__[ l____l___‘l l____l___'1 l___l__'| ____l____ I___l___l
, Establish I BasicReading I 1 ¢ oiciver ! 1 pasion ! Public Benefit ! | _Process
| Situation | I Cultural Visting 1 1 2% oot Yoo Thinkg?n | Activities : | Evaluation |
} Form 1 I Connotation | | Experiment ! | Hands-ogn | \ Exchange and H | Summative |
| Group I : Understanding : : P : : : | Share | I Evaluation 1
______ El —_— . ———— _—— . ———— _—————— _— . ———— T |

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 (CI). Tt 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 and masters. Finally, they need to screen and analyze the collected date
the authentic cultural characteristics of Cantonese slang were 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). Itallows 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 item TS and item T8 have a significant difference. The data



8 L. Huo et al.

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
when designing calendar, and spend more 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) STEAM Thinking. The means of post-test of each item is higher than that of the pre-
test. The average value of the post test data of item T11 “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) STEAM Attitude. The post-test mean of items T13 to T15 is higher than that of pre-
test, and the mean difference of item T13 “T 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
arecovery 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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T1: Accurate identification of problem requirements e A A e

T2: Collect and sort out information around the problem e A A e
T3: Select methods and skills appropriately [FL22S 2292 IAIELI22I0LIELEIESELE 22242 SAE NN
T4: Integrate and apply knowledge to design solutions ]
T5: Use tool technology to make works e e )
T6: Explain the data information collected (LLLLLLLALLLLLLLLLL AL
T7: Communicate and cooperate with team members e e e e e el
T8: Summarize the experience and reflect on the learning process i tbtbttt——
T9: Synthesize disciplinary knowledge to solve problems (P22 TITIIIIIIIIDIIIIIIIIIIIIIII VIS 2 Y7 7 A,
T10: Use the way of scientific thinking to guide behavior S el ey
T11: Consider the influence of factors on the problem e A A e e |
T12: Use procedures or steps to solve R R A
T13: Be interested in STEAM discipline knowledge (22922322 ITAEAI AN TSR IR NS IS DI T A4
T14: Be aware of the impact of STEAM discipline e
T15: Use multidisciplinary knowledge to solve problems e A A e

] 05 1 15 2 25 3 35 a a5 5

% pre-test M post-test

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).

T1: Can speak Cantonese

T2: Know Cantonese slang and its meanings

T3: Know the historical origin and development vein

T4: Know the cultural connotation of Cantonese slang

TS: Know the cultural characteristics of Cantonese slang

T6: Love Cantonese slang

T7: Willing to use Cantonese slang in daily life

T8: Identify with the values of Cantonese slang

T9: It makes you proud to hear people talking about Cantonese slang culture

T10: Think that Cantonese slang is the treasure of Chinese traditional culture

T11: Will take the initiative to understand Cantonese slang culture

T12:Practice the values of Cantonese slang culture

T13: Can promote Cantonese slang culture and values

T14: Willing to learn Cantonese slang related knowledge

T15: Willing to participate in activities to protect and promote Cantonese slang culture

o 1 2 3 s s

% pre-test M post-test

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),
TS5 (Iknow the cultural features of Cantonese 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 T3, 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
in my daily life), item T15 (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).

T1: Understand the knowledge of Cantonese slang I
T2: Exercise the ability of collecting and collating I

T3: Exercise the ability of program making )
T4: Exercise the ability of design and drawing e |
T5: Exercise the ability of Hands-on |

T6: Exercise the ability of learning and reflecting ———
T7: Exercise the ability of Team Collaboration  ——
4 405 41 415 42 425 43 435

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
improved which proves that C-STEAM education 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 integrated Cantonese 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
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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
learning model is multilevel 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



The Experiential Learning Unit for Promoting Students’ Understanding 15

vapor pressure such as atomic structure, chemical bonding, molecular forces, and state
of matter. 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 interview were used to collect data to see students”
conceptual understanding of vapor pressure and related concepts.

Pre-Conceptual Student’s '
Test ' Handout

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
partis 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



16 S. Mahardthai et al.

(2) Above the level of

o (1) The level of distilled
distilled water

water in test tube

(3) The level of
coconut oil in the S-

shape tube

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.

Some explanations
are written down here
by students

\

‘.‘.‘c‘o‘-‘

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 @yehaug 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 | 0

related concepts do not express in the

task
1 Specific alternative concept Answers that present the incorrect 2

explanation in the chemistry context or
show the wrong technical terms in the

task
2 Partial understanding with specific Answers that present some relevant 10
alternative concept independent aspects of the concept, but

some incorrect ideas and wrong
technical terms are presented in the task

3 Partial understanding Answers that present correctly some 4
relevant independent aspects of the
concept using the correct technical
terms in the task

4 Sound understanding Answers that present the collaborated | 0
relevant independent aspects and
complete ideas correctly of the concept
using the correct technical terms in the
task

Table 1 displays the number of students who were assessed the understanding of 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 understanding with 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 0il,
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 created model. Therefore, molecular visualization is an efficient way 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 color manipulatives 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
Matriculation of English Test (hereafter, NMET). Second, reading authentic English 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 keep many points in mind while 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 (L.1) 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 from written 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., natra-
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 of NMET 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 tools Wordsmith 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 included Coh-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-
ated with 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 O 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 35 measures 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 3K word families
was higher than 95%, indicating that a large number of words used in the reading texts of
the NMET were high-frequency words and the texts would 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 and NMET preparation. 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 word meanings
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 (Al) 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 year! 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,

Iy Hong Kong, “academic year” means the period from the first day of September to the last
day of August in next year.

© Springer Nature Singapore Pte Ltd. 2020
L.-K. Lee et al. (Eds.): ICTE 2020, CCIS 1302, pp. 3545, 2020.
https://doi.org/10.1007/978-981-33-4594-2_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4594-2_4&domain=pdf
https://doi.org/10.1007/978-981-33-4594-2_4

36 C. Kwok et al.

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 need more 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 are many web-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, Al tech-
niques can be applied to the game. Pannu (2015) explored the standard Al 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, Al algorithm will be explored, but the Al 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 Al 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 Inc? 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/
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Baldeon 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 children who 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 player meets a monster, an arithmetic question will 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 attack mode 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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Question : 3
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Fig. 1. An arithmetic question is prompted when the player (player) meets the monster (NPC).
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Fig. 2. The attack mode with a complicated question in defeating the stage boss.
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Fig. 3. The player stamina is recovered by heal mode.
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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 keyboard may not be suitable because there is no external keyboard installed
on amobile device. Moreover, the virtual keyboard in the mobile 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, y,) is the current coordinate of the player,
and (xc, y.) is the coordinate that the player clicked on the arena. By applying the arc
tangent to find out the theta (8) from the division result of absolute axis differences
which is the angle of the player should be turned like a track. The 6 is calculated until
the player reaches the clicked coordinate.

o — ran—t [ P2l (1)
|xp _x0|

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 Al 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.

Player is in sight Y

Hit the player

Player is out of sight

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 (x,, y,) and monster with (x., y.).

d = \/(xp - XC)Z + (o — YC)Z 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 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



42 C. Kwok et al.

distance <= 0

Convert to
resource

Correct
answering?,

Answer mental
arithmetic question

distance >= 210

Stamina of PC
deducted

0 < distance < 210

Enemy escape

enemies > 2 Generate the

moving direction

umber of enemies’
in chasing PC

enemies <=2

Stamina Stamina
<= 40% > 40%

Moving Moving Reflect to other
speed = 0.6 speed = 1.1 side
Move with
generated direction

Fig. 6. The logic of monster movements.
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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 then mixed up with 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
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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 to motivate 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 Al 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 is widely 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 and Turner 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 education would 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. tourism planning and management, 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 platform may 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) is most 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, o = 0.857), (2) “Course content” (8 items,
a = 0.925), (3) “Feedback” (4 items, o = 0.938) and (4) “Course schedule” (3 items, o
= 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 BRT model,
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 from BRT predictions. The mean 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 feedback most in online courses. They
hope to build a personal connection with 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

. Online course materials are provided in

multiple formats/platforms

742

. I can access the materials according to

my time schedule

572

. Teachers encourage active and

collaborative work

575

. Teachers incorporate games into the

online courses

.533

. There are guest speakers in my online

courses

721

. Teachers use multimedia in the course

material

.583

. Teachers arrange several breaks during

an online class

.673

. Teachers arrange classes around the

course outlines

721

. 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

. 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

121

18.

Students have small group discussions
during the online courses

197

(continued)



Evaluating Online Tourism Education Quality 53

Table 1. (continued)

1 interaction | 2 content | 3 feedback | 4 schedule

19. Teachers provide extensive and timely 578

feedback
20. Students have test/assignment/exercises 525

during the online courses
21. Students are required to do online .602

diaries or reflective journals
Eigenvalue 4419 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. Rotation converged in 7 iterations.

8 T T T T T T

Actual
—=e— Predicted

Learning experience satisfaction

1 1 1 1 1 1 | N1

0 20 40 60 80 100 120 140
Training Data point

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



54 X. Duan et al.

Table 2. Importance of instructional strategies from the perspective of students

Feedback 64.2% .
Course content E
Course schedule E
Interaction E

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Predictor Importance

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’ confidence when they get positive feedback from
the instructor (Badami et al. 2011; Lee 1997) and stimulates intrinsic learning motivation
(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 an online environment. Furthermore, Badamietal. (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 Mossenlechner (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 are what 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



56 X. Duan et al.

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, itis 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-
ally moved 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 -
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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 and practitioners have been concerned with? 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 wide multidisciplinary 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 they met 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.

Number of studies

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
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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.

Other studies

4 . .
6% / Theoretical studies

/_ 10
14%

Empirical studies

13 _\
18%

Technical studies

/- 26
Studies on users 18 37%
25%

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.

The MLT was proposed by Mayer (2001). According to the MLT, 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 reading materials, 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 and Tatsukawa 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
low efficiency 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
II1 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 of multiple 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 a Chemistry 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 and Mayer 2017). Furthermore, Yang and Lin (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
anumber of empirical studies in the past two decades. Researches have shown that com-
pared with 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-taking were 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 has many advantages compared with 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
notes more 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 develop more advanced digital devices with more 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 Speech Recognition (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 and Munro 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
are many pronunciation problems like substitution, addition, deletion, mispronunciation,
error in words or lexical chunks and word 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 intelligent ASR-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 and AbuSeileek
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
etal. 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 can make 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 individual work, pair work, or group work,
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 the majority 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 ASR was 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-
day ASR-supported reading aloud training. 50 of them were 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 |25 |12.53 |1.65004 | —11.568 |.000
group
High-proficient |25 |16.44 | .36105
group
p* < 0.05

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

N ‘M SD t p (2-tailed)
Low-proficient |25 |56.55 |15.71978 |—7.820 |.000
group
High-proficient |25 |91.50 |15.88134
group
p* < 0.05

3.3 Instruments

1. Materials: Texts from New Concept English 2.

2. ASR-based application: Oral English Drill & Test app. Itis 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 comparing with 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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The plane was late and detectives were
waiting at the airport all moming. They
were expecting a valuable parcel of
diamonds from South Africa. A few hours
earlier, someone had told the police that
thieves would try to steal the diamonds.
When the plane arrived, some of the
detectives were waiting inside the main
building while others were waiting on the
airfield. Two men took the parcel off the
plane and carried it into the Customs
House. While two detectives were keeping
guard at the door, two others opened the
parcel. To their surprise, the precious
parcel was full of stones and sand!
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waiting at the airport all morning.

deff SivEir

The plane was late and detectives were
waiting at the airport all morning : he young men ssid rodely. Th

L

« O «O)» <O

Fig. 1. Screenshot of the main function in Oral English Drill & Test
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4. Questionnaire: It is adapted from Hsu (2015), including 13 multiple-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 required participants to finish 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, participants wrote down those
words and sentences they cannot pronounce well and reviewed them regularly. Lastly,
participants uploaded their recordings and screenshot of practicing in Oral 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 and Zeng
2015)

Error types Definition Example

Phonemic error Vowel or consonant is mispronounced. cub spoken as [kob]; very
spoken as ['wert]

Addition error Add sounds that are not in the correct ten spoken as tens; spread
pronunciation. 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 she spoken as he
word;

(2) The pronunciation of a word cannot be
recognized.

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.



An Empirical Study of the Effect of ASR 81

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. The mean scores of each statement
in both groups were 3.8 scores above. These results showed that learners had a positive
perception of ASR-supported reading aloud practices, regardless of language proficiency.

Table 7. Independent-samples t test of Questionnaire

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



84 Y. Yuan and X. Liu

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 [a] 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 the ASR-
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 speech makes 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 experiment with Chinese senior high
students by using ASR-based app Oral English Drill & 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-Gonzalez (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 can make full use of the ASR 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 [I]. 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 and develop efforts in CAPT [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., /t/ 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 and weights 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 a metric (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), (D)

where d(-) is a distance function and margin 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 TNNSs 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, f) represent the power of the
signal at frequency f and time . 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 Adam Optimization 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 to map 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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Signal sample of a phoneme /b/ displayed in time domain
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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],in which a signal is first divided into small overlapping



94 V. C.-W. Cheng et al.

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/. 1t 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 padded with zeros to 2 s. length. The window size
for computing spectrograms is 100 ms with step size of 40 ms. Hence, the spectrogram
will have size 64 x 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



Improving English Phoneme Pronunciation with Automatic Speech Recognition 97

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/./bl /e, kI ./t Ipl,/qu//schwal /w/

sshfth2 /sl,/sh/ /t/,/TH/
rerlor [l Jer/ [/ Jor/
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.

t-SNE visualization of test data
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Fig. 6. 2-D overview of the distribution of the 23 phoneme labels
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