
Simon K. S. Cheung · Richard Li · 
Kongkiti Phusavat · Naraphorn Paoprasert · 
Lam-For Kwok (Eds.)

LN
CS

 1
22

18

13th International Conference, ICBL 2020
Bangkok, Thailand, August 24–27, 2020
Proceedings

Blended Learning
Education in a Smart 
Learning Environment



Lecture Notes in Computer Science 12218

Founding Editors

Gerhard Goos
Karlsruhe Institute of Technology, Karlsruhe, Germany

Juris Hartmanis
Cornell University, Ithaca, NY, USA

Editorial Board Members

Elisa Bertino
Purdue University, West Lafayette, IN, USA

Wen Gao
Peking University, Beijing, China

Bernhard Steffen
TU Dortmund University, Dortmund, Germany

Gerhard Woeginger
RWTH Aachen, Aachen, Germany

Moti Yung
Columbia University, New York, NY, USA

https://orcid.org/0000-0001-9619-1558
https://orcid.org/0000-0001-8816-2693


More information about this series at http://www.springer.com/series/7407

http://www.springer.com/series/7407


Simon K. S. Cheung • Richard Li •

Kongkiti Phusavat • Naraphorn Paoprasert •

Lam-For Kwok (Eds.)

Blended Learning
Education in a Smart
Learning Environment

13th International Conference, ICBL 2020
Bangkok, Thailand, August 24–27, 2020
Proceedings

123



Editors
Simon K. S. Cheung
The Open University of Hong Kong
Hong Kong, China

Richard Li
University of Canterbury
Christchurch, New Zealand

Kongkiti Phusavat
Kasetsart University
Bangkok, Thailand

Naraphorn Paoprasert
Kasetsart University
Bangkok, Thailand

Lam-For Kwok
City University of Hong Kong
Kowloon, Hong Kong

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science
ISBN 978-3-030-51967-4 ISBN 978-3-030-51968-1 (eBook)
https://doi.org/10.1007/978-3-030-51968-1

LNCS Sublibrary: SL1 – Theoretical Computer Science and General Issues

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, expressed or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-51968-1


Preface

Welcome to the proceedings of the 13th International Conference on Blended Learning
(ICBL 2020). This year, ICBL 2020 was held at the Kasetsart University in Bangkok,
Thailand, during August 24–27, 2020.

Blended learning is one of the promising approaches to teaching and learning. It
integrates traditional learning with innovative means to create a new learning envi-
ronment conducive to effective learning. Like the previous conferences in the series,
ICBL 2020 provides a platform for knowledge exchange and experience sharing
among researchers and practitioners in this field.

The theme of ICBL 2020 was “Education in a Smart Learning Environment.” Our
focus was on innovative educational practices of blended learning that creates a new
and smart learning environment for effective learning. Such a smart learning envi-
ronment is able to support a wide range of teaching and learning activities in different
subject areas at different levels. ICBL 2020 attracted a total of 70 paper submissions.
After a rigorous review process, 33 papers were selected for inclusion in this volume.
The selected papers cover various areas in blended learning, including adaptive
learning, content and instructional design, smart learning environment, enriched and
smart learning experience, and institutional policies and strategies.

We would like to take this opportunity to thank the following parties who made the
conference a success: (a) the conference Organizing Committee; (b) the International
Program Committee; (c) the conference organizers and co-organizer; (d) the conference
sponsors; and (e) all the conference participants.

We trust you will enjoy reading the papers.

August 2020 Simon K. S. Cheung
Richard Li

Kongkiti Phusavat
Naraphorn Paoprasert

Lam-For Kwok
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AMultimodal Human-Computer Interaction
System and Its Application in Smart Learning

Environments

Jiyou Jia(B), Yunfan He, and Huixiao Le

Department of Educational Technology, School of Education, Peking University, Yiheyuanlu 5,
Beijing 100871, China

{jjy,heyunfan,lehuixiao}@pku.edu.cn

Abstract. Amultimodal human-computer interaction system is composed of the
comprehensive usage of various input and output channels. For the information
input, apart from the traditional keyboard typing, mouse clicking, screen touching,
the latest speech and face recognition technology can be used. For the output, the
traditional screen display, the latest speech and facial expression synthesis and
gesture generation can be used. After literature review of related works, this paper
at first presents such a system, MMISE (Multimodal Interaction System for Edu-
cation), about its architecture and working mechanism, POOOIIM (Pedagogical
ObjectiveOrientedOutput, Input and ImplementationMechanism) illustratedwith
practical examples. Then this paper introduces this system’s pilot applications in
the epidemic time of novel coronavirus in 2020.

Keywords: Multimodal human-computer interaction · Intelligent tutoring
system · Smart learning environment ·Mathematics instruction · Learning of
English as a foreign language

1 Concept Definition and Research Question

A multimodal human-computer interaction system “seeks to leverage natural human
capabilities to communicate via speech, gesture, touch, facial expression, and other
modalities, bringing more sophisticated pattern recognition and classification methods
to human–computer interaction” (Turk 2014). With the rapid advance in artificial intel-
ligence in the past decade, including natural language processing, machine learning and
pattern recognition, the multimodal human-computer interaction research is leveraging
keyboard-tipping, mouse clicking, speech, touch, vision and gestures. A multimodal
human-computer interaction system should comprehensively use various input and out-
put channels. For the information input, apart from the traditional keyboard typing,
mouse clicking, screen touching, the latest speech and face recognition technology can
be utilized. For the information output, the traditional screen display, the latest speech
synthesis, facial expression synthesis and gesture generation can be utilized.

Two questions arise when a system deals with multiple channels’ input and output.
The first is how to receive and analyze the multiple input information, and the second is
how to generate the appropriate multiple output information.

© Springer Nature Switzerland AG 2020
S. K. S. Cheung et al. (Eds.): ICBL 2020, LNCS 12218, pp. 3–14, 2020.
https://doi.org/10.1007/978-3-030-51968-1_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51968-1_1&domain=pdf
https://doi.org/10.1007/978-3-030-51968-1_1


4 J. Jia et al.

2 Related Work

Amultimodal human-computer interaction system facilitates the human-like interaction.
The human-like interaction between the computer and the user supported by multiple
modal technology has been applied in educational technology for a long time, especially
in the field of pedagogical agent and intelligent tutoring system (Jia 2015). Johnson
and Lester (2018) expected that the anthropomorphic and natural interaction between
the pedagogical agent and the student could make the learning easier, more motivating
and more participatory. A pedagogical agent is a human-like animation or avatar in
a multimedia leaning system, and can support the student’s learning by playing part
of an expert, a teacher, a tutor, or a friend, which can give a lecture, suggestion, or
question (Liew et al. 2017; Schroeder and Adesope 2014). The most played roles by the
pedagogical agent include tutors, teachers and trainers, but seldom learning companion,
as found by some systematic reviews (Poria et al. 2017; Terzidou et al. 2016).

The effect of a pedagogical agent with human-like interaction has been studied
early in the 1990s. Lester et al. (1997) explained the function of a pedagogical agent
as persona effect based on the experiment, and believed that the human-like agent,
even with a weaker interaction function, could effectively promote the learning. Social
presence was first proposed by Short et al. (1976), and defined by Gunawardena (1995)
and Lowenthal (2009) as the extent how a virtual agent is regarded as a real human that
communicates and connects with the agent. Social clues expressed by a pedagogical
agent in a multimedia learning environment like the voice, emotion and facial expression
can inspire the learners’ social contact schema (Louwerse et al. 2009). This argument
was evidenced by the fMRI research conducted by Schilbach et al. (2006). If the social
contact schema is stimulated, the learner can process the information coming from the
computer deeply and facilitate the more meaningful learning (Mayer and DaPra 2012).
Nass and Moon (2000) found more similarity between the computer and the human
being can stimulate more social contact of the human users.

The previous studies on pedagogical agent used traditional keyboard text input,
natural language and eye or face recognition as input channels. Graesser and his research
team applied LSA (Latent Semantic Analysis) and other natural language processing
technology in designing intelligent tutoring systems that talk with the student via text or
spoken voice in dialogue or trialogue form (Graesser 2016; Graesser et al. 2018).

Lepper and Chabay (1988) found through classroom observations the teachers spent
almost as much time on the students to help them with the affective goals as with the
knowledge goal. The latest advancement of multimodal emotion recognition and micro
emotion recognition improves the performance of affective computing (Wu et al. 2016).
Recently the design of pedagogical agents to simulate the human teachers in affective
intervention has been a research trend. From the perspective of multimedia learning,
the pedagogical agent which can identify learners’ emotions can effectively convey
more social clues. Positive emotions can help learners focus on current tasks, motivate
the learners, and improve the learning effect (Pekrun 2006). Liew et al. (2017) found
through the meta-analysis about 30 experiments that the usage of emotional recognition
and expression can improve the students’ learning motivation, knowledge retention and
knowledge transformation.
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The output channels of pedagogical agents include text, spoken voice, and animation.
Atkinson (2002) found that the pedagogical agents using voices could improve the
students’ learning performance more effectively than the agents using just the texts.
The real human voice used by the pedagogical agents could have better effect than the
synthesized voice (Mayer and DaPra 2012). IBM developed the Waston Tutor, which
could generate human-like voices with different tones corresponding to the instructional
goals and communicate with the students in spoken voices (Afzal et al. 2019). Those
findings coincide with the social presence theory arguing that the human voice as a more
effective social clue can motivate the learners’ social communication schema.

The animating avatar used as a pedagogical agent can behave like a real human being,
convey more social clues, and thus improve the learners’ performance (Dehn and van
Mulken 2000). There are two kinds of animating avatars, the anthropoid or animal-like
cartoon (Yilmaz and Kiliç-Çakmak 2012), and the real human avatar (Yung and Paas
2015). Although the real human avatar seemsmore normal, Schroeder et al. (2013) found
in their meta-analysis the anthropoid or animal-like pedagogical agents had significant
and positive effect on learning performance, but the real human-like agents did not have
significant effect on the learning performance. The reason may be that the learners could
be aware of the existence of another human subject and lose their control of the learning
(Kim et al. 2016).

The gender of the pedagogical agent is also an important factor in the human-
computer interaction. The stereotype of human gender in the reality can be reflected
in the relation between the learner and the pedagogical agent. Kim and Baylor (2007)
found that the students liked the male agents more than the female agents, and achieved
better learning gains by using the male agents. Makransky et al. (2019) found that the
students got better learning result by using the same gender agents.

Some researchers have attempted to design the multiple channel output responding
to learners’ recognized expression. The AutoTutor system (D’mello and Graesser 2013)
could recognize the learner’s affective status, and then respond with appropriate voice,
expression and gesture. Prendinger and Ishizuka (2005) detected the learners’ affect by
using the skin conductivity sensor and then gave corresponding help and concern, and
found the learners felt less pressure.

The above reviewed related studies demonstrate that multimodal input or output
technology has been applied in pedagogical agent design. However, the comprehensive
consideration of multiple channel inputs and outputs and their application in educa-
tional scenarios have not been found in our literature review. This study attempts to fill
in this gap. We design a multimodal interaction system for education based on the latest
advancement in artificial intelligence, illustrate its workflow and mechanism with prac-
tical pedagogical scenarios, and introduce its technical evaluation and pilot application
in the epidemic time of novel coronavirus outbreak.

3 The Architecture and Mechanism of the MMISE System

We designed and developed a web-based multimodal human-computer interaction
system, MMISE (Multimodal Interaction System for Education). Implemented as a
client/server architecture, it is comprised of the client program and the server system, as
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shown in Fig. 1. The client program deals with the capture, detection and recognition of
various input signals on the one side, on the other side generates the synthesized voice
and avatar animation. It can be an independent program written in Python or Java, or a
webpage written with JavaScript and downloaded from the server. It runs in the client
operating system like Windows in personal computers or Android in tablet computers
or smartphones. The server system mainly deals with the input-output response mech-
anism. This client/machine architecture can fully use the computing capability of the
user’s client machine, and relieve the burden of the server machine.

POOOIIM

Keyboard
typing

Server 

https response https request

Database

Client
Mouse 
clicking

Speech 
recognition

Face
recognition

Text Voice Avatar
animation

pad 
touch

Fig. 1. The architecture of MMISE.

Even if all the inputs in various formats can be detected technologically nowadays,
which of them should be captured and recorded into the database for further analy-
sis, depends both on the pedagogical requirement and ethical consideration. Similarly,
the output channels should be determined based on the system’s pedagogical design
objective.

The system can be implemented in three ways: as an independent webpage, as a
webpage embedded in other webpages, or as an independent client program running
in Windows or other operating system. The user can use the independent webpage or
the independent client program, if he or she can concentrate himself or herself on the
learning objects. The user should use the webpage format embedded in other webpages,
if he or she is easy to lose the concentration or focus on the learning object. Which way
to be used is dependent on the pedagogical objective of the system design.

Overall, the input channels, output channels and the implementation approach are
all dependent on the pedagogical objectives. This is the mechanism of the MMISE, can
be called pedagogical objective oriented output, input, and implementation mechanism,
or in abbreviation, POOOIIM or PO3I2M. This mechanism can be explained with the
following five examples.

The first example is a learning companion system with a MMISE that is hoped to
improve the student’s concentration on the learning content displayed on the screen, such
as a video lecture on demand or a live video lecture. The student’s face captured by the
video camera is the most important input channel. For this functionality the continuance
of facial identification is an important indicator for the student’s concentration status
of facing the screen. If the MMISE cannot recognize and identify the student’s face
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continuously for a specified period, for example one minute, it should give out some
information in the form of spoken voice, because the student does not face the screen
and can’t read the text message or watch the animation. In this case, the MMISE should
be embedded into the lecture display program.

In Fig. 2, the live lecture during the special epidemic time of China was given to
the students from Peking University who were located anywhere in the whole country.
In the left division, the live video lecture with the lecturer’s speech was synchronously
displayed to the student, for example, Jack, while in the right division, the learning
companion Emina was watching the student’ facial expression. Besides, the companion
expressed the same emotionwith the student. If the student looked happy bywatching the
lecture, Emina would also looked happy. If the student watched the video in full screen,
the companion Emina was hidden, but was still watching the student. If the student left
the screen for one minute, Emina would spoke “Where are you now, Jack?”.

Fig. 2. The screenshot of one live lecture companied by the avatar Emina.

The second example is a tutoring systemwith theMMISE (Zhang and Jia 2017). The
student should input the answers either by clicking the correct one in themultiple choices
or fill in the blanks in a given time period, for example in 10 min for the drill, because
some students lag behind the required drill duration according to our previous analysis
of online learners’ drilling behavior (Le and Jia 2018). If the student does not click the
mouse or type the keyboard during the given time, the MMISE should alert the student.
Furthermore, it should determine the concrete output format, either spoken voice, text
or animation. If it detects that the student leaves the screen for a longer time, it should
give out spoken text. If the student doesn’t leave the screen, the MMISE should keep
quiet for a quiz writing system, but function as a tutor with appropriate hints or help in
the format text, voice or animation for a tutoring system. Figure 3 shows the screenshot
of one online math tutoring system with the learning companion Christoph recognizing
the user’s face. In this case, the MMISE could be embedded into the dialogue program
to enhance the agent effect, and some important issues regarding the voice, the avatar
gender and features should be considered, as suggested in the literature review.

The third example is a text dialogue system for language learning with the MMISE.
The student’s input text is an important indicator of his or her speech behavior. If the
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Fig. 3. The screenshot of one online math tutoring system with the user’s face recognized.

MMISE cannot capture the student’ text for a given time period, for example, for ten
minutes, it should give some text messages to the student. On the other hand, all the
student’ input texts should be responded appropriately by the MMISE. Figure 4 shows
one screenshot of the CSIEC system (Jia 2009) where the user is sending message to
the avatar via keyboard text input, and receives both text output and spoken utterance
from the animation avatar Stephan. In this case, the MMISE could be embedded into the
dialogue program or be used just as an independent webpage or program, because only
text input and output are required for the dialogue system.

Fig. 4. The screenshot of the CSIEC system

The fourth example is a voice speech dialogue system for language learning with the
MMISE. The student’s speech is an important indicator for his or her speech behavior.
If the MMISE cannot capture the student’ speech for a given time period, for example,
for ten minutes, it should give some utterances to the student. On the other hand, the
student’ each input should be responded appropriately by the MMISE. In this case, the
MMISE should be embedded into the dialogue program, because the voice speech as
the important input channel cannot be separated from the program.

The fifth example is a quiz writing system with the MMISE in online learning. The
identification of the examinee and the examination process are critical to the guarantee
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the fairness of the examination, as cheating often happens in MOOC and other online
learning systems (Northcutt et al. 2016). The MMISE should work as the proctors or the
examiner in the online examination. With the understanding and the agreement of the
examinee, all the input data including keyboard typing, mouse action, speech and face
movement should be recorded into the database for future review and analysis. To avoid
disturbing the examinee’s thinking and question answering process, no output is needed
to give out throughout the examination. In this case, the MMISE as the monitor or the
proctors should be embedded into the quiz writing system.

For the above examples, the textual output can be continuously presented to the user
on the screen. But the voice and animation output should be given in some intervals in
order to prevent their overlapping.

4 The Software Systems Used to Implement the MMISE

The advancement of artificial intelligence, including NLP (Natural Language Process-
ing) and machine learning such as deep learning, enables both open source and com-
mercial software systems to be used by implementing the MMISE. We just list some
systems.

The continuous speech recognition can be realized by Julius (https://github.com/jul
ius-speech/julius), an “Open-Source Large Vocabulary Continuous Speech Recognition
Engine”, as a high-performance, small-footprint large vocabulary continuous speech
recognition (LVCSR) decoder software for speech-related researchers and developers.
Based on word N-gram and context-dependent HMM, it can perform real-time decoding
on various computers and devices from micro-computer to cloud server.” (Lee et al.
2019). The Englishmodel (LM+DNN-HMM) can be downloaded from the JuliusModel
page (https://sourceforge.net/projects/juliusmodels/files/).

The face, landmark recognition and facial expression recognition can be realized by
the FaceAPI.js (https://github.com/justadudewhohacks/face-api.js), a JavaScript API for
Face Detection, Face Recognition and Face Landmark Detection of a photo file, a video
file, or live webcam capture. It can be embedded in an existing webpage or realized in
an independent webpage located in an https webserver server. For face detection, we
use the SSD (Single Shot Multibox Detector) model, which computes the locations of
each face in an image and returns the bounding boxes together with its probability for
each face. The size of the quantized detection model is about 5.4 MB. For face landmark
detection, we use the 68 point face landmark detector. The default model file has a
size of only 350 kb. For face recognition, a ResNet-34 like architecture is implemented
to compute a face descriptor (a feature vector with 128 values) from any given face
image, which is used to describe the characteristics of a person’s face. We determine
the similarity of two arbitrary faces by computing the Euclidean distance. The model
achieves a prediction accuracy of 99.38% on the LFW (Labeled Faces in the Wild)
benchmark for face recognition. The size of the quantized recognition model is roughly
6.2 MB. For face expression recognition, we use a lightweight and fast model with a file
size of roughly 310 kb. It has been trained on a variety of images from publicly available
datasets as well as images scraped from the web.

The speech synthesis technology has been matured. It can be realized by commercial
providers, such as Chinese iFlyTek (https://www.iflytek.com/), or online Lifelike Text to

https://github.com/julius-speech/julius
https://sourceforge.net/projects/juliusmodels/files/
https://github.com/justadudewhohacks/face-api.js
https://www.iflytek.com/
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Speech ReadSpeaker (https://www.readspeaker.com), whose web version “webReader
allows content interaction on a personal level and offers important learning tools that
help understanding and improve retention and make it easier to access online content
on the go”, and whose “speechCloud API is an online text-to-speech API for making
desktop/web/mobile applications and Internet-connected devices talk.” It can also be
realized by open sourceTTS (Text ToSpeech) projects, from the old FreeTTS (https://sou
rceforge.net/projects/freetts/), toGoogleTTSAPI,MicrosoftSpeechSDK, and the recent
Mozilla TTS (https://github.com/mozilla/TTS), “a part of Mozilla Common Voice. TTS
aims a deep learning based Text2Speech engine, low in cost and high in quality.” The
latest development of TTS is the Real-Time Voice Cloning which claims to “Clone a
voice in 5 s to generate arbitrary speech in real-time” (https://github.com/CorentinJ/
Real-Time-Voice-Cloning) (Corentin 2020).

The avatar technology can be implemented through 2D or 3D animation software,
like live2d (https://www.live2d.com), or game engine Unity (https://unity.com/). We
have developed five avatars using the live2d animation software: Christoph, Stephan,
Ingrid, Emina, and Christine, and applied them in the above program examples.

5 The Pilot Application of the MMISE

During the epidemic time of the novel coronavirus outbreak in 2020, all Chinese people
including students should stay at home. The schools could not run as usually, and the
students could not go to the schools. Therefore all the teachers and the students were
separated from each other and might be distributed around the whole country. However,
in order to maintain the ordinary teaching plan, the educational authorities encouraged
and even required the teachers and students to adopt online learning. The teacher used
the computer at home or in the school office. Almost all of the students used their
computers at home. The access to the Internet was the necessary condition for the online
learning. Fortunately, all most all families in China nowadays have the smart phones,
and many families have wired Internet connection via optical fiber. The phones can
access the Internet via 3G, 4G or even 5G network provided by the ISP (Information
Service Provider) and can function as a hot spot to construct aWLAN (wireless local area
network), through which the desktop computer, notebook computer or tablet computer
can access the Internet. The connection to the Internet could be better and more stable
if the family had a wired network through optic fabrics.

Two forms of online instruction approaches are used. The first is instant, synchronous
and bidirectional lecture. The second is asynchronous and one-way learning resource
browsing and activity participation.

The synchronous lecture was usually implemented in an online conference or meet-
ing system such as Zoom, Classing, Dingding, Tencent, and others. Normally the teacher
used the broadcasting function to present the lecture slides like PowerPoint with syn-
chronous aural explanation just as in the traditional classroom or in the lecture hall. The
students at home watched the lecture broadcasting as well as the teacher’s facial expres-
sions, and listened to the teacher’s speech. The teacher could also watch the students’
facial expressions through video transmission. However, the teacher’s main functionwas
holding the lecture, and could not observer the students’ actions for all the time as in the

https://www.readspeaker.com
https://sourceforge.net/projects/freetts/
https://github.com/mozilla/TTS
https://github.com/CorentinJ/Real-Time-Voice-Cloning
https://www.live2d.com
https://unity.com/
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classroom, especially with a large class volume. Because the network bandwidth was
limited during the lecture time, the lecture broadcasting together with bidirectional video
signals was seldom used. The teacher could not watch the students’ facial expression,
and could not feel their attitudes and reactions immediately. In such a virtual classroom,
the students sitting alone at home could hardly feel the coexistence of other classmates.
Only those students with stronger self-regulation could follow the teacher throughout
the whole lecture time.

The asynchronous learning resource browsing and activity participation often hap-
pened in a course management system such as Moodle or Blackboard. The learning
resources include teaching slides file in PowerPoint or other formats, required readings
in PDF,Word or other formats, and web pages. The online learning activities include the
quiz comprised of multiple choice, blank-filling or other types of questions, the assign-
ment to submit a document or online texts, the feedback or survey, the discussion forum,
the Wiki, and online examinations. In the traditional school teaching, similar activities
are mostly completed in the paper format. Compared with the traditional paper-format
activities, the online learning activities often require the students to have a stronger
control over their online learning behavior, because many contents other than the learn-
ing content in the Internet, for example, the games, are more attractive to the student,
especially the pupils in the schools. If the parents or other adult relatives accompanied
the young student or the school pupil, the student could complete the online learning
activities on time.

Both forms of pure online learning are different from the traditional classroom learn-
ing and the blended learning of traditional classroom learning with computer supported
learning including online learning, because the students could not meet the teachers and
their classmates on site, and lacked the teachers’ face-to-face companion and guidance.

A virtual avatar representing the teacher and accompanying the student’s online
learning is needed for this special period of virus outbreak. For this practical purpose,
we have applied the programs in the examples given in Sect. 3 in the graduate and
undergraduate courses in Peking University.

We also applied the program in a web-based intelligent mathematics instruction
system for school pupils, “Lexue 100” (https://www.lexue100.com), with the Chinese
meaning Happy Learning for 100%. It is a web-based intelligent instruction system
for school mathematics, developed by Beijing Lexue 100 Online Education Co., Ltd.,
and equipped with the OLAI model proposed by the authors’ team (Jia and Yu 2017).
More than 70,000 quizzes have been designed for the different versions of mathematics
textbooks that are used in different provinces and metropolis in China. Writing quizzes
is the main learning activity in this system. Each quiz is composed of a series of gap-
filling or single-choice questions with predefined standard answers. As soon as one
student submits the trial answer to the system, the trial answer can be compared with the
standard answer, and the corresponding quiz score and feedback are instantly provided to
the student. Users are allowed to pass the quiz only if every answer gets right, meaning
that if the first try of one student is wrong, the student will have to try again until
the answer hits the point. As we analyzed in previous studies (Jia and Zhang 2019),
the school students, especially the students with learning difficulties, are easy to lose
their concentration by writing the quiz alone at home, and may copy the answer from

https://www.lexue100.com
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other classmates. The learning avatars facilitated with MMISE are embedded in the quiz
activity, just like those shown in the above examples, and can improve the student’s
concentration on the quiz by watching the student’s face, and giving appropriate help
hints.

6 Limitation and Further Study

This paper just proposes the framework of MMISE (Multiple Modal Interaction System
for Education), illustrates its architecture and working mechanism with five pilot exam-
ples, and just begins to apply it in education. Its evaluation should be done soon after
the user data and evaluation survey result can be collected.
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Abstract. Learning analytics is the measurement, collection, and analysis of data
about learners and their contexts for the purposes of understanding and optimizing
the process of learning and the underlying environment. Due to the complex nature
of the learning process, existing works mostly focus on the modeling and analy-
sis of single learning behavior and thus bears limited capacity in achieving good
performance and interpretability of predictive tasks.We propose a research frame-
work for learning analytics based on multilayer behavior fusion which achieves
significantly better performance in various tasks including at-risk student pre-
diction. Results of extensive evaluation on thousands of students demonstrate
the effectiveness of multilayer behavior fusion. We will report the insights about
mining learning behaviors at different layers including physical, social and men-
tal layers from the data collected from multiple sources. We will also describe
the quantitative relationships between these behaviors and the students’ learning
performance.

Keywords: Learning analytics ·Multilayer behavior extraction · At-risk student
prediction · Automatic text scoring

1 Introduction

Proper education is the foundation of civilization, happiness, and success. Education
has thus been an enduring and significant topic at different times. The past decades have
witnessed the rapid advancement of wireless sensing, big data, and artificial intelligence.
Novel pedagogical improvements have been achieved significantly via community-based
learning environments where learners could learn in online communities like discus-
sion forums and various Learning Management Systems (LMS) like Blackboard. These
emerging learning paradigms are the foundation of LearningAnalytics. The huge amount
of data generated through online and offline activities make it possible to trace the learn-
ing processes and analyze their relationships with learning outcomes quantitatively.
Specifically, learning analytics is defined as “the measurement, collection, and analysis
of data about learners and their contexts for the purposes of understanding and optimizing
the process of learning and the underlying environment” [1].

Although applications in learning analytics share a similar purpose which is to tailor
educational opportunities to the individual learner’s need, they are quite diverse ranging
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from performance prediction to course recommendation [2, 3]. For instance, Purdue
University exploited data from LMS of a certain course to predict which students may
be struggling academically and to provide proactive intervention. The assumption is
the students’ effort measured by participation in LMS could partially explain academic
success.Another example isTheUniversity ofAlabama improved student retentionusing
a predictive model for at-risk students based on the large data set of their demographics
[4].

In various learning analytics applications, different data modalities including text,
video, and spatiotemporal data are used to model learners’ learning behavior. However,
most of them focus on the behavior in a single layer, which bears a limited capacity
to model the underlying learning processes that are complex and dynamic in nature.
For example, the LMS data reveal the underlying patterns of how students participate
in the course. The way students use the LMS like how long (timespan) and how often
(frequency) they use certain functionality is closely correlated with their learning perfor-
mance. The statistical features of timespan and frequency belong to physical behavior.
However, learners with the same physical behavior do not necessarily get similar out-
comes due to the dynamics in human behavior [21]. Every single human activity takes
place within a context. Learning is not an exception. Both relational context and mental
context play vital roles in understanding human behavior. The relational context cap-
tures social influence and social interaction between learners while the mental context
includes individuals’ emotion, perception, and motivation.

In this paper, we extract behavior in multiple layers including physical, social, and
mental layers which could model the underlying learning process in a more compre-
hensive way. The vision, however, entails two grand challenges when applied to reality.
The first challenge is how to design multilayer behavior features? Most of the related
works focus on physical behavior features. How to model the social interaction and
mental status of learners remain open challenges. The second challenge is how to fuse
the behavior feature from multiple layers? Given features from different behavior, they
are usually of different modalities and different granularity which make the fusion task
difficult and challenging.

We propose a general research framework indicating how multilayer features are
extracted and fused for two learning analytics applications. For the extraction challenge,
instead of directly measuring the social interaction in the physical world that is barely
possible, we use alternative ways to approximate the social network. For example, both
co-occurrences in the physical world and quotation in the cyber world are indicators
of social interaction [5]. We also resort to the regularity of different behavior as the
measurement of personal characteristics [6]. For the fusion challenge, we propose two
types of fusion including feature level fusion and model level fusion as illustrated in two
different learning applications. The effectiveness is evaluated in both applications. The
results indicate the propose research framework could significantly improve application
performance with the help of multilayer behavior fusion.

The remainder of the paper is organized as follows. Section 2 gives an overview of
the proposed research framework. Section 3 and Sect. 4 are two case studies of learning
applications which illustrate how multilayer behavior features are extracted and fused.
The last section concludes the whole paper.
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2 Overview

To comprehensively model the learning process, we propose the following research
framework as shown in Fig. 1. This framework illustrates how we process typical multi-
modal data for significant learning analytics applications of automatic text scoring and
at-risk student prediction. Instead of extracting physical behavior only, we extract and
fuse social and mental behavior.

Fig. 1. The proposed research framework.

The Multimodal Data Layer shows the textual data and spatiotemporal data we
processed. Specifically, textual data refer to the online discussion forum posts from
students and spatiotemporal data include transaction data of daily consumption using
campus cards, check-in histories of the library, and operation logs in LMS. In the next
layer, wemanaged to extract multilayer features from physical, social, andmental levels.
Physical features are mostly conventional features like statistical features of timespan,
frequency of certain activities and textual features from the forum posts. Social features
include networks inferred from co-occurrence and quotation. Mental features are the
regularity of different behavior. Then in Analytics and Fusion Layer, we transfer domain
knowledge and fuse features from different levels for the top layer applications including
automatic text scoring (ATS) and at-risk student prediction (ATP).

ATS is to automatically mark the score of given online forum posts. The main focus
is textual data where we extract both physical and social features. We consider not only
the writing quality but also the quotation relationships between posts using model level
fusion. ATP is to predict students that will be academically at-risk. The main inputs are
spatiotemporal data from which we extract physical, social, and mental features. The
feature-level fusion of all the features is quite effective in predicting at-risk students
owing to the capacity of capturing the dynamics of learning processes.
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3 Case Study 1: Automated Online Forum Posts Scoring

3.1 Introduction to Automated Online Forum Posts Scoring

With the rapid development of the Internet, online coursesware is spreadingworldwide at
exponential speed.Numerous colleges anduniversities haveoffered fully online or hybrid
courses combining online instruction with face-to-face teaching. In 2011, a study from
thePewResearchCenter reported that, in 2010–11 academic year, 89 percent of four-year
colleges and universities offered courses taught fully online, or hybrid/blended online,
or other forms of distance instruction. In 2013, 32 percent of all students would enroll in
higher education took at least one online course [7].Meanwhile, instructors start to assign
homework online and ask students to submit their homework online. With more and
more electrical homework, the requirement of automated grading becomes increasingly
urgent. It is a heavy burden for each instructor to mark hundreds of homework within
limited time. Besides, unlike objective questions that have explicit answers, the answers
of subjective assignments only provide some guidelines so that multiple instructors may
give different scores for the same assignment due to different judgments. Last but not
least, it is difficult to avoid preferences of instructors’ tastes so that some assignments
may gain higher scores than other assignments marked by the same instructors. To
address the aforementioned issues, it is essential to mark the assignments automatically.

For subjective assignments, textual answers are the most popular way to show the
arguments, introduce the method and procedure. Therefore, Natural Language Process-
ing is adopted to analyze those textual answers where researchers largely focus on two
types of problems. The first one is Automated Essay Scoring [8] which mainly concen-
trates on single long text, such as the composition or academic essays. These texts have
hundreds of words and were grades by the instructors with a score according to their
writing quality. There are usually significantly concrete criteria as guidelines to guide the
instructors’ marking. The major challenge here is how to represent the writing quality
of the long text. The other is Automated Short Answer Grading (ASAG) [9] which pays
more attention to the correctness of the student answers. In this task, a question and a
correct answer are usually given by the instructors, and the answers are very short, usu-
ally one or two sentences. So, the key step to solve this task is to match the consistency
between the correct answer and the students’ answers.

In online education, online forum iswidely used byboth educators and students, since
asynchronous, threaded discussions can be effective in creating a collaborative learning
environment [10]. It benefits online learners via reducing their dropout rates, increasing
their performance and course satisfaction, aswell as helping and learning fromeach other
[11]. Thus, instructors, especially in the field of social science, usually assign some open
topics for students to discuss online as homework. It is inevitable that the instructors are
required to grade students’ performance by reading all students’ posts. However, unlike
the aforementioned two tasks, the online discussions show quotation relationships, some
posts are more likely to be quoted such that the contents in these posts may carries more
significant information. Posts with more quotations could reveal students’ innovations
since many students are interested in and discuss them. To summarize, this task is to
automatically mark all the posts of each student not only considering the writing quality
of the posts themselves, but also the quotation relationship among these students.



Learning Analytics Based on Multilayer Behavior Fusion 19

3.2 Model Fusion of Physical Features and Social Features

We proposed a new model as shown in Fig. 2 to combine the measurement of writ-
ing quality and the topology of quotation relationship to grade the students’ posts. To
evaluating the writing quality, a hierarchical RNNmodel [12] is used to learn post repre-
sentations that contain syntactic, semantic and coherence information. Besides, student
representation is learned to capture the topology information from the quotation graph.
More specifically, to learn the post representation, each post is separated into several
sentences, and each sentence is separated into several words. Then, a Long Short-Term
Memory (LSTM) network [13] is used to compose a sequence of words to learn sentence
representations. Furthermore, another LSTM network is utilized to compose a sequence
of sentences to learn post representations. As for student representation, refer to recent
network embedding models, a quotation graph is constructed according to the quotation
relationship between students. Then, an adjacent matrix is constructed according to the
quotation graph. Finally, student representation could be learned via matrix factorization
(Singular ValueDecomposition) of the constructed adjacentmatrix. In total, with learned
post representation from text and student representation from the quotation graph, two
features are combined to predict the score of the student’s post.

Fig. 2. Methodology framework of automated online forum posts scoring.

3.3 Results of Model Fusion in Automated Online Forum Posts Scoring

We construct a dataset cooperatedwithDepartment of Applied Social Science in our uni-
versity, and two types of evaluation metrics are used, namely correlation measurements
including Quadratic Weight Kappa (QWK), Spearman Correlation Coefficient (SCC),
and Pearson Correlation Coefficient (PCC), and residuals-based measurements, such as
Rooted Mean Square Error (RMSE). As shown in Table 1, we show the experimental
results of only using neural network (NN) and using both neural network and matrix
factorization (NN + MF). Since the quotation relationship is very sparse and matrix
factorization is too simple to learn the quotation relationship topology. The performance
of utilizing quotation relationship is lower than only using neural network. However,
With the extra quotation relationship, the model gains better QWK values, which shows
the effectiveness of quotation relationship.
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Table 1. Experiment results.

Model QWK SCC PCC RMSE

NN 0.405 0.445 0.452 5.60

NN + FM 0.417 0.430 0.439 5.96

4 Case Study 2: Early Prediction of At-risk Students

4.1 Introduction to At-risk Student Early Prediction

Early predicting students at risk (STAR) is an effective and significant means of timely
prevention of dropout and suicide. STAR are students who require temporary or ongoing
intervention for achieving academic success [14]. Universities usually identify STAR
by their academic performance which is sometimes too late to intervene. Existing works
predict STAR from either online or offline learning behaviors [15–17]. However, neither
of them is comprehensive enough to capture the whole learning processes and lead to
unsatisfied prediction accuracy. For example, some students may prefer learning online
but rarely attend face-to-face lectures. Thus, their offline learning behaviors are inactive
which introduces biases in prediction if the whole learning process is not captured.

We aim to identify STAR before the end of a semester using multilayer behavior
fusion fromboth online and offline learning activities.WedefineSTARas studentswhose
Grade Point Average (GPA) is below 2.0 in a semester. The online learning behaviors are
collected from the click-stream logs in the Blackboard, a learning management system
(LMS), while the offline one comes from the library check-in records. There three major
challenges to be tackled. (1) The number of STAR is far less than that of normal students
such that STAR prediction is an extreme label-imbalance classification problem. (2)
Comparing to the click-stream traces in LMS, the library check-in records are much
sparser causing data density imbalance issues while data fusion. (3) STAR are usually
inactive at the beginning of a semester so that their behavior traces are far less than
enough for accurate early prediction.

To solve the aforementioned challenges, we propose EPARS for early predicting at-
risk students.With the observation that study routines of good students are periodical [18]
and STAR usually have more drop-out friends [19], EPARS extracts students’ learning
regularity patterns by a multi-scale bag-of-regularity approach and embeds their social
homophily to accurately predict STAR. The experimental results show that EPARS
outperforms baselines and achieves over 61% prediction accuracy in the first week of
the semester.

4.2 Feature Fusion of Physical, Social, and Mental Behavior

To encode the regularity as features, we propose multi-scale bag-of-regularity to extract
the repeated patterns of learning behaviors inmulti-scalemanners. First, we represent the
learning behaviors as a binary sequence, then we sample subsequences at every nonzero
element with length � = 2+ (s− 1)× z where integer s is the scale and z is the step-size
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between scales. These subsequences actually carry students’ behavior patterns. Because
regularity is the repeat of the behavior patterns, we filter out those only appearing once
and count the number of occurrences of all possible behavior patterns in every scale
as features. With this approach, which is robust for sparse data, the regularity features
extracted from dense LSM data and sparse library check-ins are in the same scale-space
so that it can well solve the challenge of data density imbalance. Figure 3 shows the
average occurrence number of each library check-in pattern between STAR and normal
students. The horizontal axis represents the library check-in patterns at scale 1 to 4.
For example, pattern 110 represents a three-day pattern of students’ library check-in
behavior in which they continuously go to the library for first 2 days but not go there on
the third day. The patterns at scale 1 exactly is the total number of library check-ins. This
figure indicates that STAR have less continuous library studies than normal students.

Fig. 3. Regularity patterns of at-risk students and normal students.

To supplement the lack of students’ behavior at the early stage of a semester, we
construct a co-occurrence network from library check-in records to model students’
social relationships. Figure 4 illustrates the constructed co-occurrence network par-
tially. Each red node represents one student, while the edges between nodes indicate the
co-occurrences of students when they check-in to the library. The width of the edges
shows the number of co-occurrence time between them. Moreover, we use 5 times as
the threshold to distinguish the “familiar strangers” and actual friends. The “familiar
strangers” are the stranger students check-in to the library together by coincidence; so,
the co-occurrence time between those students should be less than actual friends going
to the library together. In the figure, solid black edges represent the co-occurrence times
between nodes are higher than the threshold, while dashed gray edges represent the
co-occurrence times between nodes are lower than the threshold. We model the learn-
ing behavior homophily among students by this co-occurrence network, which could
further help the at-risk student prediction in the social feature layer. Because of social
homophily, the features of students who have similar social connections should be close.
We embed the co-occurrence network to encode the social homophily as representation
vectors for every student by using Node2Vec [20]. Learning students’ social homophily
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provides extra information for solving the data insufficiency challenges and enables
EPARS to early predict STAR.

Fig. 4. A constructed co-occurrence network. (Color figure online)

Last but not least, we augment the training samples of STAR by synthesizing new
ones using random linear interpolation. After data augmentation, STAR have the same
number of samples as that of normal students while training the classifier for prediction.
It prevents the classifier from being dominated by the majority of normal students’
samples which overcomes the challenge of extreme label imbalance in classification.

4.3 Results of Feature Fusion

We collect the data from 15,503 undergraduate students in an Asian university in 2016
to 2017 academic year for conducting experiments to validate the effectiveness of the
EPARS. There are 225 and 319 STAR in two semesters respectively. The experiment task
is to predict STAR at the end of every week in the semester. The accuracy of STAR pre-
diction (ACC-STAR) is defined as the amount of true positive predictions divided by the
total number of STAR in the test set. The baseline approaches are handcrafted statistically
significant behavior features (SF) and its combination with the components of EPARS
including data augmentation (DA), regularity features (Reg), and social homophily fea-
tures (SoH). All experiments are under 5-fold cross-validation and repeat 10 times. The
results are reported in Table 2where the elements represent the average ACC-STAR. The
proposed method outperforms all baselines from the first week to the end of the semester
which confirms its effectiveness in STAR early prediction. Especially, our EPARS cor-
rectly predicts 61.84% STAR from their online and offline learning behaviors in the first
week, which outperforms SF, DA, DA-Reg, and DA-SoH 38.22%, 17.50%, 14.62%, and
22.38%, respectively.
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Table 2. Results of STAR early prediction.

Weeks Baseline DA DA-SoH DA-Reg DA-Reg-SoH

1 0.447 0.526 0.505 0.539 0.618

2 0.395 0.421 0.447 0.618 0.658

3 0.395 0.408 0.461 0.539 0.618

4 0.308 0.368 0.447 0.592 0.645

5 0.408 0.421 0.513 0.592 0.645

6 0.447 0.447 0.539 0.566 0.697

7 0.395 0.500 0.461 0.605 0.697

8 0.539 0.421 0.474 0.632 0.737

9 0.572 0.408 0.441 0.592 0.711

10 0.487 0.444 0.487 0.671 0.711

11 0.539 0.582 0.574 0.671 0.737

12 0.500 0.582 0.595 0.684 0.724

13 0.539 0.608 0.618 0.684 0.724

5 Conclusion

In this paper, we propose a general research framework for learning analytics by extract-
ing and fusing multilayer behavior which includes physical, social, and mental behavior.
We demonstrate the feasibility and effectiveness of extracting social and mental features
from textual data and spatiotemporal data. Also, feature-level fusion and model-level
fusion methods reveal the flexibility of multilayer behavior fusion. According to the
evaluation of automated online forum posts scoring and at-risk student early prediction,
the proposed framework could effectively improve task performance.

Acknowledgements. The work is supported by Human-computer fusion cloud computing archi-
tecture and software definition method (project code: 2018YFB1004801). It is also supported by
LearningAnalytics and Educational DataMining:Making Sense of BigData in Education (project
code: 1.61.xx.9A5V) and Multi-stage Big Data Analytics for Complex Systems: Methodologies
and Applications (RGC No.: C5026-18G).

References

1. Call for Papers of the 1st International Conference onLearningAnalytics&Knowledge (LAK
2011). Accessed 12 Feb 2014

2. Sin, K., Muthu, L.: Application of big data in education data mining and learning analytics–a
literature review. ICTACT J. Soft Comput. 5(4) (2015)

3. Avella, J.T., Kebritchi, M., Nunn, S.G., Kanai, T.: Learning analytics methods, benefits, and
challenges in higher education: a systematic literature review. Online Learn. 20(2), 13–29
(2016)



24 Y. Yang et al.

4. Campbell, J.P., DeBlois, P.B., Oblinger, D.G.: Academic analytics: a new tool for a new era.
EDUCAUSE Rev. 42(4), 40 (2007)

5. Crandall, D.J., Backstrom, L., Cosley, D., Suri, S., Huttenlocher, D., Kleinberg, J.: Inferring
social ties fromgeographic coincidences. Proc.Natl. Acad. Sci. 107(52), 22436–22441 (2010)

6. Silk, J.S., Steinberg, L., Morris, A.S.: Adolescents’ emotion regulation in daily life: links to
depressive symptoms and problem behavior. Child Dev. 74(6), 1869–1880 (2003)

7. Allen, I.E., Seaman, J.: Changing course: ten years of tracking online education in the United
States. In: Sloan Consortium (2013)

8. Taghipour, K., Ng, H.T.: A neural approach to automated essay scoring. In: Proceedings of
the 2016 Conference on Empirical Methods in Natural Language Processing, pp. 1882–1891
(2016)

9. Sultan, M.A., Salazar, C., Sumner, T.: Fast and easy short answer grading with high accuracy.
In: Proceedings of the 2016 Conference of the North American Chapter of the Association
for Computational Linguistics: Human Language Technologies, pp. 1070–1075 (2016)

10. Cox, B., Cox, B.: Developing interpersonal and group dynamics through asynchronous
threaded discussions: the use of discussion board in collaborative learning. Education 128(4)
(2008)

11. Yuan, J., Kim, C.: Guidelines for facilitating the development of learning communitiesin
online courses. J. Comput. Assist. Learn. 30(3), 220–232 (2014)

12. Mikolov, T., Karafiát, M., Burget, L., et al.: Recurrent neural network based language model.
In: Eleventh Annual Conference of the International Speech Communication Association
(2010)

13. Kalchbrenner,N.,Grefenstette, E., Blunsom, P.:A convolutional neural network formodelling
sentences. arXiv preprint arXiv:1404.2188 (2014)

14. Richardson, V.: At-risk student intervention implementation guide. The Education and
Economic Development Coordinating Council At-Risk Student Committee, p. 18 (2005)

15. He, J., Bailey, J., Rubinstein, B.I., Zhang, R.: Identifying at-risk students in massive open
online courses. In: Twenty-Ninth AAAI Conference on Artificial Intelligence (2015)

16. Koprinska, I., Stretton, J., Yacef, K.: Students at risk: detection and remediation. In: Pro-
ceedings of the 8th International Conference on Educational Data Mining, pp. 512–515
(2015)

17. Marbouti, F., Diefes-Dux, H.A., Madhavan, K.: Models for early prediction of at risk students
in a course using standards-based grading. Comput. Educ. 103, 1–15 (2016)

18. Yao, H., Lian, D., Cao, Y., Wu, Y., Zhou, T.: Predicting academic performance for college
students: a campus behavior perspective. ACM Trans. Intell. Syst. Technol. (TIST) 10(3), 24
(2019)

19. Ellenbogen, S., Chamberland, C.: The peer relations of dropouts: a comparative study of
at-risk and not at-risk youths. J. Adolesc. 20(4), 355–367 (1997)

20. Grover, A., Leskovec, J.: Node2vec: scalable feature learning for networks. In: Proceedings
of the 22nd ACM SIGKDD International Conference on Knowledge Discovery and Data
Mining, pp. 855–864. ACM (2016)

21. Yu, Z., Du, H., Yi, F., Wang, Z., Guo, B.: Ten scientific problems in human behavior under-
standing. CCF Trans. Pervasive Comput. Interact. 1(1), 3–9 (2019). https://doi.org/10.1007/
s42486-018-00003-w

http://arxiv.org/abs/1404.2188
https://doi.org/10.1007/s42486-018-00003-w


Design a Curriculum with User-Experience
Analysis: Case Study Computing Science

Curriculum

Punpiti Piamsa-nga1(B) and Yuen Poovarawan2

1 Department of Computer Engineering, Kasetsart University, Bangkok, Thailand
pp@ku.ac.th

2 Kasetsart University, Bangkok, Thailand
yuen@ku.ac.th

Abstract. To improve the education, a new design of curriculum is always a part
of the process. However, its development usually relies on the change of body of
knowledge and class implementation. As a result, it might not succeed since it is
compromised with issues in the deployment. In this paper, we propose to intro-
duce a design concept on user experience (UX), which is extensively studied in the
software engineering and computer science research, as a design tool. When the
curriculum is improved, not only the body of knowledge is changed, the changes
also affect all related resources and activities. If some of them was not well pre-
pared, it would become the obstructions. The UX design/analysis is a process that
uses meaningful experiences of all users in all aspects, such as resources, manage-
ment, usability, and implementation. All related action roles to the system in the
past is needed to be analyzed. The new curriculum should be designed based on
possibility of implementation and optimized based on the user experience in the
future. We introduce the study of computing science curriculum design for basic
education. The case study has discussions on the analysis, the objective layout on
the curriculum development, and the design of the curriculum.

Keywords: User experience · Computing science

1 Introduction

Thailand is currently facing serious issues and challenges in education. TheOECD’s Pro-
gramme for International Student Assessment (PISA) shows that the country’s school
performance is lower than the OECD averages for all three subject areas: reading, math-
ematics and science [14]. Despite spending large budget on education [12], the results
are unsatisfactory. The Independent Committee for Education Reform (ICER) has a set
of mission reports on education reforms [6]. In these reports, identifying underlying
problems based on the perspective of many that involved in the system has found the
following major issues. First, students lack of critical skills; the traditional schooling is
teacher-centered delivery contents to group of students, focusing on rote learning and
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memorization [3]. Second, teachers face many mandatory activities which are exhaus-
tive but unproductive. For example, curriculum and program assessments require long
man-hours of paperwork, but do not reflect real statues. Third, curriculum is usually
seen as a core element for effective schooling, therefore it is often the object of reforms.
However, the contents of each subject cannot be changed drastically. A small change
without any new approach or new objective would not make any high impacts. Fourth,
resource limitation is a main obstruction for speedy education reform on the large scale.
At the national level, there are over 7.7 million of K-12 students, over 200 thousand
of educational personnel, and over 10 thousand of schools, major change in curriculum
would put pressure on revising teaching materials, teacher training and class manage-
ment. Fifth, population decline in Thailand means that within 6 years, the number of
active students will be reduced to 6.8 million. Seats in many universities will be vacant.
In order to survive, universities need to reorganize their business model. The aforemen-
tioned problems indicate that a change is necessary but careful consideration should
be given to both direct and indirect impacts when drawing new policies/curriculum.
Otherwise the new policy may become obstructions to itself.

“Thailand becomes a developed country with security, prosperity and sustainability
in accordancewith the SufficiencyEconomyPhilosophy” is the vision as stipulated in the
country’s current 20-year National Strategy (2017–2036) [16]. The policy of Thailand
4.0 is a new economic model that aims to unlock the country from several economic
challenges bymoving the country into a new era defined by innovative technology-based
manufacturing and services, changing traditional farming to smart farming, traditional
SMEs to smart enterprises, traditional services to high-valued services, etc. [19]. To
succeed, it requires “smart” citizens. People need to acquire new experiences, skills
and knowledge [15]. To this end, the stagnant education system needs to reform to stay
coherent with the evolving world.

2 User Interfaces and User Experience

When discussing on the design of software and system, user interface (UI) is a term
that is more common and more recognizable. Users access and control the system to
reach their objectives by the user interfaces. On the other hand, user experience (UX) is
about how each user self-evaluates the system. UX design/analysis is a process to create
knowledge models from relevant experiences on design, usability and function from all
stakeholders in the system. It can help all users to understand the effects and impacts
of the design before the system is implemented [5]. The experience is what users think
and judge the system on their own way, not the necessary just on the user interfaces.
Many good UI design failed because the users evaluated the system in other aspects.
An example of good UI but fail UX is the case of tablet computer. Microsoft failed to
deliver Tablet computer in 2000 but iPad succeeded in 2010 [16]. This shows that the
success depended on the experience of the users.

Similarly, the curriculum usually is designed on the ideas to achieve goals of the
curriculum designer. In this case, curriculum can be compared as the UI. The curriculum,
in most case, means its body of knowledge and its contents, not how it is implemented.
The case of UX in education is what people have learned on the education not only about
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the contents but also all related issues to implement the curriculum, such as resource
management, personnel, outputs, outcomes, obstructions, risks, and opportunities.Many
good curriculums failed by the related issues in the ecosystem of the education, which is
not concerned or mentioned in the curriculum [1]. Mainly, the UX analysis are learned
on each stakeholder. We believe that using the philosophy of the UX design should make
the curriculum more feasibly successful.

3 The Curriculum Design Issues

Some issues of UX for the curriculum are listed as follows. These issues are further
discussed in case study in the next section.

Rapid Changes of Technology
Body of knowledge of computing science is not rapidly changed but the technology is.
However, the change of information technology affects the learning method. Students
become digital native. They can access, manipulate or process the data and knowledge in
differentways from the past. Digital contents are in different forms ofmedia. All contents
are connected via the Internet. Many of them are visualized multimedia contents, not
just a textbook. The learning module becomes more virtualized into the cloud. It is not
necessary that learning must be just in the classroom. It is also accessible in parallel.
This is an issue that curriculum must fit the new learning method; otherwise, it may not
be effective.

Therefore, technologies is not just platforms or tools to delivery knowledge or
skills, but become a concept of implementation. Digital learning and active learning
are examples of platforms that new curricula must base on.

Focus on the Objectives
Whether using any design tools or not, the philosophy and objectives of the curriculum
are still the same. However, curriculum only define characteristics of knowledge of the
student, but some important objectives may not be written explicitly [13]. For example,
creative thinking is an objective that every student should have. However, there is no
subject of “creative thinking” in the curriculum and it can only be taught through some
activities in related classes. At the end, therewould be no explicit emphasis about creative
thinking in the curriculum at all.

To focus on the objectives, the content of curriculum itself must clearly reflect the
objectives. In the example of creative thinking, it is amain objective in the curriculum that
should be written in the class description. It should be written about how the students can
learn to communicate efficiently, think creatively, solve problems systematically, using
data and knowledge effectively, and understand new normal of knowledge society. This
will make teachers understand the objectives rather than only acknowledge on the body
of contents.

The Goals Beyond the Curriculum Design
The success of curriculum is not the success of education system. There are many issues
beyond the curriculum design [11]. The extra issues related to the implementation of the
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curriculumsuch as availability andquality of teachers, classmaterials, class arrangement,
and all side effects should be taken into consideration. These will become constraints in
the curriculum deployment.

Implementation of the Curriculum
Not only design constraints should be concerned, but the implementation method is also
needed to be designed carefully. Usually, implementation is based on availability and
cost of current technology. Although the design constraints are obstruction, selecting
appropriate implementation methods can make the system more possible. For example,
while teaching in an era of Covid-19 virus outbreak is prohibited, the class may be
continued using teleconference or broadcasting via the Internet. Most technology has
its own cost and benefit. If the designer truly understands choices of implementation
method, some obstacles could be avoid.

All-Actors-Centered, Not Just Student-Centered
We must understand clearly, who the students are, who else are in the system, what the
specialty of the curriculum is, how all people participate, how much all users are needed
to change. By using the UX design, a user is not analyzed as an individual. A user role
(actor), which is common behavior and common characteristics of a group of human
users, is analyzed instead. User-experience of all actors are needed to be analyzed; then
the analysis result is used to design a new UX.

Student is still the most important role in the education system, and it is the centered
of the curriculum objective. However, as we know that the system can only continue
when everybody from every role can survive in the system. At least, user experiences of
student role and teacher role are needed to be analyzed. TheUXdesign of students should
make the curriculum succeeded and UX design of teacher should make the curriculum
more feasible.

4 Case Study: Computing Science for Basic Education

In this section, we explain the design of the computing science in basic education in
Thailand. We demonstrated the backgrounds and explained the design.

4.1 Backgrounds

The basic education curriculum is the national core curriculum which prescribed goals,
learning standards and a framework for the development of primary and secondary school
curriculum. It is formulated to support the national development plan. Thai government
has recognized to important of computer education in today’s society and has included
Information and Communication Technology (ICT) as one of vocational subjects in
basic education curriculum since 1990s [2].

Computer education became distinct subject and one of the mandatory subjects in
Thai basic education curriculum in 2017 [7]. It was also given a new name to reflect
the new teaching concept, which is about the science of computing applied on any
subjects and applications, and it is now called computing science [7]. Technology is
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not the focal point since it changes too fast. The curriculum concentrates instead on the
thinking method while programming is deployed as a learning tool. The objective is to
develop students to be thinkers, developers, and entrepreneurs, as it has been mentioned
in the national development plan. However, although the objective is about computing,
the class still has major contents usually found in computer science. Some issues and
challenges can be found in [17].

4.2 The ICT Curriculum

The inclusion of ICT in the basic education core curriculum in 1990s was the first
time that computer education has been included in Thai curriculum. It was offered as a
vocational subject and focused on general uses of computers, such asOffice applications,
to support subject and topic learning across the curriculum.

During the design process, the user experience analysiswas not adopted. The curricu-
lum design team was told to focus on the development of contents. The team consisted
of professors from various universities and teachers from some selected schools. The
professors knew all about contents of the subject, but they had never had any experiences
in the field. On the other hand, the teachers knew the problem in the field, but they lacked
understanding on effects of the curriculum changes.

Moreover, there was no available time slot on the students’ class schedule. The effect
of injecting the new content means some courses in the curriculum must be eliminated.
Acquisition of equipment and its required environments, such as computer and internet,
is also needed.

The curriculumwas notwidely successful due to lack of resources, qualified teachers,
and interest of students. Computer resources were not widely available. There was no lab
for computer exercises in many schools. Lessons were taught by non-specialist teachers
since there was shortage of teachers with sufficient knowledge and training new ICT
teachers took times. In some schools, the classes were successful at junior high school
because the students understood the importance of the subject. However, it was much
less interesting to senior high school students since their main focus were university
entrance examination and ICT was not part it.

The UX Analysis. To understand the effects of the changes clearly, the UX analysis on
all actors are proposed. In this case study, the actors are composed of science teachers,
ICT teachers, school administrators, and students. All details are listed during the design
process. Examples of UX design/analysis after the ICT course was adopted into the
curriculum are shown in Table 1. It shows that user may think in the different way
from the design and they always have alternatives. It is very possible that some resource
conflicts may occur, and it would become obstruction to the implementation of the
curriculum.

Other issues. Some extra lessons learned on the ICT curriculum design and
implementation can be listed as follows.

– The design of curriculum was done in form of a committee. Their assignment was to
consider only on the body of knowledge, which was usually not too different from any
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Table 1. Example of user experience and its effects.

Actor roles User experience Effects from the user experience

Student 1. New subject to learn
2. New technology to adopt
3. Another unimportant class since

it was not used for the university
entrance exam

1. More time to stay in class
2. Possibly extra curriculum

needed to be reduced
3. Students not interested to the

class

Science teacher 1. Reduced workload because the
teaching hour is cut

2. Increased workload because
there is no ICT teacher at school

ICT curriculum is a threat to their
career

ICT teacher 1. Good opportunity for career
2. No schedule assigned because it

was filled by school
administrator

3. They are not trained as ICT
teacher; need to be developed as
well

4. More workload

ICT curriculum is a threat if they
do not have backgrounds in
computer science

School administrator 1. Need to develop science teacher,
or vocational teacher to be ICT
teacher

2. Need to acquire computing
equipment

3. Re-arranging class schedule and
teachers’ workload

1. Lots of class and workload
management

2. Acquiring and setting up
environment needs efforts and
time

other curricula in the same subject. Therefore, only the teaching and implementation
guidelines, and some exercises were the main control from the conceptual design to
the student as a final product.

– Body of knowledges in the curriculum was driven by the situation of the country and
trends of available technology.

– The curriculum design was not integrated, and design was separated by subject. Stu-
dents did not have an opportunity of real-world problems that needs collaborative
solution from many subjects to solve it.

– The university entrance exam was a goal of student. The objective of the curriculum
was irrelevant to them.

– Besides the class schedules, teachers still had lots of workload, such as class assess-
ments from many organizations. Adding more tasks to teachers seem not to be a good
attempt.

– The curriculum is more focus on the content that students should know rather than
the life that the students should have. There are many extracurricular activities which
students have to learn but are not part of the curriculum and therefore are not scheduled
in regular school hours.
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– The limit that should be taken into consideration of the curriculum design: action roles
of all users, studying hours of students, teaching hours of teachers, teaching resource
management, and learning/studying materials.

4.3 The Computing Science Curriculum

The UX design. From the UX analysis of the ICT curriculum, the design issues are listed
as follows.

The Philosophy, Objectives and Goals. The curriculum still reflects the philosophy,
objectives and goals. In 2010s, the national development plan of Thailand is to promote
knowledge economy. Innovative thinking is a key.

UX of the Actors. When the curriculum contents are the main focus without taking the
experiences, that the stakeholders will have, into consideration, the outcomesmay not be
as planned. Everyone always has a choice and it will be the best for him/her. For example,
the basic programming is planned to deploy mainly in the junior high level, where it has
been initially planned in the senior high level. However, by the UX analysis, students
will not be interested in a class that was not a part of national university entrance exam.
To avoid that situation, basic skill of computing science, such as Python programming,
IoT concept, basic data collection and analysis, was mainly introduced at the junior high
level. The class at the senior high level becomes like higher-education class, which has
more advanced in software development, data analytics, and project. If some students
elect not to continue with the subject at senior high, the curriculum is still successful
with slight loss on less important topics.

The Education in the 21st Century. The idea of education in the 21st century brings
about the needs of student’s characteristics, such as teamwork, leadership, globalization,
work/living environment, ethics, design thinking, and engineering senses [8]. However,
it was hard to include in the curriculum because the real-world problem requires combi-
nation of multiple disciplinaries to solve and the curriculum designer was told to focus
only on the computer curriculum.

Focus on a Single Issue, then Expand it. Focus more than one point turns out to be out
of focus. Everyone tries to maximize contents into time slots rather than focusing on the
ultimate goals first and then extending what to do in details. For example, the focal point
of curriculum at level 1 (primary level 1: grades 1–3) is defined as “unplugged”. It means
that students can solve real-life problems by algorithm without computers or devices.
An example to represent outcomes is “student can describe directions from home to
school with his/her reasons.” It implies how to implement design thinking and critical
thinking with the “unplugged” information technology into the curriculum. Focuses of
other levels (grades 4–6, 7–9 and 10–12) are “daily life”, “primary data”, and “secondary
data”, respectively. Focus on a single issue with further expansion can make the goal of
curriculum more understandable and more precise.

Explicitly Emphasis on Goals. A goal must be explicitly written in the curriculum; oth-
erwise, it could not be effective. For example, if the goal is about the integration and
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problem solving, it is not possible to just talk about IT topics. Therefore, many ICT-
related social issues such as fake news and IT laws, are introduced in the computing
science class. Previously, these topics were not included in the ICT class. They were
more likely be placed in a social science class. However, it is now in the computing sci-
ence curriculum because it will be more beneficial to build innovative and collaborative
thinking to use ICT as parts of solution to the real-world problems than just pure ICT
classes.

Design Based on Possible Resources. Resource availability is one of themost important
issue to the success of curriculum deployment. The resources in this case includes class
hours, teachers, course materials. Moreover, the resource conflict among users in the
system should be avoided; otherwise, the curriculum would be rejected.

Curriculum. The curriculum has been deployed since 2007. The curriculum is activity-
based, which is responded to the PISA. The activities in the curriculum emphasize
on computational thinking and coding. Various platforms of software and IoT can be
selected by schools.

The computing science curriculum is separated into 4 grade levels: level 1 primary
education grades 1–3 (grades 1–3), level 2 primary education grades 4–6 (grades 4–6),
level 3 secondary education grades 1–3 (grades 7–9) and level 4 secondary education
grades 4–6 (grades 10–12).

The computing science curriculum has three underlying principles: computational
thinking, ICT digital technology and digital, media and information literacy.

Computational Thinking. Acquired analytical, synthetic, constructive, critical and sys-
tematic thinking skills, leading to creation of bodies of knowledge or information for
everyday life decision-making regarding oneself and society.

ICT Digital Technology. Acquired knowledge of current technologies and have ability
to choose and apply them appropriately and ethically.

Digital, Media and Information Literacy. Ability to differentiate fake news and opin-
ions from real news. Aware of cybersecurity and privacy issues.

Some extra design concepts from the above principles are listed as follows.

Technology Class. The computing science was not proposed as a science class, but the
new section curriculum called “technology.” To avoid name conflict of class with other
science class, it is named only “computing.” The concept of computing is about design
thinking while using computer technology as a major tool.

Knowledge Integration. To use computing science as a thinking method to solve real-
world problem is one of ultimate goals. Many tasks and activities in this class is designed
from problems in other subjects. STEM concept is also used in the class implementation.

Extensible Design Concept. By the user experiences, the focus points of all four groups
are “unplugged”, “daily life”, “primary data”, and “secondary data”.
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The unpluggedwas designed fromperspective that the student is still very young, and
the computing should be the understanding about themselves, thinking and reasoning
on their daily life, and presenting or explaining in step by step.

The “daily life” was about how they use computer technology in their daily life, such
as searching in the Internet, using online tools, making documents by office software.
This group of students becomes familiar with computer technology. A huge number of
students have own cell phones even though it is suggested that an under-13 student should
not be online. However, dangers of being online has much higher risks. Teaching the
risks and how to protect themselves online becomes an important issue in the curriculum.

The third group is the most important to the success of the curriculum. The “primary
data” is designed for the junior high students to focus on how they generate primary data
rather than what kind of technology they should learn or what programming language
skill they should have. The knowledge society will become successful if the society
have new knowledge to make new products or new services. Quality data would become
quality knowledge. The body of knowledge includes the data processing issues, such
as data sensors, data collection, IoT, basic programming, data privacy, copyright and
patents, computer and data security, IT laws, etc.

The “secondary data” is designed for senior high student to use their knowledge
and programming skills to further build real world application. Students was much less
interested in this class since it was not a part of national entrance exam, the class is only
appeal to some students who are seriously into computer science and its related tech-
nology. Therefore, any very important contents should not be included here. Advanced
issues in computing such as AI and data science are also introduced. Datasets are not
necessary built by themselves but acquired from others via computing technology. Stu-
dents are expected to use computing skill and knowledge from other subjects to solve
more complex problems from the secondary data sources.

Tools are Selective. Tools are not restricted. Teachers can use any kinds of technolo-
gies, programming languages, software packages, operating systems, PC, tablet devices,
etc. For example, data collection can be done in paper or online questionnaires. PC is
necessary only in a programming skill training class. Python programming language
is recommended but not restricted. These are about avoiding problems of resource
availability.

Technology Upgrade. Although computer science concept does not change much, the
IT technology changes rapidly. New applications such as smart farm, Artificial Intelli-
gence, Internet of Thing, online learning, collaborative tools become the main streams
of attentions rather than the office software.

Curriculum Deployment. The curriculum has been deployed throughout the country
in 2007. The overviewof the curriculum is shown inTable 2. Success of curriculum is still
too early to determine since it is still at an early stage of implementation. Obstructions
from the resource availabilities, resource conflicts are negligible. The initialization of
the deployment was comfortably successful. There were much less resistances. The total
teaching hour in the class schedule was not changed. It is still the same as teaching time
in the ICT curriculum. The number of teachers is still inadequate due to a graduate with
skill in computing is likely to work on other jobs rather than teacher.



34 P. Piamsa-nga and Y. Poovarawan

Table 2. Example of user experience and its effects.

Level 1 2 3 4

Grades 1–3 4–6 7–9 10–12

Concept
keyword

Unplugged Daily life Primary Data Secondary Data

Example of
skills

Explain the
direction from
home to school
with reasoning

Use computer and
the Internet to do
daily activities
such as searching
data and making
documents

Collect data from
various tools such
as basic
questionnaire or
IoT and write a
program to do
basic control

Use available data
to solve the
real-world
problem by
computer
programming

Computer
science
knowledge

Basic problem
solving

Use logic in
problem solving

Use programing to
solve problems

Apply more
advanced
computing
technology with
knowledge from
other subjects to
solve real-world
problems

ICT Skill to use basic
ICT tools

Search data
sufficiently and
assess its
correctness

Collect, analyze,
assess, present data
and information

Digital
literacy

Protect their
private data

Understand rights
and
responsibilities on
data usage

Use ICT with
responsibility and
understand basic
IT laws and ethics

Example of
learning
platforms

Unplugged
activities

Basic office
software tools on
available
computer
platforms

Designed lab with
various tools such
as KidBright

Programming
with provided
data sources

Since the technology mentioned in the curriculum was not strictly selected, there
are many choices for each technology. The class-material resources such computing
equipment and software are also less required. Many learning platforms, such as Cod-
ingThailand.org [4] and KidBright [10], have been developed in conjunction with the
curriculum deployment. Unplugged programming and Coding are very effective and
requires much less resources. Young students pay more attention to the unplugged activ-
ities than those in the previous curriculum and teachers also do not need extra training
[9]. Coding becomes trendy. It is easy for school to develop IoT or programming class
since tools, devices and teaching material are much easier to access or acquire.

5 Conclusions

In this paper,we describe to use of user experience as a part of the curriculumdesign.User
experience design and analysis is a process in computer science to develop software and
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system based on how the users think of when they use and how they react to the system.
It brings about the understanding of projecting obstruction, which can be avoid before
the implementation. In the case of curriculum, the users in this case are composed of
students, teachers, and administrators. The issues in the analysis that must be taken into
consideration are resource availability, resource conflict, and implementation method.
The design of new curriculum must learn from the UX analysis of all stakeholders.

The case study demonstrates the development of computing curriculum in the basic
education in Thailand. The ICT curriculum has been proposed to include as a science
subject of basic education. The proposal was rejected, and it ended up being a voca-
tional class. After analyzing on the user experience, the new curriculum design, namely
“computing science”, is successfully adopted as a core class in current basic education.
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Abstract. Advances have been made in personalised learning by the develop-
ments in learning analytics, where useful information can be extracted from edu-
cational data and analysed to devise personalised learning solutions. This paper
presents a reviewof the literature in this area, covering a total of 144 relevant empir-
ical articles published between 2012 and 2019 collected from Scopus. It identifies
the patterns in the use of learning analytics to personalise learning in terms of the
environments (what), stakeholders (who), objectives (why) and methods (how).
The results show a clear growth in the number of practices, and diversity in terms of
the learning contexts where learning analytics was implemented; the types of data
collected; the groups of target stakeholders; the objectives of learning analytics
practices; the personalised learning goals; and the analytics methods. The findings
also reveal the emergence of practices related to the teacher perspective and some
areas which have not been fully addressed, such as personalised intervention for
future work.

Keywords: Learning analytics · Personalised learning · Adaptive learning ·
Personalisation

1 Introduction

Personalisation is a focus in contemporary educational practices. It refers to the tailor-
ing of learning “for each student’s strengths, needs and interests—including enabling
students’ voices and choices in what, how, when and where they learn—to provide flexi-
bility and supports to ensure mastery of the highest standards possible” [1]. In contrast to
the conventional “one-size-fits-all” education system, in personalised learning the ways
of learning and teaching, as well as assignments and assessments, take into account
learners’ individual differences and needs.

Learning analytics has been adopted as amajormeans for implementing personalised
learning [2]. It refers to “the measurement, collection, analysis and reporting of data
about learners and their contexts, for purposes of understanding and optimising learning
and the environments in which it occurs” [3]. With the vast amount of educational data
available, new learning analytics approaches have been developed to contextualise the
invisible data and improve students’ learning experience [4]. The benefits of learning to
use analytics have beenwidely reported in relevant initiatives, such as providing real-time
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feedback based on students’ individual progress [5]; recommending themost appropriate
materials to fit students’ learning proficiency [6]; and dismantling the barriers to lifelong
personalised learning [7].

Despite plenty of initiatives on utilising learning analytics for personalising learning,
they have yet to be systematically surveyed and reviewed. Related reviews have focused
more on the use of other technologies in personalised learning, such as mobile devices
and social media [8], or specific aspects of learning analytics, such as interventions [9].
There is therefore a need to review the relevant work in this area.

This paper examines empirical cases of personalised learning through the use of
learning analytics. It includes a total of 144 cases published in the period 2012 to 2019.
The review covers the data and environment, relevant stakeholders, objectives, andmeth-
ods of learning analytics, in order to examine the relationship between the use of learning
analytics and personalised learning.

2 Literature Review

Personalised learning, as an umbrella term, covers a range of related concepts such
as adaptive learning, a flexible learning environment, individualisation, and student-
centeredness. The personalisation of learning usually takes into account students’ back-
ground, learning objectives and preferences. Educational data therefore serve as a vital
source of information for personalised learning practices [4]. Santo et al. [10] pointed
out that factors, such as effective detection of students’ contextual and personal data,
are important for a better understating of their individual learning needs. Chatti et al.
[11] also stressed that personalised learning solutions which adopt learning analytics
can provide students with the learning paths that suit their individual needs or learning
resources that reflect their preferences.

There has been a broad range of personalised learning initiatives based on learning
analytics for various purposes—such as providing personalised recommendations (e.g.
feedback, learningmaterials and learning paths) [12]; monitoring students’ process [13];
providing personal assessment [14]; and predicting students’ learning outcomes [15].
These data-driven personalised learning practices have been shown to benefit various
stakeholders. For example, students can improve their learning experiences and learning
outcomes [15], and teachers can modify their teaching plans to enhance teaching effec-
tiveness [16]. Also, institutions and administrators can review and improve their courses
and programme designs [17], and system developers can also develop learning systems
which are more suitable for students [18].

However, related reviews have yet to address specifically the adoption of learning
analytics to achieve personalised learning. Some of the reviews have covered other
types of educational technologies. For example, Berge [19] reviewed the use of mobile
devices for enabling learners to choose what, where and how to learn. Also, Scott et al.
[20] examined the work on 3D technologies for developing an adaptive virtual learning
environment. The literature reviews on learning analytics have focused mainly on its
overall practices. For instance, Li et al. [21] analysed the patterns and trends of learning
analytics in higher education institutions in Asia, and Wong [22] presented a systematic
review of the benefits for higher education. In view of such limitations, there is a need
to survey relevant work on personalising learning with the aid of learning analytics.
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3 Methodology

This paper aims to identify the patterns in the use of learning analytics for achieving
personalisation in educational practices. Related articles published between 2012 and
2019 were collected from Scopus, using the set of keywords [(“personalization” OR
“personalized” OR “adaptive”) AND “learning analytics”]. Initially, 2,682 articles were
found. Each of them was further checked to select those which match the inclusion
criteria, namely that they (1) were written in English with the full paper accessible, and
(2) involved an empirical practice of learning analytics for personalised learning. A total
of 144 articles were finally selected for the review. Figure 1 presents the number of
articles over the years.

The learning analytics articleswere coded according to theLearningAnalyticsRefer-
ence Model proposed by Chatti et al. [11]. The model covers four aspects of the learning
analytics practices, viz.

i. What – learning context, learning environment, and data collected
ii. Who – stakeholders
iii. Why – objective of learning analytics, and personalised learning goal
iv. How – learning analytics method.

The patterns of the learning analytics were generalised based on these four aspects.
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Fig. 1. Number of related articles in various years

4 Results

4.1 What

Learning Context. Figure 2 shows an overview of the learning contexts in the learn-
ing analytics practices over the years. In general, a majority of these practices were
implemented in formal learning contexts, in particular in tertiary education, followed
by informal learning contexts in the form of online learning such as MOOCs. In recent
years, primary and secondary education, as well as professional learning (e.g. teacher
professional development), have emerged as contexts for learning analytics practices.
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Fig. 2. Learning contexts of the learning analytics practices

Learning Environment. Figure 3 presents the distribution of learning environments for
the learning analytics practices. There has been a clear trend for the learning environ-
ments to have become more diversified with the increasing number of practices over the
years. The online learning systems (developed specially for the learning of specific con-
tents) and learning management systems are the environments most frequently adopted
in the practices. This is followed by the classroom environments—online (MOOC)
or offline (face-to-face classroom). Other environments—intelligent tutoring systems,
learning apps, social media and educational games—have emerged in the practices in
recent years.
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Fig. 3. Learning environments of the learning analytics practices
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Data Collected. Figure 4 shows the types of data collected for the learning analytics
practices. The largest proportion of data (i.e. 39%) lay in those reflecting the learning pro-
cess (e.g. log data, times of attempt, and quiz responses in online learning systems). Alto-
gether, nearly half of the types of data used in the practices were contributed by the learn-
ers’ academic performance (e.g. scores and quiz results); educational backgrounds (e.g.
examination scores in prior studies, learning styles and learning preferences); learning
outcomes (e.g. completion rates); demographics; and profiles.
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Fig. 4. Types of data collected in the learning analytics practices

4.2 Who

Stakeholder. Figure 5 presents the target stakeholders in the learning analytics prac-
tices. Students and teachers have been the stakeholder groups that have dominated the
practices throughout the years. Only in some practices have the needs of educational
administrators, researchers and system developers been addressed.

4.3 Why

Objective of Learning Analytics. Figure 6 shows the objectives of the learning analyt-
ics practices. As expected, personalising the learning experience was the most common
objective. Other than that, a number of the practices also targetedmonitoring the learning
process, predicting students’ individual learning outcomes, and providing personalised
assessment. There were also practices which addressed the teachers’ perspective, with
the objectives of assisting the development of teaching plans and examining teaching
effectiveness.
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Fig. 6. Objectives of the learning analytics practices

Personalised Learning Goal. Figure 7 summarises the personalised learning goals
through the practices of learning analytics. The provision of personal recommenda-
tions (e.g. learning paths, resources, feedback and study fields) and the satisfaction of
learners’ personalised learning needs were the two major goals shown in the practices.
There were also other diverse goals, such as coping with learners’ learning styles and
monitoring their learning outcomes.

4.4 How

Learning Analytics Method. Figure 8 provides an overview of the analytics methods
used in the practices. The use of common statistical tests (e.g. ANOVA, correlation,
and regression) was the most frequent way, followed by the adoption of classification,
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clustering, and visualisation techniques. Altogether, these four major types of analytics
methods were used in about 70% of the practices. There were a number of specific
analytics methods used in a small proportion of the practices, such as content analysis,
social network analysis, and sparse factor analysis.
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Data mining
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Content analysis
3%

Social network analysis
2%

Predictive analytics
2%
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1% Item analysis

1%
Lexical analysis

1%

Fig. 8. Types of analytics methods used in the learning analytics practices

5 Discussion

The results of this study indicated that learning analytics has become increasingly preva-
lent in personalised learning practices. The findings also revealed the patterns of the
learning analytics practices in this regard.
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There has been a clear trend for a growth in the practice of learning analytics in a
broad range of learning contexts. In particular, learning analytics has demonstrated its
potential to help in tackling the challenges in informal online learning such as MOOCs,
for which the completion rates are known to have been very low in general [23]. The use
of learning analytics has benefited from the enormous amount of data available in the
online learning environments, particularly the data generated during the learning process
which, as shown in this study, was the most frequent type of data collected. In return,
the data facilitated the provision of personalised learner support [24].

Students and teachers have been the two major groups of target stakeholders
addressed in the learning analytics practices. As shown in the results, students may
benefit from personalising learning in terms of having a better understanding of their
performance comparedwith the overall performance of other students [25], and receiving
personalised learning resources, learning paths and feedback [26]. From the teachers’
perspective, by monitoring students’ individual learning processes and outcomes, they
are informed about the knowledge gaps of each student and are able to provide suitable
interventions [16]. The data-informed practices also help teachers to prepare curricula
which are suited better to students’ needs [26].

There has been a broad range of objectives for the learning analytics practices. Other
than personalising the learning experience, which was mentioned most frequently in the
articles, several other objectives have also emerged in recent years. These have included
the continuous monitoring of the learning process; prediction of the learning outcomes
from unobservable data; and early identification of student needs. They also revealed the
recent advances in data tracking and analysis techniques which enabled such objectives
to be achieved [17, 27].

Our results also indicated a diversity of analytics methods utilised in the practices.
The more frequent ones include both conventional statistical techniques (e.g. descriptive
statistics, regression, correlation and ANOVA) and predictive techniques such as classi-
fication (e.g. decision trees, random forest, support-vector machines and the Bayesian
network) and clustering (e.g. K-means). The predictive techniques were applied for tasks
such as predicting dropout rates [16], classifying learning behaviours [28], and estimat-
ing learning progress [29]. Besides, visualisation was also a relatively popular learning
analytics method, which enabled students and teachers to track learning progress and
adjust learning and teaching plans accordingly [13].

The range of relevant work reviewed in this study, however, seldom addressed inter-
vention—the final stage of the learning analytics cycle, following the tracking and anal-
ysis of data as well as the generation of insights based on the analysis [30]. This relates
to the finding byWong and Li [9] that intervention has been a great challenge in learning
analytics and is yet to be widely implemented. In the context of personalised learning,
such a challenge is also revealed by the lack of learning analytics practiceswhich focused
on the provision of personalised intervention for at-risk or underachieving learners. This
is a potential area to be addressed in future work.

6 Conclusion

This paper presents a comprehensive review of the learning analytics practices which
aimed to personalise learning. The results contributed to revealing the patterns of learning
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analytics practices in this area. They showed a clear trend for a growing number of prac-
tices, and diversity in the learning contexts where learning analytics was implemented;
the types of data collected; the groups of target stakeholders; the objectives of learning
analytics practices; the personalised learning goals; and the analytics methods.

The results also suggest potential areas for future work. There has been an emerging
focus of learning analytics practices on the teachers’ perspective. Other than the goals,
such as developing better teaching plans and assessing teaching effectiveness as shown
in the existing practices, the provision of personalised intervention for at-risk or under-
achieving students is an area which has not been adequately addressed. Besides, the
interoperability between learning analytics and other means of achieving personalised
learning (such as the flipped classroom and artificial intelligence, as reviewed in Li and
Wong [2]) is another area which has yet to be adequately examined. Further efforts
devoted to these areas would help to develop more effective and sustainable approaches
to personalised learning.
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Abstract. Nowadays, students, especially whose majors are practical subjects
such as tourism and hospitality in tertiary education, are not interested in ways of
learning knowledge through classroom learning. Online Gamified Learning Plat-
forms (OGLPs) are helpful for tertiary education and adult learning, especially for
courses involves practical skills. This research aims to identify factors that have
significant impacts on tourism and hospitality students to choose OGLPs as their
learning tool. This research is based on the Unified Theory of Acceptance and Use
of Technology (UTAUT) model. According to the conditions of OGLPs, a new
variable ‘perceived playfulness’ is added and also combined with other theory
with variables ‘knowledge improvement’, ‘engagement’, and ‘immersion’. 272
valid data were collected through questionnaires survey. Data analysis was per-
formed by adopting SmartPLS. The results of the research implied that knowledge
improvement, engagement, and immersion influence expectancy of performance
and effort. The study has verified the applicability of UTAUTwith concepts of fun
and learning on studying the tools for gamified learning and participatory learn-
ing approaches. It also offers some recommendations for developers of OGLPs to
optimize the design of OGLPs as well as a new model for studying the gamified
learning and participatory learning approaches.

Keywords: UTAUT · Gamification · Online gamified platform · Perceived
playfulness · Knowledge improvement · Engagement · Immersion

1 Introduction

The rapid development and growth of technologies have become popular issues and
affect our daily lives. The use of technology benefits a lot of areas for example in edu-
cation; and varies of mobile apps and computerized platforms are commonly available
for educational purposes these days thanks to high-speed internet access. Thence, some
educators are probing methods to motivate students using different kinds of mobile tech-
nologies with internet access for replenishing traditional classroom learning. Especially
in some education fields with practical knowledge in tourism and hospitality education
are valuable of bridging the divide between academic knowledge and practical skills as it
includes practical knowledge among all education disciplines. However, it’s been tough
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to stimulate students’ interest as well as motivate them in tourism and hospitality educa-
tion. Traditional learning approaches are supposed to lack motivation and effectiveness
for learning. Though educators devote themselves to enhance the learning approaches,
it’s known that schools still have troubles increasing student’s learning motivation and
engagement [1]. Maier and Thomas [2] suggested that online learning platforms bring
higher efficiency to most students comparing to traditional classroom design. Filippou,
Cheong, and Cheong [3] also recommended gamified learning methods for establishing
online learning platforms. They mentioned that gamified learning does better in balance
learning and fun than games itself or as entertainment. This kind of online learning
platforms is referred to as Online Gamified Learning Platforms (OGLPs), and it is a
new concept for education which involves practical learning. To improve OGLPs for
related education discipline, the games designed should include more business learn-
ing and practical knowledge in real-life. Therefore, it’s necessary to identify the factors
to implement implementing OGLPs education successfully. Since this study aims to
find out the factors those conduce students to accept online gamified learning activi-
ties, this study applies UTAUT model which has four variables including performance
expectancy, effort expectancy, social influence, and facilitating conditions. It ismore suit-
able to test the acceptance of technology and examining the factors influencing students’
behavioural intention (BI) toward using OGLPs. In this research, perceived playfulness
will be added as another variable and it represents whether students enjoy the game-like
learning activities. Other antecedent variables (knowledge improvement, engagement,
and immersion) will also be tested. This study also provides solid recommendations for
educators to deliver satisfied game-like learning experiences to students successfully. It
offers a new model for understanding the gamified learning for practical knowledge.

2 Literature Review

2.1 Gamification and Education

Kapp, 2012 defined gamification is using game-based mechanics, aesthetics and game
thinking to engage people, motivate action, promote learning, and solve problems. Gam-
ification refers to service design aimed at providing game-like experiences to users,
commonly with the end-goal of affecting user behaviour [4]. The game has become a
common language to bring people together in different aspects with different kinds of
game design [5]. A lot of game techniques and elements like points, insignias, leader
boards, rewards, rankings, quests, challenges, and virtual loops, were developed by the
concept and application of gamification. Dominguez et al. [6] mentioned the positive
side of gamification is to facilitate in the process of the selected situation into a gami-
fied experience, by combining the game factors, and letting participation become more
interesting and more playfulness. Gamification has become more and more important in
business and marketing areas, and has attracted the attention of academics, educators,
and practitioners recently from many different areas and also extended into the area of
in learning [7].

Gamification education is not a new concept; however, it has been more prominent
when combining with technology. Seaborn and Fels suggested that education, the term
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“gamification” refers to digital game-based learning (DGBL) and serious games in gen-
eral [7]. In addition, “Gamification” refers to use games as a channel to engage and
motivate people to learn and practice how to solve problems in the real world [8]. Maier
and Thomas suggested that online learning platforms involved more efficient to learn in
practical knowledge for most students over traditional classroom settings [2]. Recently
more and more learning platforms, especially online platforms, used gamification as
one of the methods to motivate participants’ interest and also learn practical skills more
easily, even participants with different backgrounds. For example, students are able to
utilise the platform of the vocational and professional education and training in Hong
Kong (VPET City) to execute flexible learning as well as competency-based and task-
oriented instructional strategies [9]. It motivates students to learn practical skills through
online gamified methods, for example, Front office operations. In this research, a similar
platform is proposed with more gamified elements to raise the participants’ interest and
learn practical skills in kitchen production. Also, another example is a brand new lan-
guage learningmobile appDROP launched in 2018. It is a game-based language learning
app and became one of the most popular language-learning apps by having more than
10 million downloads all over the world because of their game-based, interesting, and
motivated learning approach [10]. Figure 1 shows an example of OGLPs.

Fig. 1. An example of OGLPs

2.2 The Unified Theory of Acceptance and Use of Technology (UTAUT)

UTAUTwas introduced to explain how people adapt to new technology and their further
behaviours [11]. In the original UTAUTmodel, four key factors, including Performance
Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), and Facilitating Condi-
tions (FC) were identified and widely used in recent studies. PE refers to the expectancy
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of people who uses the new system can increase their performance; EE refers to the
expectancy of people how much efforts they need to put to use the new system; SI refers
to how importance which people use the new technology or not in the social community;
FC refers to how well technology organizations and infrastructure support their users
when they use the new technology [11]. Using UTAUT to test new technology has been
used in online platform already. UTAUT model has been used to test the adoption of
mobile tour guide [12] and also the to the acceptance of mobile banking [13]. However,
when considering the situation of this research like the interaction and game elements
of this new technology, this study proposed to add new factors to modify the original
UTAUT model.

In recent studies, additional factors were added to enrich the understandings of
UTAUT. For example, Webster & Martocchio defined “Perceived Playful-ness” (PP) as
an individual’s tendency to interact spontaneously, inventively and imaginatively with
computer [14]. In the previous research, researchers tested the relationship between
perceived playfulness and usage behaviour on mobile apps [15]. Thus, this study adds
PP to the UTAUT to understand whether it significantly impact the BI. In addition, the
research in playfulness has been related as a result of fun and cognitive immersion [16].
The results of Filippou, Cheong, & Cheong’s study showed that there are relationships
among knowledge, engagement, usefulness and immersion [3]. Immersion refers to
the degree of which people involved in the game’s study and the game’s strategies; and
engagement refers to the engagement people gains when they are playing the games with
enjoyment and interact with the game mechanism [17]. Knowledge improvement refers
to whether students perceive their knowledge has been improved or not by adapting the
gasified tool [3]. This research tests the relationship between knowledge improvement,
immersion, and engagement as antecedent variables with performance expectancy, effort
expectancy, and perceived playfulness.

In recent years, a lot of efforts are put on optimising the learning methods by edu-
cators while most of them have difficulties in motivating and engaging their students in
the schools [1]. User motivation, engagement and enjoyment in non-gaming, computer-
mediated environments are enhanced by developing gamification according to previ-
ous work. The concept of gamification is valued in different areas in education though
the term of it might vary. One of the contributions on the study is to use the UTAUT
model which related to acceptance of technology and other elements such as knowl-
edge improvement, immersion, engagement, and perceived playfulness to create a more
systematic and up to date approach to test the relationship and behavioural intention of
participants for gamification in the education field by using online platforms.

3 Research Hypothesis

This research developed a model to measure students’ preference on adapting gami-
fied methods to learn, plus identify factors which affect their perception of using those
methods. At a high-level, two different concepts: fun and learning are combined in the
model combines. The constructs of Perceived playfulness, Immersion, and Engagement
are included in the area of fun while the construct Knowledge improvement is included
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in the area of learning. The followings explore these constructs further and their con-
nections among each other, which consists of the construction of the conceptual model
eventually.

As mentioned previously, this study aims to use the UTAUT model to explain user
behavioural intentions towards adopting new technology. As one of the key factors on
university students’ Behavioural intention (BI) to apply OGLPTs for studying practical
knowledge, Perceived playfulness conduce significant impact like the other four con-
structs (PE, EE, SI, and FC). Knowledge Improvement, Engagement, and Immersion
are proposed to be the antecedent factors which affect the students’ attitude towards PE,
EE, and PP while EE is suggested to be the antecedent factor of PE and PP. Figure 2
shows the research model. Sixteen research hypotheses are listed below:

H1 Performance expectancy of online gamified learning platforms has a positive
effect on Behavioural intention.

H2 Effort expectancy of online gamified learning platforms has a positive effect on
Behavioural intention.

H3 Social influence of online gamified learning platforms has a positive effect on
Behavioural intention.

H4 Facilitating conditions of online gamified learning platforms have a positive effect
on Behavioural intention.

H5 Perceived playfulness of online gamified learning platforms has a positive effect
on Behavioural intention.

H6-1 Knowledge improvement of online gamified learning platforms has a positive
effect on Performance expectancy.

H6-2 Knowledge improvement of online gamified learning platforms has a positive
effect on Effort expectancy.

H6-3 Knowledge improvement of online gamified learning platforms has a positive
effect on perceived playfulness.

H7-1 Engagement of online gamified learning platforms has a positive effect on
Performance expectancy.

H7-2 Engagement of online gamified learning platforms education has a positive effect
on Effort expectancy.

H7-3 Engagement of online gamified learning platforms has a positive effect on
perceived playfulness.

H8-1 Immersion of online gamified learning platforms has a positive effect on
Performance expectancy.

H8-2 Immersion of online gamified learning platforms has a positive effect on Effort
expectancy.

H8-3 Immersion of online gamified learning platformshas a positive effect on perceived
playfulness.

H9-1 Effort expectancy of online gamified learning platforms has a positive effect on
performance expectancy.

H9-2 Effort expectancy of online gamified learning platforms has a positive effect on
perceived playfulness.
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Fig. 2. Research model

4 Methodology

Quantitative methods are research techniques that are used to gather quantitative data
or information dealing with numbers and anything that is measurable [18]. This study
utilised theUTAUTmodel as the base theoretical model. Thismodel was evaluated using
a series of quantitative data analysis steps that best explain the predominant phenomena
of the collected data. This study also aimed to test a set of hypotheses to understand and
study the effects among the different constructs. Therefore, a quantitative approach was
an appropriate method for this research.

4.1 Survey Design

This study used a questionnaire survey. The measurable items of the questionnaire bor-
rowed from previous studies. The main survey and data analysis were a vital part of the
whole study. The first part of the survey consists of 44 questions of the constructs. The
second part of the survey consisted of 3 demographic questions to the respondents. The
measurable items were the base of the survey and it consists of items from the UTAUT
model with Perceived playfulness, Immersion, and Engagement and Knowledge added.

4.2 Date Collection

Apilot testwas conductedwith twenty questionnaires; the questionnaire has been revised
based on the comments from respondents for official research. The researchers delivered
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the questionnaires to tourism students face to face in Macao University of Science and
Technology and the City University of Macao, both Tourism related faculty. There were
300 questionnaires distributed via university students mentioned above in October 2019.
272 data were valid and analysed via SmartPLS software.

5 Findings

5.1 Overview of Survey

Among the 272 respondents, 60% of them are female students. Majority of the students
are university’s senior-year students (37%). 34.5% of them are 20 years old, while 4%
of them are 22 years old.

A 7-point Likert-type scale was applied for the questionnaires. The mean scores of
PE, EE, SC, FC, PP, KN, EG, IM, and BI are ranged from 4.89 to 5.84. Comparing to
other 8 contracts, IM got the lowest mean; the mean of IM-4 “I changed my feeling for
the meaning of time while playing the game” is 4.89, and IM-3 “I temporarily forget
worries about everyday life while playing the game” is 4.92. Table 1 illustrates the mean
and standard deviation scores of the nine constructs.

Table 1. Mean and Standard Deviation (S.D.) of measurable items

PE1 PE2 PE3 EE1 EE2 EE3

MEAN 5.518 5.445 5.426 5.787 5.842 5.809

S.D. 1.011 1.063 1.023 1.108 1.082 1.138

SC1 SC2 SC3 FC1 FC2 FC3

MEAN 5.290 5.199 5.044 5.162 5.243 5.566

S.D. 1.095 1.136 1.169 1.139 1.157 1.217

PP1 PP2 PP3 KN1 KN2 KN3

MEAN 5.684 5.691 5.669 5.566 5.327 5.551

S.D. 1.186 1.118 1.135 1.083 1.188 1.063

KN4 KN5 EG1 EG2 EG3 EG4

MEAN 5.452 5.574 5.57 5.46 5.419 5.235

S.D. 1.149 1.096 1.226 1.153 1.173 1.244

EG5 EG6 IM1 IM2 IM3 IM4

MEAN 5.349 5.096 5.136 4.926 4.915 4.893

S.D. 1.286 1.283 1.216 1.270 1.139 1.234

IM5 IM6 BI1 BI2 BI3

MEAN 5.136 5.004 5.812 5.721 5.768

S.D. 1.194 1.220 1.017 1.062 1.122
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5.2 Reliability and Validity

As shown in Table 2, reliability is tested by Cronbach Alpha and Composite Reliability,
and the convergent validity is evaluated using Average Variance Extracted (AVE).

Table 2. Average Variance Extracted (AVE), Composite Reliability, and Cronbach’s Alpha

AVE Composite
Reliability

Cronbach’s Alpha

PE 0.724 0.887 0.809

EE 0.767 0.908 0.849

SC 0.779 0.872 0.695

FC 0.634 0.838 0.711

PP 0.807 0.926 0.880

KN 0.587 0.876 0.824

EG 0.551 0.880 0.838

IM 0.568 0.887 0.847

BI 0.832 0.937 0.899

Furthermore, Table 3 shows the latent variable correlations; 7 out of 9 constructs
are having correlation values lower than 0.85 which indicate reasonable and acceptable
correlations among them.

Table 3. Latent variable correlations analysis

BI EE EG FC IM KN PE PP SC

BI 0.912

EE 0.439 0.876

EG 0.554 0.483 0.743

FC 0.539 0.388 0.499 0.796

IM 0.480 0.292 0.660 0.496 0.753

KN 0.625 0.585 0.721 0.590 0.539 0.766

PE 0.561 0.499 0.479 0.587 0.456 0.583 0.851

PP 0.626 0.505 0.697 0.555 0.584 0.687 0.494 0.898

SC 0.517 0.388 0.468 0.517 0.413 0.559 0.644 0.447 0.834

Remark: AVE - average variance extracted, Italic font - square-root of AVE
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5.3 The Unified Theory of Acceptance and Use of Technology (UTAUT)

To assess the significance of the path coefficients among these nine constructs, the
researchers carried out a bootstrapping analysis in SmartPLS with 272 responses to
5000 samples. According to the SmartPLS results, the p-values of PE, SC, FC, PP and
KN are less than 0.05. As a result, H1, H3, H4, H5, H6-1, H6-2, H6-3, are supported. For
EG, onlyH7-2 andH7-3 are supported.While for IM, onlyH8-1 andH8-3 are supported.
H7-1 from EG and H8-2 from IM are neglected because its p-value is over 0.05. For EE,
H9-1 and H9-2 are supported but it is neglected on BI due to its p-value is over 0.05. The
results of the Partial Least Squares Structural Equation Modeling (SmartPLS) is shown
in Table 4 and Fig. 3.

Table 4. Results of SmartPLS analysis

Beta value p-value

H1 Performance expectancy → Behavioural intention 0.179 0.001 Accepted

H2 Effort expectancy → Behavioural intention 0.053 0.314 Rejected

H3 Social influence → Behavioural intention 0.146 0.005 Accepted

H4 Facilitating conditions → Behavioural intention 0.131 0.020 Accepted

H5 Perceived playfulness → Behavioural intention 0.373 0.000 Accepted

H6-1 Knowledge improvement → Performance expectancy 0.343 0.000 Accepted

H6-2 Knowledge improvement → Effort expectancy 0.507 0.000 Accepted

H6-3 Knowledge improvement → Perceived playfulness 0.292 0.000 Accepted

H7-1 Engagement → Performance expectancy −0.037 0.631 Rejected

H7-2 Engagement → Effort expectancy 0.186 0.029 Accepted

H7-3 Engagement → Perceived playfulness 0.292 0.000 Accepted

H8-1 Immersion → Performance expectancy 0.222 0.000 Accepted

H8-2 Immersion → Effort expectancy −0.104 0.153 Rejected

H8-3 Immersion → Perceived playfulness 0.194 0.009 Accepted

H9-1 Effort expectancy → Performance expectancy 0.252 0.000 Accepted

H9-2 Effort expectancy → Perceived playfulness 0.137 0.014 Accepted

To sum up, based on the reports and theories above, Perceived Expectancy (PE),
Social Influence (SC), Facilitating Conditions (FC), and Perceived playfulness (PP)
affect the Behavioural Intention (BI) toward using OGLPs of university students sig-
nificantly as all hypotheses were supported. Knowledge improvement (KN) showed a
most significant influence in PE, EE and PP while some of the hypotheses of Effort
Expectancy (EE), Engagement (EG), and Immersion (IM) were not supported.
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Fig. 3. Results of PLS-SEM analysis

6 Discussion and Conclusion

Nowadays, technology is becoming an important tool in education, particularly in higher
education and vocational training that requires much more knowledge out of the text-
books. As visual reflection is a common language around the world, adopting mobiles
apps is a way for people of all ages and nationalities to learn practical knowledge more
efficiently, especially in industries which relate to service, such as hospitality service
training, property management, and so on. It is not only the most popular way in daily
communication but also a trend for people to pursue knowledge and skills more manage-
able and with higher motivation. In addition, online platforms have an advantage of not
limited yourselves in a physical environment with nonstop learning when facing special
occasion like 2019 Novel coronavirus SARI which affects daily life so much.

For the implications of this research, it uses theUTAUTmodel by SmartPLS software
to analyse university students’ BI toward applying OGLPs. It identifies factors which
have significant impacts on the BI of university students toward adopting OGLPs; In
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addition, the results of the research may facilitate industries of service to find out crucial
factors to improve staff’s flexibility, efficiency, as well service quality by using mobile
apps.

As mobile phone apps have been commonly used for many years already, EE is not
essential when people choose apps or platforms like OGLPs according to the research
results. Also, EG is not essential on PE because when people engaged in one issue, the
performance will not be an important consideration as it has a bonding already to the
apps.

Last but not least, Immersion is not essential for EE, because when people addicted
to one app, the level of effort will not be treated as an important consideration as they
will keep using it.

For the limitations of research, as the size of Macao is small, these results might
be inappropriate to make generalised conclusions on other countries based on current
research settings, and the education phenomenon was different from other areas in the
world. Future studies were recommended to perform to test the research model in other
regions and countries. In addition, this research added four new factors ‘Immersion’,
‘Knowledge Improvement’, ‘Engagement’ which act as antecedent factors and ‘Per-
ceived Playfulness’ had positive influences on acceptance of technology towards adopt-
ing an ODTSA for the tourists to arrange their travel. Future studies might be considered
adding other factors to investigate the relationship between the factors and the behaviour
intention toward using ODTSA.
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Abstract. The study collected the learningbehaviors of 179 adult learners, includ-
ing video learning, page document learning, assignment submission, and so on.
In order to find out the characteristics of online learning behavior of adult learners
and provide enlightenment for the improvement of online courses and learning
platformdesign, this paper adopts Lag SequentialAnalysis to explore the sequence
of learners’ behavior transformation. By comparing the behavioral transformation
sequence of adult learners with different efficiency, this paper explores the factors
influencing learning efficiency. The study found 92 kinds of significant behavioral
transformation sequences, reflecting the characteristics of adult learners, such as
task-oriented, active exploration and strong self-regulation ability. It is also found
that highly efficient learners prefer selective and fast playing pattern, while low
efficient learners prefer non-differentiated fast repetition of playing pattern. From
this we can get the enlightenment that is helpful to the design of learning platform.

Keywords: Learning analysis · Learning behavior sequence · LSA · The
learning efficiency · Learning platform

1 Introduction

With the continuous development of online education, various Internet enterprises have
set up platforms to provide learning opportunities for learners of all ages with various
learning needs. At present, most researches on online education, whether on the design
of online courses or the learning characteristics of online learners, they all focus on open
learning platforms such asMOOC(Chen et al. 2017a),Blackboard (Spivey andMcmillan
2014), LMS (You 2016) or learningmanagement platforms. The current studies of online
education, whether it is about the design of the online course, or online learners’ learning
characteristics, most of them focused on the open learning platforms MOOC or learning
management platforms such as Blackboard and LMS. In the learning platforms like
MOOCs, although the number of learners is huge, the drop-out rate is high (Yousef et al.
2015) and effective learners are few.

In China, the development of adult online education is in full swing. According
to the data of 2019H1 iresearch, higher education and vocational training have always
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been the market subject of online education in China, accounting for about 80% of the
total online education market[1]. In China, adult online education, such as vocational
training and skill learning, all rely on enterprises’ online learning platforms, while the
research on online education pays less attention to such learning platforms. Compared
with MOOCs and other open learning platforms, there are many unique features of
learning in enterprise online learning platforms. For example, due to the profitability of
enterprise online learning platforms, there aremany unique designs to ensure the learning
effect of learners. For example, theKGC learningplatform is an enterprise online learning
platform, which mainly aims at the skill learning of adults. This platform focuses on the
cultivation of practical ability, and does not take test scores as the evaluation standard
for learning effect. Instead, it advocates that learners save as much time as possible on
the premise of learning skills.

In addition, compared with the main learners of MOOC platform in school, the
working adults have strong self-control and clear learning goals. They have a stronger
demand for education and training in aspects such as improving their degree, and seeking
jobs. These two learning groups have great differences in learning motivation, goal
achievement and so on. This study focuses on the online learning platforms in enterprises
to explore the different learning characteristics of learners and the characteristics of their
behavioral transformation patterns.

2 Literature Review

Along with the learning behavior of learners in the learning platform is recorded, the
research of learners’ behavior, based on objective data, is becoming possible. In the
existing studies on learner behavior characteristics, researchers pay more attention to
the relationship between learning engagement, learning behavior pattern and learning
effect (Zhao et al. 2019; Le et al. 2019). The key point of these studies lies in the
representation of learning engagement, learning behavior patterns and learning effects,
and the methods used to analyze their relationship.

2.1 Learning Engagement Behavior

Limited by the data collected by the learning platform, most researchers use some learn-
ing behavior as a characteristic variable to represent learners’ learning engagement or
explore learning behavior patterns, and most of the characteristic variables used are cal-
culated from the perspectives of time and frequency. For example, Lust et al. (2013) used
the time spent by students in LMS on network lectures, network link, tests and other
contents as variables representing learning behaviors. Hung and Zhang (2008) used the
frequency of accessing course materials and the number of reading messages to indicate
the level of learners’ efforts. In addition, other studies have used the number of times
that learners used the login platform (Le et al. 2019; Healy et al. 2005), the number and
time of accessing resources (Morris et al. 2005), the total number of times that learners

1 I Research page, https://www.iresearch.com.cn/Detail/report?id=3452&isfree=0, last accessed
2020/2/19.

https://www.iresearch.com.cn/Detail/report?id=3452&amp;isfree=0


A Sequential Analysis on the Online Learning Behaviors of Chinese Adult Learners 63

visited the course (Asarta and Schmidt 2013) and so on, to reflect learners’ learning
engagement behaviors. These single behaviors are relatively coarse-grained data, which
can hardly reflect learners’ cognitive engagement level in detail. These single behaviors
reflect learners’ learning engagement and learning behavior characteristics rather than
learning behavior patterns that should showmore about learners’ learning behavior path.
Previous studies have explored learners’ learning path by analyzing learners’ behavioral
transformation sequence and found learners’ backtracking behavior (Hu et al. 2019).
In addition, some scholars believe that, compared with the single learning behaviors of
learners, the sequence of learning behaviors in the learning process can better reflect
the intention and cognitive process of learners’ learning behavior trajectory (Yang et al.
2016). Therefore, it can be considered that the behavior transformation sequence can
better reflect the learner’s learning behavior pattern.

2.2 Behavior Transformation Sequence and LSA (Lag Sequential Analysis)

LSA is used in most studies related to sequences of learning behaviors. This method was
proposed by Sackett (1978) to test whether the probability of one behavior occurring
after another is statistically significant. In the field of education, LSA takes transitional
relationships into consideration to identify temporal differences in learning behavior
(Chen et al. 2017b). At present, there are mainly the following types of studies related
to learning behavior sequence. The first one is the combination of clustering analysis to
define learners with different learning patterns and predict their academic performance
by clustering the behavior sequence. For example, Li et al. (2017) explored the online
learning behavior sequence and participation pattern of Open University students on
Moodle platform through lag sequence analysis. According to the behavior sequence,
different online participation patterns of learners are defined, such as low input, shal-
low level input, performance input, step by step, and random participation. Jiang et al.
(2018). used lag sequence analysis to analyze the learning process data on the DEEDS
platform, and predicted the learning effect. The second, combined with text analysis,
sequence analysis is carried out for the content posted by learners in the forum. For
example, Jeong and Allan (2003) conducted sequence analysis of learners’ speech con-
tent based on text analysis. Similarly, Hou et al. (2009) combined content analysis and
sequence analysis to explore learners’ learning behavior patterns in the forum. The third
is to combine the theoretical framework to explore learners’ behavioral transition pat-
terns during knowledge construction (Lan et al. 2012; Lin et al. 2013; Yang et al. 2015).
For example, lag sequence analysis is used to analyze the learning patterns of different
learners or learners at different stages. Yang et al. (2015) analyzed students’ knowledge
construction behavior at different activity stages in the collaborative translation process
by using lag sequence. Finally, there is a comparative analysis of the differences in learn-
ing behavior sequence patterns of learners with high-low achievements (Lai and Hwang
2015). According to the above research, LSA method is an extensive analysis method
in the sequence analysis of learning behavior. This study intends to use LSA to explore
the learning behavior sequence of Chinese adult learners and analyze the differences of
learning behavior sequence of Chinese adult learners with high and low achievement.
However, in the above studies, course scores mostly express learners’ achievements,
which is not suitable for adult learners on the course of KGC learning platform. It is
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necessary to combine the characteristics of learners, curriculum and learning platform
to determine the form of learning effect.

2.3 The Learning Effect of Adult Learners in KGC Learning Platform

Most studies have used test scores (Lin et al. 2013), or self-report through questionnaires
(Yang 2016) to reflect learning effect. The score can only reflect the learning effect from
the learning result dimension, and the learning efficiency in the learning process is
difficult to reflect. In adult learning scenarios such as vocational training, learners not
only pay attention to their performance and knowledge, but also pay attention to learning
efficiency and time cost. This is the biggest difference between the adult vocational
training learning scene and the general online learning scene in the aspect of learning
effect. For example, in theKGC learningplatform, the designof it is guidedby “mastering
learning theory”, believing that all learners can learn and master relevant knowledge. It’s
just that the amount of time each person spends is different, and learners should move
forward in small steps and strictly monitor the outcome of each step. Only by mastering
the current knowledge and skills can learners continue to learn. Under this learning
platform, the learning effect is not reflected by test scores, but by the time it takes the
learner to reach a certain stage. The shorter the time, the stronger the learner’s learning
ability, and the higher the learning efficiency. Compared with grades, it is more effective
to reflect learning effect from time dimension for vocational skill training. Vocational
training courses emphasize a results-oriented approach, unlikemany courses inMOOCs.
For example, in the MOOC platform of Chinese universities, the scores of most courses
are the comprehensive weight of test scores and homework scores, which also contains
the input of learning behaviors and other processes at ordinary times. In addition, exams
have certain uncertainties, which cannot fully reflect the learning effect of learners. In
vocational skills training, the purpose of learners is to master relevant knowledge and
skills as soon as possible, so in such learning scenarios, it is more effective to use the
time spent in mastering relevant knowledge and skills to reflect the learning effect.

To sum up, we can find that LSA for behavior sequence exploration is a relatively
mature analysis technology. Though the behavior sequential analysis, different learning
behavior participation patterns can be found. However, most of the above studies were
conducted on the courses on open learning platforms, such as MOOCs, and most of
them used test scores as learning effects to explore the differences in learning effects
of learners with different behavior sequences. For vocational skills training courses in
enterprises, learners are mostly adults with clear goals and strong self-control, and the
focus of learning effect is not only the mastery of knowledge and skills, but also the cost
of time. In such a learning scene, what kind of learning behavior sequence will exist in
learners andwhat kind of learning characteristics will be represented. In addition, studies
have also shown that different types of online learning resources can affect learners’
learning time and frequency (Yousef et al. 2015). Therefore, it can be seen that different
types of learning content may also have a certain impact on learners’ learning behavior.
Therefore, the purpose of this study is to explore the learning behavior characteristics
of adult learners in the context of vocational skills learning, and whether the differences
in curriculum content have an impact on them. Further, explore what kind of learning
behavior sequence do learners with different learning efficiency have, In order to find
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ways to improve the learning effectiveness and learning efficiency of learners, and to
provide Suggestions and guidance for the design of learning platforms and the learning
of online learners.

3 Methodology

3.1 Research Questions

The research collected the data generated by 179 learners in two courses in the
KGC learning platform: elementary artificial intelligence: basics of Python introduc-
tion(Python introduction) and introduction to data analysis(data analysis). This study
explores the behavior sequence of online learners based on this learning platform by
using LSA. The questions to be answered in this study are as follows:

1) What are the characteristics of learner’s behavior sequence under this learning
platform? What learning state can it reflect?

2) In different courses, what are the differences between learners’ learning behavior
sequences?

3) What are the differences between learners with different efficiency in learning
behavior sequence?

3.2 Learning Process of Learners on the KGC Learning Platform

In this case, the learning platform provides online learners with video, documents and
other learning resources, as well as calendar module, question and answer module,
learning dashboard and so on to assist learners in learning. The main interface of the
learning platform is shown in the Fig. 1. This learning platform is characterized by its
design of learning baffle based on the mastery learning theory. Learners must master
the contents of the previous unit before they can move on to the next unit. In this way,
learners can learn the content of each section steadily, so as to achieve a better learning
effect. Only by successfully completing the assignments in the previous unit can learners
begin to learn the next unit. (Figure 2) In each unit, learners learn mainly by viewing
documents, videos and other materials. Besides, the platform also provides learners
with several simple test questions to recall the key contents. In addition, learners can
also arrange and understand their learning process by adding learning calendar, viewing
learning progress, learning duration and other information displayed in the learning
dashboard.

3.3 Data Cleaning and Analysis

The learner’s learning process is independent, and the learning starts and ends at differ-
ent times. The study collected 1278,145 log data from 179 learners who successfully
completed the two courses from October 2018 to October 2019. After deduplication and
cleaning up the invalid data, there are 914938 log data left. According to the learning
content types and functions, the study classifies learners’ learning behaviors into 7 cat-
egories and 26 behaviors in total. The classification and coding are shown in Table 1
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Fig. 1. The main interface of the learning platform

Fig. 2. The course learning process on the KGC learning platform

below. Video is the main learning content of learners. At the same time, according to
some summary document pages and test questions provided by the course, learners can
conduct a summary review of the content of the video. In each unit, the assignments of
the work page are required to be completed by the learner, so that the learner can also
know how well he/she has achieved in the unit.

According to the principle of sequence analysis, the transformation from one behav-
ior to another is defined as a sequence of behaviors. The code combination of the two
behaviors is used to represent the sequence, and the order of behavior coding in a combi-
nation represents the direction of behavior transformation in that sequence. For example,
learners enter the document page (ES) first, and then exit the document page (OS), then
the behavior sequence is ES → OS. According to the above 26 kinds of behaviors, there
are 676 behavioral sequences in theory, but only 443 behavioral sequences are actually
produced.
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Table 1. Code for 26 learning behaviors

Category Content type Learned behavior Coding

Content
learning

Video Add a tag to the video AT

Enter the video learning EV

Exit video learning OV

Pause video learning PV

Continue video learning CV

Modify the speed of the video MS

Modify the video progress bar to selectively
play the content at a certain time

MVP

Summary of
learning

Summary document
page

Enter the summary document page ES

Exit the summary document page OS

Download code resource DR

Test Enter the test ET

Exit the test OT

Submit the test ST

Effect of
learning

The assignments of
the work page

Enter the work page EW

Do the assignments of the work page DW

Submit the work SW

Exit the work page OW

Apply for reply of the whole course work AR

Quit application for reply of the whole
course work

QR

Submit application for reply of the whole
course work

SR

Assisted
learning

Learning dashboard View learning progress in the learning
dashboard

VP

View learning duration in the learning
dashboard

VT

Learning calendar View learning calendar VC

Add learning calendar AC

Message View message VM

View question and answer module VQ
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4 Result

4.1 Learner Behavioral Sequence Characteristics

According to the LSA method, the GSEQ5.1 software was used to make a frequency
table of behavior transformation according 26 learning behaviors, and the standard
score conversion was performed to obtain the adjusted residual table (Table 2). When
the adjusted residuals value of the behavioral transformation sequence is higher than
1.96, then it was significant at the level of 0.05. It indicates that the occurrence of
the behavioral transformation sequence is significant (Bakeman and Quera 1995). The
combination of frequency n > 30 was used to screen out the behavioral transformation
sequences that reached the significance, and the results showed that only 24 of the 26
behaviors had achieved the significance, and a total of 95 behavioral transformation
sequences had achieved the significance. Gephi0.9.2 visualizes these significant behav-
ioral transformation sequences through the Fruchterman Reingold layout, resulting in
Fig. 3.

Table 2. The adjusted residual table (Part of the whole table)

PV CV MS MVP

PV −151.09 465.1* −11.03 16.66*

CV 302.95* −189.35 29.99* 202.8*

MS 47.05* −14.02 −3.32 33.81*

MVP 180.44* −16.02 29.33* −56.63
*P < 0.05

Fig. 3. The sequence diagram of students’ overall learning behavior transformation

In Fig. 3, there are 24 nodes, representing 24 learning behaviors, and 95 edges, rep-
resenting 92 behavioral transformation sequences. The direction of the arrow represents
the direction of the behavior transformation, and the thickness of the line represents the
probability of the behavior transformation. The size of the node shows the number of
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degrees of that node. Through the overall sequence diagram of learning behavior trans-
formation of all learners, we can see that viewing message (VM) and entering the work
page (EW) are the two largest nodes. It indicates that these two behaviors are the most
central behaviors of behavior transformation, and in this platform, learners are driven
by homework and good at paying attention to information. According to Fig. 4, it can be
seen that there are more wires between the behavior nodes related to Content learning.
The behavior nodes related to Summary of learning, Effect of learning and Assisted
learning also show similar characteristics, which reflects that learners have more behav-
ioral transformation when learning the same type of content. It may be caused by the
setting of the order of learning content on the platform itself. In addition, there are many
transformations between Effect of learning and Assisted learning. Moreover, according
to Fig. 5, the highlighted nodes connected to the EW or VM nodes are almost “effect of
learning” and “assisted learning”. it can be found that the transformation between the
assisted learning behavior and the work-related behavior is relatively frequent. This indi-
cates that learners’ assisted learning behavior is mainly for completing the assignments
of the work page, which reflects learners’ strong task-oriented learning characteristics
under the platform.

Fig. 4. Sequence diagram of students’ behavior transformation to different types of learning
content

Fig. 5. Behavioral transformation network centered VM and EW respectively
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4.2 In Different Courses, the Difference of Learners’ Learning Behavior
Sequence

The content and instructional goal of the course may influence the sequence of the
learner’s behavior transition. According to the content and instructional goal of the two
courses, it is found that the instructional goal of Python introduction is to let learners
learn to write Python code. it requires learners to write more actual code for practice.
However, the instructional goal of data analysis is to enable learners to learn the thinking
and methods of data analysis. Although the assignments of work page also requires the
actual writing of Python code, this course is more inclined to method learning than the
course of Python introduction. Therefore, the two courses Python introduction and data
analysis are defined as code-drill courses and method learning courses. In order to know
the differences of learners’ learning behavior sequence in different courses, the study
further explored what kind of behavioral transformation sequences these 179 learners
had in the two courses.

The same method is used to analyze the behavioral data of learners in these two
courses, and Fig. 6 and Fig. 7 are obtained. Through the comparison of the two graphs,
it can be found that the behavioral transformation patterns of learners in the two courses
are similar in the whole. And the difference is mainly reflected in the transformation
between the behaviors related to video learning and assignment completion. Compared
with method learning courses, there are more connections between behaviors related
to video learning and completing assignment, assisted learning in code-drill course. In
combination with the above findings, learners’ assisted learning behaviors are mainly for
completing assignment, indicating that in code-drill courses, learners frequently switch
between assignment completion and video learning, and learners often backtrack the
learning video when completing assignment. It reflects that learners in the code-drill
course have the characteristics of strong task-oriented and backtrack learning, while in
the method learning course, such backtrack learning behavior is less.

Fig. 6. Sequence diagram of learner behavior transformation in code-drill course

4.3 Differences in Learning Behavior Sequences of Learners with Different
Efficiency

In addition to being influenced by the course itself, learners themselves are the most
important influencing factor of the behavior sequence. Learners with different efficiency
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Fig. 7. Sequence diagram of learner behavior transformation in method learning course

may have different learning styles. The study aims to find out the differences in learn-
ing styles of learners with different efficiency by exploring the differences in learning
behavior sequences of learners with different efficiency, so as to put forward Suggestions
conducive to improving learning efficiency.

Distinguish Between Highly and Low Efficient Groups. In order to avoid the influ-
ence of different course on learning behavior sequence, this part of the study adopts
the learning behavior data of learners in the code-drill course Python introduction. The
study differentiates the efficiency of learners according to the time it takes them to com-
plete the course. The average length of time for learners to complete the course is M
= 69.15 h, and the standard deviation is 43.49. Learners who completed the course in
less than 25.66 h (M-SD) were classified as highly efficient learners, while learners who
completed the course in more than 112.64 h (M+SD) were classified as low efficient
learners. Finally, there were 30 learners in the highly efficient group and 25 learners in
the low efficient group.

Commonality of Behavior Transformation Sequence in Highly and Low Efficient
Group. According to the above research results, it can be found that the main learning
behaviors of learners are related to document pages, videos and assignments. To further
explore the differences of learning behavior transformation between the two groups in the
three aspects, a total of 11 behaviorswere selected. The result is shown inFig. 8.As can be
seen from the Fig. 8, there was no significant difference in the behavioral transformation
patterns of the highly and low efficient groups as a whole. The commonality of these
two groups is that in video learning, they not just passively accept knowledge, but also
have some behaviors such as pause video learning (PV), modify the video progress bar
to selectively play the content at a certain time (MVP). This can reflect that learners have
the characteristics of active learning no matter their efficiency is high or low.

In addition, PV → EW and OS → EW, this two significant behavioral transforma-
tions, can reflect learners’ backtracking behavior towards the previous learning content
when doing assignments. The significant behavioral transformation of OS → CV indi-
cates that learners have gone through a series of behaviors including PV→ES→OS→
CV, which reflects learners’ learning transformation between documents and videos. In
this platform, the learning document is the summary of the key content in the video. For
this course, the video can explain the operation process more clearly, but it takes time.
And the documentation refines the operation code so that learners can quickly access
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Fig. 8. Learning behavior transformation patterns in different efficiency groups

the method, but there are no detailed steps. Learners switch back and forth between the
two types of learning materials, showing learners’ active thinking and exploration in the
learning process.

Differences of Behavior Transformation Sequence in Highly and Low Efficient
Group. Although the highly and low efficient groups are similar in thewhole of learning
behavior transformation, there are still some differences, mainly reflected in the part
shown in circle in Fig. 8. It’s about modify the speed of the video (MS) and modify
the video progress bar to selectively play the content at a certain time (MVP). The
transitions between this two behaviors and the behaviors of pause video learning (PV)
and continue video learning (CV) is much more in the highly efficient group. Compared
with the low efficient group, the highly efficient group showed the following significant
behavioral transformations: CV (Continue video learning) → MS (Modify the speed of
the video), MS → PV (Pause video learning), MS → MVP (Modify the video progress
bar to selectively play the content at a certain time), MVP → MS. This indicates that
during the process of watching the video, there is an intersecting behavior transformation
between the four behaviors of pause, continue, modify the video progress bar andmodify
speed, which reflects that the highly efficient group adopts different learning speeds for
different parts of the same video. The significant behavioral transitions associated with
the low efficient group were EV (Enter video learning) → MS, MS → OV (Exit video
learning). This indicates that in the video learning process, after modifying the playing
speed, the low efficient group kept learning at the same speed until the end of the video.

Combined with the investigation on all learners modifying the video playing speed,
83.76% of the video playing speed adjustment is to adjust the speed to higher than the
normal playing speed. Among them, the frequency of adjusting the playing speed of
the low efficient group was nearly three times that of the highly efficient group, and
the average playback frequency of the same video was 2.7 times that of the highly
efficient group. Furthermore, according to the accuracy of answering the test for the
first time in the highly and low efficient group (see Table 3). It can be concluded that
the highly and low efficient group preferred to play the video at a faster speed in video
learning. But the highly efficient group played the video quickly and purposefully for
some part of the content, and had a higher learning effect. The low efficient group adopted
the fast speed without distinction, and returned to repeat learning when the learning
effect was low. Therefore, the difference between highly and low efficient groups is
mainly reflected in the learning efficiency of videos. The highly efficient group adopted
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a selective and fast learning method, choosing the main learning content and learning
speed more purposefully. The low efficient group adopted the non-differentiated fast
repetition learning method, while the content learning method was fast but repeated
more times.

Table 3. Highly efficient group versus low efficient group

Highly efficient group Low efficient group

The average number of times that a video is
played at a speed faster than normal

1.37 3.8

The average number of times a video is
played

2.39 6.51

The first correct rate of test 76.45% 61.32%

5 Discussion

Through the study of 179 adult learners, we found that there aremany significant learning
behavior sequences in the learning process of adult learners in this learning platform.
These behavior sequences can significantly reflect that adult learners are driven by task
and have strong initiative and self-regulation ability, which is one of the characteristics
of excellent learners. Thus, one of the characteristics of online learners is that they are
driven by assignments/tasks and have strong goal orientation.

There are differences in the sequence of learners’ behaviors in different types of
courses. Learners in code-drill courses have strong task-oriented and retrospective learn-
ing characteristics, while in method learning courses, such retrospective learning behav-
iors are rare. This difference may be due to the fact that there are more operational
details involved in the code-drill courses, and learners need to constantly recall the rel-
evant details when using what they have learned, while in the method learning courses,
after they understand themethods and ideas, they can directly use what they have learned
without too much retrospection. According to this difference, in the course design and
platform design, learning resources can be arranged in combination with the nature of
the course. So as to facilitate learners’ learning backtracking behavior, such as provid-
ing learners with appropriate summary materials and improving learners’ backtracking
efficiency.

The study found that there was little difference in the overall behavior transformation
pattern of the highly and low efficient group. This indicates that the behavior patterns of
learners in this learning platform are similar, but there are some differences in efficiency,
and there is no marginal group in learning. This result is different from the disengaged
learners (Rodrigues et al. 2016) that appears in MOOC studies. On the one hand, this is
because the learner groups are different, and their learning motivation is different. On
the other hand, the main reason is the baffle design of the learning platform in this case
study, which avoids the “wandering” and “jumping learning” of learners.
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In addition, some studies have pointed out that learners in online learning have
poor self-monitoring ability and procrastination habit (Hu et al. 2019). In view of this
phenomenon, on the one hand, the reward and punishmentmechanism should be added in
the course design to promote learners’ enthusiasm in learning.On the other hand, from the
platform design, baffle control can be adopted, which can more mobilize the initiative of
learners and reduce their ineffective browsing behavior. In addition, the overall behavior
patterns of the highly and low efficient groups were not significantly different, indicating
that the most frequent and common behavior transformation patterns were not the main
factors affecting the learning effect. As Kinnebrew and Loretz (2013), found, almost
all of the most frequent activity patterns in the high and low achievement group were
the same or similar. This indicates that the factors influencing learners’ learning effect
may not be the overall behavioral pattern or the most frequent behavioral transformation
pattern, but some key behavioral sequence pattern, such as the video playing behavior
patterns found in this study. The highly efficient group prefer to the selective and fast
playing pattern, which not only saves time and improves efficiency, but also selectively
adjusts itself. And they adopts different learning speeds for different contents to reduce
its cognitive load. However, in the low efficient group, non-differentiated fast repetition
of playing increased the cognitive load of their learning, resulting in inefficient learning.
According to the results, online adult learners can be provided with appropriate learning
guidance, so as to prevent them from using indiscriminate and fast playback to save time
and learning inefficiency. At the same time, the results provide some inspiration for the
developers of video learning materials. In video production, different playing speeds
can be presented for different difficult parts of the same video, so that learners can learn
video efficiently. At the same time, it also provides inspiration for the feedback design
of learning platform. The learning platform can provide feedback to learners about the
video learning situation, such as the visual statistical graph of learning times, learning
speed, learning time, and learning level in class or group. These can guide students to pay
attention to the video learning method, timely find their own learning style problems,
and timely adjustment.

6 Conclusion

This study explores the online behavior transformation patterns of adult learners and
finds the characteristics of strong task orientation of adult learners. Moreover, this paper
explores the differences in learners’ behavior sequences from the dimension of course
type and learning efficiency, and finds that there are some differences in learners’ back-
tracking behaviors in the code-drill courses and method learning courses. Learners in
code-drill courses have the characteristics of strong task-oriented and retrospective learn-
ing, while in method learning courses, such retrospective learning behaviors are rare.
Additionally, there are some differences in the video playing patterns among learners in
the highly and low efficient group, which may be the main factor affecting the learning
efficiency.

Since the conclusion is made by comparing the behavior sequence transformation
diagram of the highly and low efficient group, further verification is needed. Besides,
there were other limitations, such as the classification of course types. The classification
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adopted in this study is defined from the perspective of the instructional goals of the
course. Later studies can further refine the course types from the knowledge types, so as
to further explore which behavioral patterns learners should adopt or which behavioral
sequences can have better learning effects for different types of learning contents.
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Abstract. For the concerning about how school utilize information technology to
cultivate students adapted to the information age, numerous studies have examined
the impacts of schools’ informatization on students’ information literacy. How-
ever, few researches have considered the individual uniqueness of each school.
Thus, this study was to investigate the clusters of schools in terms of informa-
tization level and the relationship between the clusters of schools and students’
information literacy.Model-based cluster analysis was used to explore the clusters
of schools and ANOVA was used to investigate the relation between the clusters
of schools and students’ information literacy. The results showed that the students
of schools with high informatization level tended to perform better in the infor-
mation literacy test than those of schools with low informatization level. Besides,
the clusters of schools were significantly related to the regions of schools. Based
on the findings, the authors proposed several suggestions for improving students’
information literacy from the perspective of schools.

Keywords: Information literacy · Schools’ informatization · Cluster analysis

1 Introduction

In the information society, individuals are increasingly demanded to improve information
literacy, which has been described as “the ability of individuals to use information and
communications technology (ICT) appropriately to access, manage, integrate and eval-
uate information, develop new understandings, and communicate with others in order
to participate effectively in society” [1]. Especially, information literacy has long been
regarded as the basic ability to participate in online activities effectively and efficiently
for students [2]. At present, countries around theworld attach great importance to the cul-
tivation of students’ information literacy [3–5]. It has beenwidely acknowledged that the
cultivation and promotion of students’ information literacy is a complex and systematic
project, which requires joint efforts from the whole society, including schools, teachers,
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parents, and communities, etc. [6–8]. In particular, schools are extremely important for
shaping and cultivating students’ information literacy since schools shoulder the main
responsibilities of talent cultivation. Studies on the effects of schools on students’ infor-
mation literacy have been well documented. Specifically, numerous studies suggested
that schools’ informatization level was significantly correlated with students’ informa-
tion literacy [9–11]. The majority of these studies are based on the hypothesis of school
homogeneity, where schools were treated as a holistic unit, and their differences were
not considered [12]. While one study did attempt to categorize schools in Europe into
different groups [13], however, this study ignored the huge differences among schools
within a country. Furthermore, aswe know that schools’ informatization level varies from
country to country, but the existing studies only involved developed countries. Specif-
ically, there is a lack of research that focused on the differential influence of schools’
clusters concerning the informatization level on students’ information literacy in China,
a developing country with huge diversity in terms of schools’ informatization level [14].

Therefore, the present study aimed to: (1) examine whether different clusters of
schools exist in terms of schools’ informatization level, and, if so, (2) investigate the
relationship between the identified clusters of schools and students’ information literacy.
The results of this study could provide new insights into the understanding of the impact
of schools’ informatization level on students’ information literacy and may be benefi-
cial for government and school administrators to make informed strategies to cultivate
students’ information literacy.

2 Conceptual Framework

2.1 Schools’ Informatization

Schools’ informatization is an important part of education informatization, which is
often understood as the utilization of information technology in schools’ education and
management process [15]. Many countries, international organizations and researchers
have developed assessment frameworks to evaluate education informatization [16, 17],
most of which contain school-related content. UKDepartment of Education and Science
published “ICT in Schools: Inspectorate Evaluation Studies”, in which schools’ man-
agement and planning, ICT and the curriculum, staff development, schools’ ICT culture,
and schools’ ICT resources and infrastructures were included as evaluation dimensions
[18]. Zhang and Wu [19] proposed that education informatization consisted of four
dimensions: ICT application, ICT special expenditure, ICT platform, and ICT terminal.

Based on a thorough review of extant research, the present study is based upon a
conceptualization of school informatization with six dimensions: (1) infrastructure, (2)
digital resources, (3)management informatization, (4) ICT faculty, (5) ICToperation and
maintenance, (6) ICT training. Infrastructure refers to supportive hardware and facilities
for teaching and learning in ICT-enhanced environment, such as computer lab, electronic
whiteboard, etc. Digital resources refer to electronic resources for teaching and learning,
such as e-textbook, instructional video, etc. Management informatization refers to sup-
portive system for school management including administrative management, teaching
management, and student management, such as safety monitoring system, electronic
financial system, etc. ICT faculty refers to teachers and school administrators familiar
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with ICT skills. ICT operation and maintenance refer to schools’ policy guaranteeing
ICT operation and maintenance, such as the mechanism of providing technical sup-
port, and the policy of establishing educational informatization funds, etc. ICT training
refers to the implementation of ICT training for teacher and administrators in schools,
such as training teachers in terms of ICT integration, etc. The concept model of school
informatization is shown in Fig. 1.

Fig. 1. The concept model of school informatization.

2.2 Information Literacy

Information literacy was firstly proposed by Zurkowski in 1979 to describe the “tech-
niques and skills for utilizing the wide range of information tools as well as primary
sources in molding information solutions to their problems” [20]. With the development
of information society, the interpretation of information literacy has evolved. Nowa-
days, the connotation of information literacy includes not only a collection of skills, but
also the comprehensive quality required by the information age, such as information
ethics, information innovation, information communication, and information awareness
[21]. International organizations and researchers have developed different assessment
frameworks to evaluate information literacy [22, 23]. In 2018, Our research team also
developed the Information Literacy Index System for Primary and Secondary Students
[24],which included four dimensions: information awareness and cognition, information
scientific knowledge, information application and innovation, and information ethics and
law.

Based on a thorough review of extant research, our research team revised the indica-
tor system using the Delphi method and formed a new information literacy index system.
As shown in Fig. 2, the current index system contains four dimensions: (1) information
awareness and attitude, (2) information knowledge and skills, (3) information think-
ing and behavior, and (4) information society responsibility. Information awareness and
attitude refers to one’s sensitivity to information about things or things of interest. Infor-
mation knowledge and skills refers to one’s mastery of information theories, methods,
principles of information and information technology, abilities which are used for infor-
mation acquisition, identification, storage and management, processing, distribution and
communication, and innovative applications. Information thinking and behavior refers
to one’s thinking and behavior of using information technology to solve problems in
study and life. Information society responsibility refers to one’s moral principles and
understanding of the rules governing information activities.
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Fig. 2. The concept model of information literacy.

2.3 The Relationship Between Schools’ Informatization and Students’
Information Literacy

Based on the ICILS 2013 data of four developed countries (Australia, Germany, Nor-
way and the Czech Republic), Gerick et al. [12] found that four aspects regarding with
schools’ informatization appeared to be crucial for students’ computer and informatiza-
tion literacy score: (1) ICT equipment, (2) professional development of teaching staff,
(3) school goals, and (4) views/self-efficacy of teaching staff. In another study, latent
class analysis was used to identify clusters of schools based on relevant school-level
characteristics, including schools’ visions and goals, teachers’ professional develop-
ment and ICT infrastructure [13]. Results showed that 1727 secondary schools in 12
European countries were classified into five clusters of schools, but the school-level
factor only have significant relations to students’ computer and information literacy in
a few countries.

Fraillon et al. [11] analyzed the data of ICILS 2018 and found that the students
currently studying ICT subjects got higher scores in computer and information literacy
test than thosewhowere not. additionally, in the national contexts survey,many countries
agreed the follow six aspects were important for students’ cultivation of information
literacy: professional development for teachers’ pedagogical use of ICT, sufficient ICT
infrastructure and resources in schools, development of ICT-related competencies among
students, development andprovisionof digital learningmaterials, narrowingof the digital
divide among students, improvement of administrative and management systems in
schools, and communication with parents with ICT.

3 The Present Study

Previous studies have documented how schools’ informatization affects adolescents’
information literacy. However, to the best of our knowledge, few studies have inves-
tigated the uniqueness of each school in terms of the informatization, as well as the
impact of distinctive clusters of schools on students’ information literacy, especially in a
country with huge diversity of schools’ informatization level. Against this background,
the present study aimed to answer the following two research questions:

RQ1: Do different clusters of schools exist concerning their informatization level? If
they do exist, what characterizes them?
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RQ2: If RQ1 holds, are the identified clusters of schools related to students’ information
literacy?

4 Method

4.1 Participants

In December 2018, our research team designed and implemented a National Primary
and Secondary School Student Information Literacy Test in China with the support and
participation of the National Center for Educational Technology. The participants from
secondary schools were selected as the research sample in this study, which consisted
of 641 secondary schools and 49546 seventh and eighth grade students. A description
of the students’ sample is provided in Table 1. The average age range of the students
in the seventh and eighth grades was among 12 and 14 years. The schools involved 31
provinces in the east, middle and west regions of China, as shown in Table 2.

Table 1. Demographic composition of the student sample.

Grade Male Female Total

Seventh 12674 12320 24993

Eighth 12325 12228 24553

Table 2. The distribution of schools in each region.

Region Province Number of school

East Beijing, Tianjing, Hebei, Liaoning, Shanghai, Jiangsu,
Zhejiang, Fujian, Shandong, Guangdong, Hainan

219

Middle Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei,
Hunan

247

West Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou,
Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, Xingjiang

175

4.2 Instrumentation

The students’ information literacywasmeasured by 40multiple-choice questions, which
contain four dimensions: information awareness and attitude (12 items), information
knowledge and skills (16 items), information thinking and behavior (6 items), informa-
tion society responsibility (6 items). The sample items of each dimension are shown in
Table 3.

The schools’ informatization level was measured by the questionnaire developed
according to the “China Education Informatization Development Report” [25]. The
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Table 3. Sample items of students’ information literacy test.

Dimension Sample item

Information awareness and attitude Which statement about information is correct? ()
(A) A newspaper is information
(B) A football match published in a newspaper is

information
(C) Radio is a message
(D) A book is an information

Information knowledge and skills 1 KB = () B
(A) 256
(B) 1000
(C) 1024
(D) 2048

Information thinking and behavior Lily wants to understand the world of Harry Potter. If
possible, you would suggest her ()
(A) Read the “Harry Potter” series of books
(B) Consult a friend who knows
(C) Experience the world of Harry Potter using virtual

reality technology
(D) Watch Harry Potter movies

Information society and responsibility Which statement is correct? ()
(A) When chatting on the Internet, I can say whatever

I want to say
(B) If I could make computer virus, how great would

it be?
(C) Since the pirated software is free to use, I can use

it
(D) We should not browse unhealthy and harmful

websites

questionnaire for schools contains 20 items and six dimensions: infrastructure (4 items),
digital resources (4 items), management informatization (3 items), ICT faculty (3
items), ICT operation and maintenance (3 items), ICT training (3 items). The ques-
tionnaires were filled by school administers who are in charge of schools’ development
of informatization. The sample items for each dimension are shown in the Table 4.

4.3 Statistical Analyses

The factoextra package, a R package developed by Kassambara and Mundt [26], was
used to calculate the Hopkins of the data [27] and to validate the cluster tendency of the
data. The best number of the clusters was determined by using BIC. The model-based
cluster method in the mclust package, a R package developed by Scrucca et al. [28], was
performed on the six dimensions of schools’ informatization to explore the classification
of the schools. The Chi-square test was applied to analyze the relations of clusters of
schools with the regions of schools. ANOVA was conducted to compare the average
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Table 4. Sample items of schools’ informatization questionnaire.

Dimension Description Sample item

Infrastructure Indicators on supportive hardware
and facilities for teaching and
learning in ICT-enhanced
environment, such as computer
lab, electronic whiteboard, etc.

The proportion of multimedia
classrooms

Digital resources Indicators on electronic resources
for teaching and learning, such as
e-textbook, instructional video,
etc.

Teachers’ Access to digital
teaching resources in schools

Management
informatization

Indicators of supportive system
for school management including
administrative management,
teaching management, and student
management, such as safety
monitoring system, electronic
financial system, etc.

Types of management
information systems owned by
school

ICT faculty Indicators of teachers and school
administrators familiar with ICT
skills

The proportion of subject
teachers who can use
information technology for
teaching

ICT operation and
maintenance

Indicators of schools’ policy
guaranteeing ICT operation and
maintenance, such as the
mechanism of providing technical
support, and the policy of
establishing educational
informatization funds, etc.

Establishment of ICT
integration policies

ICT training Indicators of the implementation
of ICT training for teacher and
administrators in schools, such as
training teachers in terms of ICT
integration, etc.

The frequency of providing ICT
training sessions per academic
year

information literacy test scores of students from the clusters of schools. In addition,
post hoc tests were used to examine the differences of all possible pairwise comparisons
among the clusters of schools.

5 Result

5.1 Overview of Students’ Information Literacy

The results of the students’ information literacy test scores are presented in Fig. 3. The
overall mean score of the seventh and eighth grade students on the information literacy
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test was 59.10 (out of a maximum of 100) and SD was 20.94. On the whole, it seemed
that the majority of the students got average achievements on information literacy test.
Furthermore, according to Table 5, the information literacy test scores of students in the
three regions was significantly different from each other in information literacy and the
dimensions of information knowledge and skills, and information society responsibility.

Fig. 3. Information literacy scores distribution of seventh and eighth grade students.

Table 5. Comparison of students’ test scores in different regions.

East West Middle F Post hoc

Information literacy 64.56 56.89 56.22 797.97* East >Middle >West

Information awareness and
attitude

20.81 18.49 18.48 611.01* East >Middle, East > West

Information knowledge and
skills

10.8 9.38 9.25 674.57* East >Middle >West

Information thinking and
behavior

14.91 13.04 13.02 467.69* East >Middle, East > West

Information society
responsibility

18.05 15.98 15.47 377.08* East >Middle >West

*p < 0.001

5.2 The Cluster of Schools

The Hopkins of the data is 0.69 over the threshold of 0.5, indicating that the dataset is
suitable for cluster analysis. According to the BIC, the best number of clusters is 3. Three
clusters of schools resulted from the model-based cluster analysis. The distribution of
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each cluster on schools’ informatization is shown in Fig. 4. The first cluster marked blue
was formed by 100 school samples (16.9%)which showed high scores in six dimensions.
This cluster was named H. The second cluster marked red was formed by 458 school
samples (68.5%) which presented moderate scores in six dimensions. This cluster was
named M. The third cluster marked green was formed by 83 school samples (14.5%)
which presented low scores in six dimensions. This cluster was named L.

Fig. 4. Description of each cluster on schools’ informatization. (Color figure online)

The numbers of schoolswithin each cluster of each regionwere shown inTable 6. The
results of Chi-square test on the clusters and regions of schools was χ2 = 70.27, df =
4, pvalue = 0.000, which indicated that the clusters of schools and the regions of schools
was significantly correlated.

Table 6. The distribution of the schools’ clusters.

Cluster Number of schools in the
east region

Number of schools in the
middle region

Number of schools in the
west region

H 67 19 14

M 143 187 128

L 9 41 33

5.3 The Relationship Between Schools’ Informatization Level and Students’
Information Literacy

ANOVAwas employed to analyze the information literacy scores of students in the three
clusters of schools are shown in Table 7. There were significant differences in terms of
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students’ information literacy among the three clusters of schools. The information
literacy scores of students from H school cluster were significantly higher than those
from M and L cluster. Additionally, the information literacy scores of students from M
cluster were significantly higher than those from L cluster.

Table 7. Comparison of students’ information literacy test scores among three clusters.

H M L F Post hoc

Information literacy 64.39 58.97 53.49 467.78* H > M > L

Information awareness and attitude 20.64 19.18 17.66 313.04* H > M > L

Information knowledge and skills 10.64 9.77 8.83 316.81* H > M > L

Information thinking and behavior 15.00 13.56 12.32 305.81* H > M > L

Information society responsibility 18.12 16.45 14.68 260.34* H > M > L

*p < 0.001

6 Discussion and Conclusion

This study investigated the clusters of Chinese schools regarding with informatiza-
tion, and examined the relationship of the clusters of schools and students’ information
literacy.

For RQ1, the results showed that it is possible to identify three distinct clusters of
schools concerning informatization level and the number of schools in the three clusters
was normally distributed, with the majority of the schools (62.5%) identified as middle
level. Nevertheless, the informatization level of schools in the east region of China was
significantly higher than schools in themiddle andwest regions, indicating that economic
development might be an important factor affecting school informatization. For the three
clusters, the dimension of ICT training was the most distinguished dimension of school
informatization, which indicated that the teacher-related factors might be extremely
important for schools informatization and the finding is consistent with previous findings
[9, 29].

For RQ2, the results showed that the clusters of schools are significantly related
to students’ information literacy scores. The cluster with higher schools informatiza-
tion level showed higher information literacy scores of students. The finding indicated
that promoting the development of school informatization could effectively improve
students’ information literacy. Consequently, the authors suggested that the following
strategies could be implemented to improve students’ information literacy.

1. Interventions should be made into schools’ informatization. It might be useful to
increase investment in schools of backward areas on developing informatization to
narrow digital divide between urban and rural areas, as well as western and eastern
regions. The schools of L cluster should pay more attention to the promotion of
management informatization, which is the dimension that distinguish between L
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and M cluster. The schools of M cluster should focus on the enhancement of ICT
training, which is the dimension that distinguish between M and H cluster.

2. Supporting teachers’ professional developmentwith respect to ICT integration. Since
teachers are the core of school informatization, teachers’ professional development is
the key to the promotion of students’ information literacy. Researcher [30] claimed
that one of the main obstacles for the integration of ICT in schools might be the
lack of professional development of teachers with respect to information technol-
ogy. Petko et al. [29] found that educational technology integration is dependent on
teachers’ readiness to integrate educational technology, which is based on teachers’
perceived skills and beliefs. Therefore, schools should support and encourage teach-
ers to integrate ICT with teaching, such as setting and clarifying ICT integration
goal, providing flexible technical support, creating atmosphere of technology inte-
gration, establishing platform for communication among teachers in terms of ICT
integration, etc.
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Abstract. The study attempts to examine the impacts of feedback and external
knowledge on learning andmotivation of underprivileged students. This study pre-
liminarily analyzes the type of feedback and external knowledge needed to help
students learn and motivate in their study of science experiments and education.
It is part of human learning. This study is the extension of the pilot project which
began in 2016. This project highlights the use a science experiment to develop a
product while tackling waste, and water and soil pollution surrounding schools
and students’ communities. The initial findings show that feedback in terms of
recognition of student’s activity through an opportunity to display and purchase
of their products from science education, visit by international business commit-
tees, and indirect financial support to assist students’ activity have reinforced the
continuous improvement in learning and development of students. More studies
are needed to specifically look at how these feedback and external knowledge have
played a role in single- and double-loop learning of students.

1 Introduction

Pedagogical development and effective feedback are essential for students’ development
(Education Endowment Foundation 2017). Basic education is critical for human capital
development of a country. Thailand has several types of schools which are under the
jurisdiction and supervision of three ministries. Ministry of Higher Education, Science,
Research and Innovation is responsible for all university teacher training schools- rep-
resenting a very small portion of students and being considered as a top-tier school.
Secondly, Ministry of Education is looking after international, Thai public, and Thai
private schools which offer the basic education from Grade 1 to Grade 12. More than
85% of the entire student headcounts in the country attend the schools under Ministry
of Education.

Lastly, Ministry of Interior also provides basic education services which come under
local governmental administrations as well as Bangkok Metropolitan Administration
(BMA) andPattayaCityAdministration.Approximately 12%of the students’ population
(of 8 million) for basic education are attending Ministry of Interior schools. The schools
in this group are considered to be part of extending education’s opportunities to poor or
underprivileged students. The reason is that, during the height of Thailand’s economic
growth, there were large migrations of workers from different regions into urban areas,
especially Bangkok.
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Since the available slots for studying at Ministry of Education’ schools are allocated
to the registered residents, many children who had to accompany their parents could
not attend the schools. As a result, the schools were established to help provide the
opportunities for these children. However, the schools were not properly prepared and
equipped so the reputation and image have not been positive since their inceptions in the
late 1970s. Students who attend Ministry of Interior schools are generally considered
as underprivileged. At the same time, high teacher turnovers or transfer requests have
been high, especially for BMA schools. Thus, the quality of teaching, motivation for
learning, and development of students have been problematic.

2 Problem Background

Thailand’s education system has been viewed as having shortcomings in developing crit-
ical thinking and analytical skills, with too much emphasis on rote learning and reliance
on rigid control through extensive inspection and audit as a means of demonstrating high
quality teaching and learning (Fry and Bi 2013). Thus, compliance has been a prevailing
mindset for teachers which results in long teaching hours and narrow focus only on the
subject matter (rather than the skills needed by students).

For those students who attend Ministry of Interior schools, students are faced with
even challenges and presumptions, especially at the lower and upper secondary levels
during their study on science subjects. The primary reason is that most students in this
school group do not plan to continue their education at either vocational or higher educa-
tion. On the other hand, science education through the curriculum design by Institute for
the Promotion of Teaching Science and Technology aims to graduate students who con-
tinue in their higher education within the disciplines of basic, engineering, and medical
science.

Generally, students who study science at the upper secondary level play to continue
their education at a university in the areas of basic, engineering, or medical sciences.
So poor behavior and attitude need to be addressed through more exams and classroom
time. Therefore, vigorous examinations, long lecturing hours, intensive and specialized
experiments in Physics, Chemistry, Biology, and Mathematics are very common. Spe-
cially, the examinations are needed to help motivate students. As a result, Ministry of
Interior schools’ students are unable to catch up with their peers who study at the other
two school categories. See Table 1 and the gap of students’ development.

Most students perform well in an examination by attending special tutorial sessions.
However, students who attend Ministry of Interior’ schools generally live in poverty
with limited career opportunities. Jobs after-school hours become a necessity tomaintain
a minimum standard of living. Overwhelming these students with in-depth details on
science subjects and payments to a special tutorial session are impractical.A combination
of student fatigue fromwork, poor quality of science laboratory, inability to attend special
tutorial sessions, and lack of sense of appreciation to rigid and standardized lessons have
contributed to low motivation and poor behavior.

Moving into a digital economy and society implies that students will need to exhibit
a stronger sense of civic responsibility while having necessary transferable skills which
allow better mobility and adjustment into a changing world (Deep et al. 2019). Sci-
ence education needs to be extensively reviewed and should be viewed differently from
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Table 1. Comparison of international achievement scores from trends in international
mathematics and science study or TIMSS (2011)

School category Mathematics Science

University Teacher training schools 554 552

Ministry of Education’ schools (mainly from public schools) 460 474

BMA schools 425 447

Other Ministry of Interior schools 424 440

Source: Minute of the Meeting prepared by BMA’s Department of Education

the past practices. Science skills are critical for future skills on higher cognition (e.g.,
creativity) through a practice on an enquiring mindset and skills.

Design and improvement on pedagogical practices need to recognize the importance
of human learning (e.g., learning process) through empathy and psychology. Specific
issues such as student engagement, constructive feedback, team teaching, psychological
safety, and creative experiment through product development should be the prioritywhen
working with underprivileged students.

To help address the quality of education for underprivileged students, a pilot project
was initiated in 2016 to help develop a new pedagogy for science education. Science
education should be about science skills. The focus has been on environment and ecology.
The highlight from the pilot project is the use a science experiment to develop a product
while tackling waste, and water and soil pollution surrounding schools and students’
communities.

Since the experiments are conducted outside a laboratory, this provides an oppor-
tunity for students to get to know each other better. Extra incomes earned from selling
products from science experiments helps strengthen soft skills such as communication,
teamwork, planning, entrepreneurship and financial literacy. These skills are essential
in students’ future employability.

Several tangible impacts on and improvements for both students and teachers can be
demonstrated as follows. They have included students’ peer-learning community, behav-
ioral improvement described by the parents, and various national awards and recognition
relating to students’ work on ecology and environment sponsored by Crown Property
Bureau Foundation and Utokapat Foundation. Both foundations are under the Royal
Patronage of H.M. The King (the late King Rama IX of Thailand).

Two recent recognitions are Outstanding Youth Awards given by National Council
on Social Welfare of Thailand under Royal Patronage of H.M. The King, and Thailand’s
Rotary Clubs during 2018; and Outstanding School Innovativeness Award in 2019 by
The Teachers’ Council of Thailand. Participating teachers are chosen for the 2018 Out-
standing Teacher Award by BMA’s Department of Education and the 2019 Princess
Maha Charki Award for Outstanding Teachers.

The recent success (e.g., students’ behavior, mindset, and attitude aswell as teachers’
recognition) brings up several critical factors that have contributed to this development.
For instance, student’s empathy is viewed to be essential, especially for underprivileged
students. Understanding their needs and pain points is important to gain students’ trust



Roles of Students’ Learning and Motivation 93

which has been proven with science experiments. Secondly, use of many contemporary
approaches and techniques such as Team Teaching have been helpful.

More importantly, when approaching students for their thoughts and reflection, the
common reply appears to be the feedback and the importance of external knowledge.
The students feel that the typical feedback from an evaluation of exams and paperwork
has not been helpful. For some, this feedback would be helpful if they continue their
study in a university. As a result, the study focuses on the roles of feedback and external
knowledge and the type of feedback that underprivileged students need to help improve
learning and motivation. See Fig. 1.

Feedback 
and 
external 
knowledge 

Underprivileged 
students through the 
statuses of their 
economic background 
and quality of schools 

Learning 
and 
motivation 

What is the type of feedback 
and external knowledge that 
match with students’ needs? 
How does this feedback 
contribute positive impacts on 
learning and motivation? 

Fig. 1. Scope of the study

3 Objective

The study attempts to gain more insights into the issues relating to motivation and
learning for underprivileged students. Since the pilot project has taken place over the
past four years with positive impacts on students, it is important to understand the
type of and how the feedback and external knowledge have resulted in better learning
and motivation. This study takes place at the schools belonging to BMA. Learning and
development, especially for science education, by underprivileged students (i.e., students
living in poverty and poor quality of a school) has been one of the challenges facing
Thailand.

Note that BMA-school students generally live in poverty with a lack of career oppor-
tunities after a diploma completion. Often, jobs after-school hours for an evening shift
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become a necessity for many students to maintain a minimum standard of living. It is
important to point out that these schools were created as part of educational opportunity
at the primary school level when Thailand experienced a rapid growth in population
many decades ago. Ministry of Education could not accommodate the school’s needs at
that time.

4 Methodology

The study focuses on engagingwith studentswhohave already graduated, are graduating,
and are studying at two BMA schools which have taken part in the pilot projects since
2016. They are: Matthayom Suwit Serinusorn School and Kaenthong Upatham School.
Students from three classes have participated in the discussion on the two previous
questions raised in the research’s objectives- the type of and how the feedback and
external knowledge have resulted in better learning and motivation. Then, the next task
is to analyze the students’ responses and comments. The concept of human learning,
Open-loop Learning, is applied to help with this analysis. This Open-loop Learning
concept helps analyze the impacts from feedback and external knowledge.

5 Results and Discussion

Based on the interviews and active engagement with students (from the three classes-
those who earlier graduated, who are graduating, and who will move to Grade 12), it
appears that the input, comments, and feedback from externa stakeholders has been
positive. It reflects the recognition of students’ activities and initiatives. By being visible
and actively involve students, this has essentially been the type of feedback that students
have been lacking for years. A point or a letter grade on the reports and homework (on
experimental projects) has not been viewed as helpful to their future. It relates to the
fact that most students do not plan to enroll in higher education institutes. In addition,
feedback from foreign business communities is rare for underprivileged students. Thus,
this has generated a lot of excitement among students. See Fig. 2.

Fig. 2. School visits by international delegates and business communities

According to students, they feel that their work and efforts have been valued by
the visits. In addition, these visits indicate that what they have been doing is expected.
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In other words, it shows that the students are doing the things in a right way. In fact,
the students’ interactions with external stakeholders who are willing to share with them
unique knowledge/experiences have been repeatedly mentioned as one of the motivating
factors for their learning and development. In this pilot project, key external stakeholders
involving with these interactions include registered firms in Joint Foreign Chambers of
Commerce in Thailand (JFCCT), and foreign Embassies in Thailand.

JFCCT has played a significant role in supporting the innovation project. Small
companies in JFCCT have responded to the needs of teachers and students through: a
series of workshops on entrepreneurship, product development and costing, financial
literacy, and digital literacy from Pure Growth Asia from South African-Thai Chamber
of Commerce, and ICDL Thailand from Irish-Thai Chamber of Commerce. Moreover,
Thai- Hong Kong Trade Association, a member of JFCCT, purchased many students’
products for their members and provided valuable feedback for students, especially in
packaging, customer relation, and production planning.Many firms have donated needed
instruments to support science experiment such as Felicia Design company which is a
member of Thai- Norwegian Chamber of Commerce. See Fig. 3.

Fig. 3. JFCCT’s interactions and product development from science education

Excitement and exposure to new and practical ideas, based on the workshops and
repeated visits by international delegates from JFCCT, Spouses of Head of Mission or
SHOM, and ambassadors, has contributed to higher motivation and commitment. The
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workshops have focused on product development and entrepreneurship. The delegates
have purchased students’ products and provided valuable feedback, and have provided
needed donations to help science experiments. These donations are based on a request by
students after the school visits. Ongoing developments include: (1) active engagement
with communities on food waste, (2) experiments on plastic waste, and (3) sharing the
experiences with other schools. See Fig. 4 for some of the donations.

Fig. 4. Example of donations (based on a student’s request)

SHOM through the cooperation with JFCCT, has likewise contributed positively to
students’ motivation and learning. Visiting schools to observe science experiments and
to purchase students’ products as well as inviting students to display their products at
the embassy’s events have provided strong acknowledgement to their work and repre-
sents a rare opportunity for students to interact with international guests and dignitaries.
In addition, financial support from Embassy of Luxembourg helps reinforce students’
confidence and pride, and result in extending their initiatives in science experiments.
See Fig. 5.

Fig. 5. Display of products (from science education) by SHOM an JFCCT

From the students’ viewpoint, general emphasis on uniformity of learners and aca-
demic achievement has negatively impacted on the flexibility for teachers to deal with
many social problems faced by students (e.g., bullying through physical, verbal, and
cyber means; teen pregnancy, dropouts, vaping epidemic and drugs). Poorer performers
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from the exams likely to be ignored while students who learn at a slower pace than others
are likely to be left alone without much engagement from teachers.

To gain better insights into how students learn, motivate, and develop the skills
in science education, it is important to apply the Single-loop Learning for this pur-
pose (Smith 2001 and 2013). Based on the preliminary findings, feedback and external
knowledge have been essential in their motivation and a change in their behavior. Fur-
thermore, the type of feedback which has positively contributed to students’ learning and
development is not necessarily academic in nature. Engagement, visits, product display,
purchase, references to other entities, donation, and planning together with students
and teachers on their future needs represent an opportunity and recognition. For stu-
dents, this type of feedback has had more impacts than an academic grade as it provides
both confirmation and validation that students have done what they are expected to do
right or correctly through opportunity and recognition. This can be demonstrated by the
Single-loop Concept. See Fig. 6.

Fig. 6. Roles of feedback in single-loop learning (Adapted from Tosey et al. 2012)

Themindset of feedback (aswell as external knowledge) should be further examined.
Feedback as part academic assessment and evaluation is critical for learning progress
and is required by schools. This pilot project points to another type of feedback (espe-
cially for underprivileged students) which can be as (or even) more helpful and effective
for learning and development. What and how students learn dealing with pedagogical
practices and feedback from assessment and evaluation are critical for human leaning.
Identifying the type of feedback (for various spectrums of students) can strengthen learn-
ing and development. In addition, the preliminary finding also indicates the applicability
of the Open-loop Concept for this purpose.

6 Conclusion

Uniformity in education means more control and compliance which has become a class-
room’s norm. Production relating to students reinforces that all should uniformly learn
the subjects in the same way without recognizing individual development and potential.
Participating teaches in the pilot project have witnessed how a thick teaching manual
and experimental guidelines with expected answers for science education harmed cre-
ativity and critical thinking of students. For underprivileged students, feedback has been
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very helpful for their learning and development. This study simply points to potential
research in the areas of students’ learning.
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Abstract. With the development of technology, more and more online educa-
tional products emerge in chess, which makes it difficult for different users to
choose from. It’s important to develop methodologies to assist different levels
chess players to learn in varies environment. List method and rubric evaluation
has been conducted, and advice has been put forward based on this approach.
The results show that chess online educational products were rich in content and
full featured, which could be divided into four categories: overall ecology, video
tutorial, tactical training, live broadcast product. However, products still need to
improve in product positioning and user experience to promote the development
of chess online education.

Keywords: Chess · Online education · Products · Comparative study

1 Introduction

The technology of information develops rapidly since the 21 century. Virtual reality,
artificial reality, wearable devices are becoming increasingly popular and connected
with our daily lives. With the rise of mobile Internet industry, online education has
continued to develop. Online educational products changed gradually, fromPC tomobile
terminals, such as tablets, iPads and mobile phones. Each new version of these products
brings innovative features and there is a great potential to change the way how we live,
work and study [1]. Information technology changes with each passing day.

The advances of information technology have prompted students, educators and
researchers to utilize devices. More and more users begin to choose flexible, convenient
and interactive online educational products. According to the report of the Prospective
Industry Research Institute, With the promulgation of favorable policies like New Gen-
eration AI Development Plan, the number of online education users will continue to
grow at a rate of about 15% in the future, and it is expected to exceed 300 million by
2022, owing to the prevalence of Internet, the cultivation of users’ habits, the marketing
of enterprises [2]. On the one hand, the scale of Chinese netizens has steadily expanded,
providing a stable foundation for the rapid growth of the number of online education
users. On the other hand, the number of online educational products at home and abroad
is growing rapidly. It allows learnings to learn without being restricted by time and place,
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enabling learning wherever they want after class is over. It makes mobile learning, frag-
mented learning, individual learning occurs naturally through the Internet, giving users
a differentiated experience and attracting more people to participate.

There is still a long way to face the challenges in meeting the needs of chess players.
There are approximately 700 million chess players in the world, about 50 million of
whom are from China. In addition, there are more than 300 features school for chess in
China. With the trend of chess online educational products continue upgrading in recent
years, more chess players and school teachers begin to use online chess educational
products to lean and teach, such as enhance skills, play games, learn courses, practice
exercises,watch live, analysis games, etc.RichardCulatta, from theOffice ofEducational
Technology of the United States, pointed out that there would be an increase demand in
high-quality educational apps, due to the popularity of mobile devices, the improvement
of per capita disposable income and willingness to pay from learners, educators, parents
and other stakeholders [3]. But now, owning different design concepts, there are many
online chess educational products in the market which focus on different functions
in learning chess in different interfaces. For example, chess website like chess.com
and Qubang Internet, WeChat applet like Chaoyue chess, applications like Lichess and
Chess League. These products have different design concepts, interface presentation,
interactive experience, but little research was found on the characters of different chess
online educational products.

Based on this area that need further examination, the purpose of this study is to
carry out a comparative study of chess educational products, promote the continuous
improvement of the interface, content and function, enhance product value, as well as
increase the stickiness and activeness of users. This study aims to achieve two goals,
which are as follows:

1. Provide more different chess online educational product choices for players to meet
their individual needs, and thus help improve the level of individual chess skills and
promote the development of chess career.

2. Understand the features of different chess online educational products through com-
parative research, which helps provide enlightenment for the optimization of prod-
uct content and function for product development companies and administrative
organization.

2 Method

Online education is a method of content dissemination and rapid learning through the
application of information and Internet technology [4]. Online educational product refers
to the product that spreads content through the application of information and Internet
technology around the education goal. In terms of goals, online education products take
education as the final goal. From the perspective of usage scenarios, online educational
products take the Internet as themedia, and usePC,mobile devices (such as smart phones,
tablet computers, etc.) to connect online and offline. Users can use it not only in formal
education scenarios such as schools or clubs, but also in informal education in other
environments such as families. As for theway of learning, it can be blended learningwith
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both online and offline learning, such as under the guidance of offline teachers, students
use online education products to complete some training to achieve the established
education goals. Besides, it can also be an individual independent personalized learning
style, users can use online educational products to complete online learning or expand
training. For presentation categories, online educational products mainly include three
categories: website, app and WeChat applet.

Edutainment, interactivity and globalization are three big characteristics of chess
online educational products. Firstly, the product needs to center on certain educational
objectives. Secondly, whether the product is an educational application or a website, it
belongs to utility software with certain interactivity. Thirdly, the products are mainly
targeted at chess players, who have different cultural backgrounds because chess is a
popular intellectual sport in the worldwide. Therefore, the evaluation of chess online
educational products is based on instructional design theory, software evaluation theory
and cultural psychology theory [5].

There are three methods to evaluate educational products, that is, list evaluation,
checklist evaluation and rubric evaluation. The list method is simple and clear, which
can help students, teachers and parents to choose proper products. The checklist method
is convenient and easy to use. It is more comprehensive and detailed for product eval-
uation, which is suitable for administrators and teachers to choose specific teaching
products. The rubric evaluation is professional and comprehensive, which is appropriate
for professional technical developers and administrative personnel.

This study mainly uses the list method and rubric evaluation. It contributes to give
access to users with the right products efficiently from the large number of chess online
educational products using the list evaluation method. On this basis, continuous use of
products can help chess professionals to examine products,make improvements, improve
user experience, attract more amateurs, thereby improve the popularity and recognition
of international image, continuously enhance players’ level of chess skills, enrich the
chess culture atmosphere and people’s spiritual life.

The list evaluation includes the following three steps: collection and selection,
classification and coding, data analysis.

2.1 Collection and Selection

First, we use three ways to search and collect chess online educational products. The
first one was keyword searching of websites and application stores (such as chess). The
second way was expert interview. The last was snowball searching of the same category
(such as chess tiger and chess tiger pro) or publisher (such as chess king).

In this process, products were downloaded and applied. By reviewing and trying,
some of the products were narrowed down. A total of 82 products met the criteria to be
included in the final study. The filter criteria include three points. Firstly, the product had
nothing to do with chess, such as Gobang, Jiuzi chess, Chinese chess, flying chess, go,
Japanese chess, checkers and other chess categories. Secondly, the products were not
for education, but for games, entertainment, social networking, games, competitions as
the main purposes, such as intellectual games, chess multiplayer games, V-Chess, little
chess God, Tianli chess, chess mini, open game, etc. Thirdly, the product could not be
used normally, such as bilingual chess.
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2.2 Classification and Coding

Firstly, according to the presentation, chess online educational products were divided
into five categories: app (72), web page (2), APP and web page (4), WeChat applet (3),
WeChat subscription and web page (1), as shown in the following Fig. 1.
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Fig. 1. Classification quantity of chess online educational products

Next, ten types of data were sorted from App Annie, a mobile application data and
analysis platform, which comparatively reflected the basic features of a product. Ten
items were App’s cost, compatibility, category, first tracking time, all version ratings,
number of ratings, publisher, language, size, number of version updates. For example,
the language was directly related to the region, the cost affected numbers of users. Both
would contribute to the globalization of products.

Finally, coding each product through the next process, namely, download, register
and log in, deeply use. First, with practical practice, a preliminary coding system were
established, and then we coded five apps, two WeChat applets, one website, and one
WeChat subscription with a high number of evaluators. In this process, we revised,
improved and supplied the coding framework, and established the final coding table. If
the coding standard was met, it was marked with “1”. If not, it was marked with “0”
(Table 1).

2.3 Data Analysis

The apps that met the inclusion criteria were analyzed with a qualitative content anal-
ysis method, which was a systematic classification process for analyzing products into
categories for the purposes of interpreting meaning [6]. Information from the products
relevant to the three research questions was coded and then classified into categories.
Then, frequencies for each categorywere computed and reported in tables. Finally, exam-
ples for each category were provided to demonstrate howwell the categories represented
the data [7].

3 Results

The results of the chess online educational products are described in this section.
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Table 1. Chess online educational product code information summary table (part, 82 in total)

3.1 Type

There were 2 websites, 3 WeChat applets, 3 including both app and web pages, 72
apps, and 1 including WeChat subscription and website in 82 online education products
(Table 2).

Table 2. Type statistics of chess online educational products

Type Website WeChat
applet

APP and website APP WeChat subscription
and website

Number 2 3 3 72 1

3.2 Cost

Seventeen of the 82 online education products were free (such as Lichess, etc.), 15 of
them were charged (such as chess tiger pro, etc.), and 50 of them were free for download
but charged for their internal products (such as chess king, chess art, etc.). According to
this, the total proportion of content payment in chess online educational products was
80% (61% for internal fee, 18% for products). It could be paid not only for the time,
like monthly or yearly payments, but also charged by membership level, for example,
different level members had different limits of authority. Another way was charged by
content or service, such as data private education, video course content, etc. It cost tens
to thousands of yuan for different charging ways (Table 3).
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Table 3. Cost statistics of chess online educational products

Cost Free Internal
fees

Charged

Number 17 50 15

3.3 Timeline

Chess online educational product, chess-tchess Pro, developed by publisher Tom Kerri-
gan first appeared in 2008. Subsequently, the number of products increased year by year
in the fluctuation. In 2016, there was a period of rapid growth, with 27 products in a
year, of which 19 were launched by the publisher chess king. After 2016, although there
were still products launched one after another, it presented the downward trend year by
year. With the rapid iteration of products, the early launched products had occupied a
certain market. If the follow-up products wanted to make a breakthrough, on the one
hand, publishers need to dig out what the users want and deploy new services. On the
other hand, publishers need to improve the user experience by optimizing the interface
design, enhancing interaction, etc. to attract new users and enhance their viscosity of old
users (Figs. 2 and 3).
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Fig. 2. Quantitative trend of chess online educational products

3.4 Language

There were 31 kinds of languages, including Russian, Turkish, Greek, German, Italian,
French, Polish, Chinese, English, Dutch, Portuguese, Spanish, Danish, Hungarian, Nor-
wegian, Czech, Japanese, Korean, Vietnamese, Malay, Indonesian, etc. To some extent,
the languages of chess online educational products were rich, which reflected chess was
widely distributed. Of all products, Chinese (13 products) and English (69 products)
were the most. It was noteworthy that Chinese products usually only supported Chinese,
while English products provided multi-national language services.
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Fig. 3. Publisher statistics of chess online educational products

3.5 APP Category

There were 6 kinds of APP, that is, games (65 products), entertainment (3 products),
education (3 products), book (2 products), games board (1), sports (1 products).Although
the selected apps had educational function, it was still premier game to enter the market
in product positioning and promotion.

3.6 Publisher

There were 36 publishers of 82 products, of which chess king had the largest number
(32) of development, followed by Global Business Ltd (6 products). There were 27
publishers developing only one product as their main product.

3.7 Ratings and Participants in Ratings

Therewere 44productswith rating.However, due to the small number of rating people for
some products, the rationality of rating needs to be considered. In this study, 18 products
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with more than 100 ratings were selected for statistics. Among them, the product with
the largest number of ratings was Chess.com, with a population of 126410, which was
far higher than other products. The highest rated product was chess tiger pro, chess king
and chess tactics for beginners, with a rating score of 4.8. The average rating score of
all products with more than 100 users was 4.46 (5 points in total). The rating level could
reflect the number of all users and active users. Users’ rating of chess online educational
products was 4.46 on average, with a high degree of recognition, which also laid a
foundation for the product itself and content payment (Table 4).

Table 4. Rating and number of participants in rating statistics of chess online educational product

3.8 Content and Function

Products with tactical training had the largest number, products with chess manual and
explanation to games come next, the least were products with interesting practice. Tacti-
cal training included one-step kill, two-step kill and other king killing exercises, one-way
tactical exercises such as flash attack and containment, and comprehensive exercises
such as the most appropriate way of various tactical combinations. The explanation to
chess manual included book annotation, video explanation, engine analysis and other
forms. Private data education was not only about simple statistics of basic data such
as the statistics of accuracy of questions, but also more in-depth analysis of data such
as the characteristics of different stages in chess. The forum exchange mainly included
the exchange and discussion in the process of playing chess, sending private messages,
setting up clubs. Interesting exercises referred to chess breaking, continuous capturing,
chess changing or capturing. In the competition, it included not only individual cre-
ation Championships, wheel games, etc., but also various challenges organized by the
platform, as well as online and offline chess king challenges (Fig. 4).
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Fig. 4. Content and function statistics of chess online educational products

3.9 Stage

Itwas relatively similar in thenumber of chess online educational products in theopening,
middle and endgames, andmanyproducts covered the functions ofmultiple stages. There
were many special products for the opening game, while products which focused on the
middle and end games were tactical training, chess manual, explanation to games and
engine analysis. Moreover, game practice and match were oriented to the overall stages.
It was worth mentioning that the division of the chess game stage was a reference. The
transition between the opening and the middle game, and between the middle and the
end game were not clear. However, the division of the stages helped players to train more
pertinently, and thus improve their chess skills (Table 5).

Table 5. Stage statistics of chess online educational products

Stages Opening Middle
game

End game

Number 71 75 75

3.10 Level

It showed a decreasing trend for chess online educational products from ABC level to
primary level, then to intermediate and senior level, and then to master level, which also
basically conformed to the trend of the number of players at all levels as a whole, that
is, there were more ABC and primary players, intermediate and senior players were in
the middle, and the number of professional players was the least (Table 6).

Although these statistics was not meant to be comprehensive, it provided important
findings that could be useful for instructional designers and researchers.
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Table 6. Level statistics of chess online educational products

Level ABC level Primary level Intermediate level Senior level Master

Number 80 80 74 72 69

4 The Evaluation Rubric and Analysis

For users to select quality apps to use individually, they need the quality resources to
do so. This rubric was designed using previously published research while also taking
into consideration the changes in chess online education products. This session pro-
posed a chess online educational product evaluation framework, under the guidance of
instructional design theory, software evaluation theory, and cultural psychology theory,
referring to “A Comprehensive Evaluation Rubric for Assessing Instructional Apps” [8]
proposed by Cheng Yuan Lee and Todd Sloan cherner of the coastal University of Car-
olina and “the evaluation of educational apps domain and dimension design” proposed
by Zhao Huichen [9] (Fig. 5).

Fig. 5. Chess online educational product evaluation rubric framework

The framework had 3 domains and 24 dimensions, and it aligned to a 5-point Lik-
ert scale format so quantitative measures could be established for each dimension. In
addition, indicators for the 1-5-point for each dimension were clearly stated to avoid as
much ambiguity as possible in the process (Table 7).

The overall framework scores of typical chess online educational products were
relatively high. The four kinds of products had a high level of learning materials in
instruction, which played an important role in improving user skills and connections
to future learning. The differences were mainly reflected in value of errors, feedback
to teacher and cooperative learning. In design, it was relatively complete in the dimen-
sions of goal orientation, ease of use, screen design, media integration and interactivity.
In aesthetics, although product styles were varied, they were mature in the dimensions
of utility, user interest enhancement and learner control. The differences were mainly
reflected in cultural sensitivity caused by language. It was worth noting that the above
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Table 7. Four categories of chess online educational typical products rubric scores

No Category Typical product Framework scores

1 Overall ecology Chess.com 120

Lichess 113

Chess League 117

Feiqi Chess 112

2 Video tutorial Chaoyue Chess 118

Love Chess 118

Play
Magnus—Chess

107

3 Tactical training Chess King 112

Qubang Internet 103

4 Live broadcast Chess24 111

Chessbomb 109

Yizhan 107

Chisai 107

rubric evaluation results focused on the evaluation of products from the perspective of
educational products, and the relevant scores were only referencing within this frame-
work. The purpose was to optimize the content and function of products and improve
the quality of online educational products of chess through comparative research.

5 Discussion and Conclusions

In this study, we conducted list method and rubric evaluation to evaluate chess online
educational products. By analyzing the collected data, we could draw that chess online
educational products began to appear in 2008, and since then the number had increased
gradually, reaching the highest in 2016. By 2019, there were 82 chess online educational
products from 36 publishers. These products were mainly apps, with rich languages,
complete functions and high ratings, covering the opening, middle and end games of
chess. Players of different levels can choose according to their needs.

The earliest online chess educational products in China were mainly official web-
sites, personal blogs, etc. mature products started in 2015. In 2016, apps such as Chess
League were launched, and then many kinds of chess service management and tactical
training functions continued to develop. In 2018, with the development of technology,
WeChat small programs such as Feiqi chess and Chaoyue chess were launched. Most
of these products are Chinese, few for Chinese and English users. Besides, products
can be divided into four categories: overall ecology, video tutorial, tactical training, live
broadcast product. With the development of educational informatization, there are two
important aspects to improve for chess online educational products.
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5.1 Product Positioning

The positioning of chess online educational products needs to excavate the personalized
needs of users. Product development is closely related to product positioning. In the
process of product upgrading and iteration, publishers need to consider who needs the
product to meet, what needs these people have, whether the product meets the needs of
the target users, how to achieve the needs, and how to combine the user needs with the
features provided. Through the rubric evaluation, it can be found that many products
have low scores in the two dimensions of teacher feedback and cooperative learning in
education. The product can further consider whether the user is an online autonomous
learner, or to seek integration of online and offline, through the construction of the teacher
side and other ways to connect the offline traditional teaching and online training, to help
teachers timely grasp the progress of students’ learning, and promote the communication
and feedback between teachers and students. For cooperative learning, whether the prod-
uct is to activate internal users through the development of new activities or functions,
or to attract more other users through the development of multilingual environment and
expand communication, is also directly related to the subsequent technical design. In
addition, with the increasing number of chess events, it is worth thinking whether to
add a standardized unified event release and registration service platform to the overall
ecological platform. After clear target positioning, we can further consider whether the
components meet the positioning needs, product ease of use, interaction, information
presentation, media integration and other issues in technical design. In aesthetics, with
the growingmaturity of products, according toMaslow’s hierarchy needs theory [10], on
the basis of meeting the needs of users for product content and function, it will become
more and more important for how to excavate product features, constantly excavate and
meet the personalized needs of users in the future.

5.2 User Experience

Chess online education products need to improve user experience. User experience is
a pure subjective feeling established by users in the process of using products. User
status, system performance and environment are three factors that affect user experi-
ence. In the future, in the process of product design and development, developers need
to further investigate users to understand the use status, system performance and prod-
uct application environment of target users. For example, whether the user adopts the
fragmented mobile learning mode such as subway and public transportation, or prefers
the traditional learning in classroom or club environment, whether the user carries out
independent learning according to interests, or under the guidance of teachers or par-
ents, according to a certain plan, whether the user can adjust the interface, chessman
state, content learning progress, etc. in a personalized way. These users’ usage status and
application environment information affect the system performance and product promo-
tion of product content settings, content presentation, network environment, payment
mode, etc. Therefore, chess online educational products need to be further detailed and
in-depth research on the premise of clear product positioning. On this basis, it is neces-
sary to continuously improve and optimize products, enhance user experience, product
stickiness and use frequency, to promote the participation and activity of more chess
players and improve the level of chess skills.
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Abstract. Open educational resources or OER have been gradually evolved as a
major source of learning materials. As one form of OER, open access textbooks
can be used as official textbooks for classroom-based learning as well as online
learning and distance learning. Through a review of six open access textbook
platforms, this paper investigates the operation model of open access textbooks,
including their set-up, sourcing and updating of contents, open licenses, usages,
review and quality assurance. It is revealed that open access textbook platforms
were usually initiated by universities and non-profit organizations, partnering with
philanthropic foundations and government bodies. The 5Rs (retain, re-use, revise,
re-mix and re-distribute) provision via open licenses is the distinguished advantage
of open access textbooks, especially in enabling adaptation to cater for specific
teaching and learning needs. Peer review is the common practices for ensuring
the quality of textbooks. It is evidenced that open access textbooks together with
other forms of OER have successfully driven the effective sharing of educational
resources to make education well accessible to all.

Keywords: Open educational resources · Open access textbooks · Open
licenses · Textbooks · Learning materials

1 Introduction

In the past two decades, the internet penetration has been increasing in different parts of
the world, from 8.0% in 2001 to 53.6% in 2019, in percentage of global population using
the Internet [1]. Along with the increasing use of digitized online materials, the growing
popularity of social media and networking tools, and the evolving open and sharing
culture, vast amount of online resources have been developed and provided to the public
via the Internet for free access. On average, 1.7 MB of data are created per second
by each person and several quintillion bytes of data are created in the Internet every
day [2]. Some of them are of educational nature, such as open access textbooks, open
online courses and online dictionaries. These open educational resources or OER are
free and openly available via the Internet. According to the Organization for Economic
Cooperation and Development, OER is defined as the “digitized materials offered freely
and openly for educators, students, and self-learners to use and re-use for teaching,
learning and research” [3]. It is widely recognized that OER have many advantages and
benefits [4–6].
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Similar to other online resources, OER have been expanding at a compound rate. The
driving force comes fromboth students and teachers. Nowadays, students used to retrieve
relevant learning materials from the Internet. As reported by the author in some recent
studies, OER have been well perceived by most university students as useful resources
for learning purposes, despite some concerns on whether the contents are accurate and
up-to-dated [7–9]. On the other hand, software tools are well available for teachers to
create their own teaching and learning materials in electronic forms. Some of them are
open-source software that are free to use. Teachers have become accustomed to create
and share their own created teaching materials as OER in the Internet, especially as the
copyright issues can be legitimately resolved by open licensing, such as the Creative
Commons [10, 11].

It is undeniable that OER have been widely used by teachers and students, not only
in higher education but also in primary and secondary education. In general, there are
four categories of OER, namely, open courseware and course materials, open online
courses and tutorials, open e-books and e-journals, and open-source learning tools [12].
Open courseware are the self-contained course materials for a course of study. Open
online courses are online courses delivered via the Internet, including massive open
online courses and online tutorials. Open e-books and e-journals are basically e-books
and e-journals that are available for open access. These open access e-books cover
textbooks and reference books. Open-source learning tools broadly cover online learning
platforms, online dictionaries, online plagiarism-checkers andother online software tools
that support teaching and learning.

As one form of OER, open access textbooks can be used as official textbooks for
classroom-based learning as well as online learning and distance learning. Besides offer-
ing open and free usage, open access textbooks allow adaptation. Through the open
licensing arrangement which defines different options on revision, re-mixing, and re-
distribution, open access textbooks effectively cater for diversified learning needs. A
number of open access textbook platforms have been developed. College Open Text-
books Collaborative [13], OpenStax CNX [14], OER Commons [15], and Open Text-
book Library [16] are some well-known open access textbook platforms. In Hong Kong,
the first open access textbook platform, called the Open Textbooks for Hong Kong,
was launched in early 2016 [17, 18]. Many open access textbooks have fulfilled the
required academic standards and syllabus, which are especially important for primary
and secondary education.

This paper reviews a number of representative open access textbook platforms, and
then investigates the typical operation model of open access textbooks. Six platforms are
selected for review, namely, OpenStax CNX [14], OER Commons [15], Open Textbook
Library [16], Open Textbooks for Hong Kong [18], BCcampus [19] andWikibooks [20].
Based on the review, a typical operation model of open access textbooks, covering the
initial set-up, sourcing and updating of textbook contents, licensing options and modes
of usage, and review and quality assurance, is derived. Some common practices of these
open access textbook platforms are discussed. The rest of this paper is organized as
follows. Section 2 is an overview of open access textbooks. Section 3 shows a review
of the above-mentioned open access textbook platforms. Section 4 describes the typical
operation model of open access textbooks. Section 5 briefly concludes this paper.
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2 Open Access Textbooks

Open access textbooks are essentially one specific form of OER, which can be used as
official textbooks for teaching and learning. Besides, they are by nature e-books that
provide text-based contents as well as media-rich contents such as audio and video
clips, animated features and interactive learning objects, which help enrich learning
experience. Like the traditional printed textbooks, open access textbooks are coherent
in contents, and are aligned to the required academic standards, subject syllabus and
curricular guidelines.

Open access textbooks offer many advantages over the printed textbooks [21–23].
Open access textbooks are available for online access. They canbedownloaded for offline
usage, and or printed as hard copies. The textbook contents can be openly and freely
contributed by the general public. This enables knowledge creation and sharing. The
textbook contents can be revised, re-used, and re-mixed in order to cater for diversified
learning needs. Since the revised and re-mixed textbooks can be re-distributed through
the Internet, subsequent revisions and reviews can be deployed in a quick and efficient
way. Also, interactive learning objects, multimedia and animated features can be easily
incorporated.

In early 2010s, open access textbooks started to evolve. In 2012, Connexions or CNX
(renamed as OpenStax CNX in 2014) started to offer peer-reviewed and open-licensed
textbooks that are freely available in digital form, while also providing low-cost printed
version [14]. Similarly, a number of open access textbook platforms and projects were
gradually established. They include Open Textbook Library [16], Open Textbooks for
Hong Kong [18], BCcampus [19] and Global Text Project [24]. There are also projects
and platforms, originally offering online learning resources, but not purposefully used as
official textbooks. These platforms also maintain a repository of open access textbooks.
OER Commons was launched as a digital library for open-licensed educational contents
in 2007,where open access textbookswere offered some years later [15]. Other examples
include Wikibooks [20], Project Gutenberg [25], Saylor Academy [26] and MIT Open
Courseware [27]. Flat World Knowledge originally provided open access textbooks that
are free for online usage. Owing to financial concerns, in 2012, they changed to offer
their textbooks at affordable prices, no longer delivering free open access textbooks.
[28].

To enable the operation of open access textbooks, such as openly allowing others to
use, re-use, re-mix, and re-distribute the book contents, the copyright issues need to be
properly handled, and the provision of open licensing such as Creative Commons is a
solution to solve these issues effectively.

The idea of open licensing is to enable one to grant the rights to use, re-use, re-mix
and re-distribute their creative works to others. In 2001, Lessig who is a law profes-
sor in Harvard University found a non-profit organization, called Creative Commons,
dedicated to building a globally-accessible public commons of knowledge and culture
[10]. It defines a number of open licensing options for open access contents such as
open access textbooks. These open licensing options, called Creative Commons or CC
licenses, provide a free, simple and standardized way to grant copyright permissions
for creative and academic works, while ensuring proper attribution, and allow others to
copy, distribute and make use of those works.
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According to Creative Commons, there are four attributes for open licensing. They
are attribution, non-commercial, no-derivatives and share-alike, denoted by the codes
BY, NC, ND and SA respectively. Attribution (BY) allows others to copy, distribute,
display and make derivative work if giving credits to the author. Non-commercial (NC)
means that others may copy, distribute, display and make derivative work only for non-
commercial purposes. No-derivatives (ND) allows others to copy, distribute and display
but not to make derivative work. Share-alike (SA) means that others may distribute work
under a license that is identical to the license governing the original creative work. There
are six different possible combinations of the four attributes, BY, NC, ND and SA. These
combinations become the possible open licensing options [10], as follows.

• CC BY (attribution) : the rights for others to distribute, re-mix, tweak, and build upon
the author’s work as long as they credit the author.

• CCBY-SA (attribution+ share-alike) : the rights for others to re-mix, tweak, and build
upon the author’s work as long as they credit the author and license new creations
under the identical terms.

• CC BY-ND (attribution + no-derivatives) : the rights for others to re-use the author’s
work for any purpose, but not to be shared in an adapted form, as long as they credit
the author.

• BY-NC (attribution + non-commercial) : the rights for others to re-mix, tweak, and
build upon the author’s work non-commercially as long as they credit the author, while
not necessarily to license new creations on the same terms.

• BY-NC-SA (attribution+ non-commercial+ share-alike) : the rights to re-mix, tweak,
and build upon the author’s work non-commercially as long as they credit the author
and license new creations under the identical terms.

• BY-NC-ND (attribution + non-commercial + no-derivatives) : the rights to use and
share the author’s work as long as they credit the author, but not to change the author’s
work in any way or use them commercially.

The CC licenses have been widely adopted in open access textbooks as well as other
forms of OER and open licensed materials. At least 1.4 billion works have been licensed
under Creative Commons [29].

3 Review of Open Access Textbooks

This section shows a review of six open access textbook platforms or projects, namely,
OpenStaxCNX[14],OERCommons [15],OpenTextbookLibrary [16],OpenTextbooks
for Hong Kong [18], BCcampus [19] and Wikibooks [20].

3.1 OpenStax CNX

Based at the Rice University, OpenStax CNX is a non-profit organization, originally
found as the Connexions or CNX project in 1999, to provide an online repository of
OER for one to contribute and share their educational resources and materials [14].
Connexions started to provide open access textbooks in 2012. Online access to the
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textbooks is free, while the printed version can be available at low cost. Connexions was
subsequently renamed as OpenStax CNX. All their textbooks are peer-reviewed, and
open-licensed under the Creative Commons.

Currently, OpenStax CNX provides over 2,000 open access textbooks in six major
subject areas, namely, arts, business, humanities, mathematics and statistics, science and
technology, and social sciences [14]. They are available for online access or download.
Once registered in the system, teachers can have access to all the textbook contents
and teaching materials for teachers. Prior verification of the teacher status is required.
Adaptation is allowed,where teachers can revise and re-mix the contents, and incorporate
them into other teaching materials to cater for specific teaching and learning needs. They
can share the adapted, revised and re-mixed contents. According to OpenStax CNX, the
textbook contents should be licensed as CC BY, being enabled to be as reusable as
possible.

Quality assurance is emphasized by OpenStax CNX. All open access textbooks are
developed and reviewed by educational practitioners to ensure that the contents are
accurate, readable, understandable, and appropriately organized for a course of study.
OpenStax CNX aims to maintain the online version of textbooks always up-to-date.
Users (teachers and students) are welcome to help review the textbook contents and
submit errata suggestions. Revision of textbook contents would be made, whenever
pedagogically required. Small revisions are usually deployed as online updates. New
edition of a textbook would be produced, whenever there are significant development
and revisions. All revisions need to be reviewed by relevant experts and educational
practitioners in the subject area.

OpenStaxCNX is a non-profit educational initiative at RiceUniversity, believing that
educational resources can be shared, re-used, inter-connected and continually enriched.
Not only supported by Rice University, it has been substantially sponsored by philan-
thropic foundations such as the William and Flora Hewlett Foundation, and Bill and
Melinda Gates Foundation.

3.2 OER Commons

OER Commons was established by a non-profit organization, the Institute for the Study
of Knowledge Management in Education, in 2007. It was initially launched as a digital
library of open-licensed educational resources, which include OER and other instruc-
tional materials, by aggregating the educational resources and standardizing metadata
from their providers [15]. Several years later, it started to offer open access textbooks.
The collected educational resources, including open access textbooks, are licensed under
the Creative Commons.

OER Commons offers over 200 open access textbooks in typical subject areas, such
as arts and humanities, life sciences, physical sciences and social sciences, from the affil-
iated resource providers. These resource providers are open access textbook platforms,
such as OpenStax CNX [14] and BCcampus [19], and universities and organizations
offering open access textbooks. The textbooks are available for online access and down-
load. They are open-licensed under Creative Commons. Teachers are enabled to design
their own curriculums and create their own textbook contents and teaching materials, in
order to adjust their pedagogies to cater for specific teaching and learning needs. They
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can openly share their created and modified book contents and teaching materials with
others.

OER Commons welcome contributions of open textbook contents. The contributed
contents are curated and reviewed for quality assurance and alignment to the required
academic standards. Teachers can conduct reviews and provide comments on the text-
book contents. Teaching quality can be improved through the sharing of teaching prac-
tices. Workshops are provided to help teachers develop curriculums and create textbook
contents and teaching materials.

OER Commons was established by the Institute for the Study of Knowledge Man-
agement in Education with the support of William and Flora Hewlett Foundation. The
Institute establishes alliances between trusted resource providers, and strategic relation-
ships and partnership with other organizations to advance open education and sustain
the development of OER Commons.

3.3 Open Textbook Library

The Open Textbook Library was initiated by the University of Minnesota, aiming to
provide open access textbooks which can be used, re-used, and re-distributed [16]. The
textbooks are freely available for online access or download, while the printed version
is available at low cost.

At present, the Open Textbook Library provides about 700 open access textbooks
under 14 subject areas, such as engineering, humanities, medicine, sciences and social
sciences. These textbooks come from individual authors, open textbook platforms such
as OpenStax CNX [14] and BCcampus [19], and universities and organizations offer-
ing open access textbooks. The textbooks are open-licensed under the Creative Com-
mons. The Open Textbook Library commits to 5Rs (retain, re-use, revise, re-mix and
re-distribute) provision that requires authors to license their contributed contents in CC
BY, whilst not accepting CCBY-ND or CCBY-SA-ND. This encourages re-use, re-mix,
and re-distribution of textbook contents.

The Open Textbook Library has set out guidelines on the open access textbooks.
Besides open-licensed under the Creative Commons, the textbooks must be self-
contained and organized as a complete book in portable formats, such as PDF and
ePub. They must be in use in some higher education institutions, scholarly societies and
professional organizations. They should be original textbooks that are not any derivative
of other textbooks, although some exceptions are allowed. Peer review of textbook con-
tents is another quality assurance measure in the Open Textbook Library. About 60% of
textbooks have been reviewed.

The Open Textbook Library was established by the University of Minnesota, as a
commitment to open education. It is supported by the Open Textbook Network whose
members are universities and institutions advocating open education and OER, and
philanthropic foundations such as the William and Flora Hewlett Foundation. Some
open access textbook platforms, such as OpenStax CNX [14] and BCcampus [19] also
offer support by sharing their textbooks.
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3.4 Open Textbooks for Hong Kong

The Open Textbooks for Hong Kong project was established by the Open University of
Hong Kong in 2012, aiming to provide a platform of open access textbooks for primary,
secondary and higher education inHongKong [17, 18].Open-licensed under theCreative
Commons and in portable formats such as PDF and ePub, the textbooks are available
for online access or download.

The Open Textbooks for Hong Kong provides a complete set of English language
textbooks for primary and secondary education in Hong Kong. For post-secondary and
higher education, there are 126 open access textbooks, under six subject areas, namely,
arts and humanities, business, education, information technology, science and engineer-
ing, and social sciences. Some of these textbooks are contributed by the Open University
of HongKong. Some others are sourced from open textbook platforms such as OpenStax
CNX [14] and BCcampus [19], and universities and organizations offering open access
textbooks.

The Open Textbooks for Hong Kong has set out guidelines for assuring quality of
the open access textbooks. The textbooks for primary and secondary education must
follow the curricular guidelines and subject syllabus in Hong Kong. They are required
to seek the Education Bureau of Hong Kong for approval. Only approved textbooks are
accepted. On the other hand, the open access textbooks for post-secondary and higher
education must be peer-reviewed.

The Open Textbooks for Hong Kong was initiated by the Open University of Hong
Kong, as a commitment to provide education for all. A significant amount of funding
was obtained from the Hong Kong Jockey Club for the initial set-up, also including
the recruitment of professional authors and editor to develop the first batch of open
access textbooks for primary and secondary education. Ongoing development relies on
volunteers who help contribute and review textbook contents.

3.5 BCcampus

Funded by the British Columbia Ministry of Advanced Education, Skills and Training
and theHewlett Foundation,BCcampuswas established in 2012 to provide open-licensed
textbooks for post-secondary students in British Columbia [19]. It aims tomake the post-
secondary education in British Columbia more accessible at low cost through the use
of open-licensed textbooks and OER. All the textbooks are open-licensed under the
Creative Commons.

BCcampus maintains over 300 open access textbooks under typical subject areas,
such as business, engineering, law and mathematics. They are contributed by teachers
of post-secondary institutions in British Columbia. The contents are newly created,
or re-created from other open access textbooks and OER. BCcampus commits to the
5Rs (retain, re-use, revise, re-mix and re-distribute) provision for their textbooks. The
textbooks can be adapted to cater for different curriculum and specific teaching and
learning needs. They are delivered online or in printed forms.

In BCcampus, all textbooks are created or re-created by professional teachers. The
textbook contents must be peer reviewed for quality assurance. BCcampus encour-
ages adaptation and evolution of teaching and learning practices among post-secondary
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institutions in British Columbia, which would help foster continuous improvement and
innovation for post-secondary education.

BCcampus was a key initiative for post-secondary education, made by the British
Columbia Ministry of Advanced Education, Skills and Training. Besides funded by
the British Columbia government, BCcampus is financially supported by the Hewlett
Foundation on specific projects.

3.6 Wikibooks

Wikibookswas established byWikimedia Foundation as a platform of open access books
in 2003. It welcomes open contribution of book contents, and encourages collaborative
development of book contents. All contents are open-licensed under the Creative Com-
mons. The books are intended for learning purposes, so the collection mainly covers
textbooks and instructional books.

Wikibooks maintains a collection of open access books under seven subject areas,
namely, computing, humanities, sciences, mathematics, social sciences, language, and
engineering. There is a separate category of books for kids under the age of 12, called
Wikijunior. Like Wikipedia, Wikibooks delivers the open access books as webpages,
while allowing to download the contents in PDF format. At present, the book contents in
Wikibooks amount to over 85,000 pages. According to Wikibooks, the authors maintain
the property right to their contributed contents, while welcoming others to re-use, revise,
re-mix, and share derivative contents.All booksmust be open-licensed under theCreative
Commons as CC BY-SA to ensure that the contents can always be reproduced or re-
distributed.

In principle, there is no restriction for one to contribute book contents, as long as
the nature of the contributed book contents are instructional. Fictional books and non-
fictional books that are not instructional are not accepted. Verbatim copies of pre-existing
works are not permitted whilst annotated texts are allowed. Guidelines are set out in the
“deletion policy”. Book contents will be deleted if they are too narrowly defined or do
not have a decent definition, or they are not meaningful content, or they would no longer
be educational resources.

Wikibooks was initiated and hosted by the Wikimedia Foundation which is a non-
profit and charitable organization dedicated to the development and distribution of mul-
tilingual contents, and to openly provide the contents free of charge. Its operation is
sustained by voluntarism and donation.

4 Operation Model of Open Access Textbooks

Based on the review of OpenStax CNX, OER Commons, Open Textbook Library, Open
Textbooks for Hong Kong, BCcampus and Wikibooks, this section describes the typical
operation model of open access textbooks, which include the initial set-up of an open
access textbook platform, sourcing and updating of textbook contents, open-licenses and
the 5Rs (retain, re-use, revise, re-mix and re-distribute) provision of textbook contents,
and review and quality assurance.
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Initial Set-up of an Open Access Textbook Platform. Open access textbook plat-
forms are usually initiated by universities, institutions, governmental and non-
government organizations. For example, the OpenStax CNX was initiated by the Rice
University, the Open Textbook Library by the University of Minnesota, the Open Text-
books for Hong Kong by the Open University of Hong Kong, the BCcampus by the
Ministry of Advanced Education, Skills and Training of British Columbia, the OER
Commons by the Institute for the Study of Knowledge Management in Education, and
the Wikibooks by the Wikimedia Foundation. They are committed to providing open
access textbooks and OER for the general public, and have common belief to promote
open contribution and sharing of open access textbooks and other OER through the
appropriate open-licensing options. Significant financial supports from foundations and
charities are required, for example the William and Flora Hewlett Foundation, and Bill
and Melinda Gates Foundation.

Sourcing and Updating of Textbook Contents. There are a number of channels to
sourcing open access textbook contents. First, the contents are directly contributed by
authors. Second, the contents are adapted and re-used from other open licensed book
contents and/or OER. Third, the contents are directly shared from other open access
textbook platforms, such as OER Commons, and Open Textbook Library. There are also
cases that some textbook publishers would like to contribute some of their textbooks as
open access textbooks. It is emphasized in the open access platforms to keep the open
access textbooks up-to-dated. Minor revisions on textbook contents are usually made
as errata. New releases or editions of the textbooks will be produced whenever major
revisions are made. Like typical textbooks, all revisions need to be reviewed or verified
before deployment.

Open Licenses and the 5Rs of Textbook Contents. As open access textbooks are by
nature OER that are openly available for the general public, the textbook contents must
be open licensed to enable open accesses. Almost all open access textbook platforms
adopt the open licensing options under the Creative Commons. Besides open-licensed
for free usage, many open access textbook platforms encourage their textbook contents
to be maximally shared with the 5Rs (retain, re-use, revise, re-mix and re-distribute)
provision, for example, OpenStax CNX, OER Commons, Open Textbook Library, Open
Textbooks for HongKong, andWikibooks. TheOpenStax CNX,Open Textbook Library
and Wikibooks even explicitly require the textbook contents to be open-licensed under
the Creative Commons as CC BY or CC BY-SA, while not accepting CC BY-ND or CC
BY-SA-ND.

Review and Quality Assurance of Textbook Contents. Like other OER, open access
textbooks openly welcome contributions from the public. Inevitably, there are valid
concerns on how to assure the quality of the textbook contents. In many open access
textbook platforms, there are review mechanisms and measures or assuring the quality
of the textbook contents. Peer review is adopted by almost all open access textbook
platforms. It may not be guaranteed that all the open access textbooks in a platform are
fully reviewed. For example, in Open Textbook Library, about 60% of textbooks have
been reviewed. Some open access textbook platforms, such as OpenStax CNX, OER
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Commons, and BCcampus, require the review to be conducted by professional teach-
ers. The Open Textbooks for Hong Kong even requires that the open access textbooks
for primary and secondary education must obtain the prior approval from the Educa-
tion Bureau of Hong Kong. In Wikibooks, guidelines are set out to remove unqualified
textbook contents.

5 Conclusion

For over a decade, open access textbooks have gradually evolved into a major source
of textbooks. It is widely accepted that open access textbooks as well as other OER
are useful for learning purposes. Initiated by universities, institutions, governmental and
non-government organizations, and supported by charities and foundations, many open
access textbook platforms have become stabilized to provide reliable textbooks, openly
for one to use, re-use, re-mix and re-distribute. The adoption of open access textbooks is
essentially a revolutionary change in practices. The success of these open access textbook
platforms clearly shows that the open and sharing culture has becomemature and earned
much support from the general public.

Through a review of six well-established open access textbook platforms, namely,
OpenStax CNX, OER Commons, Open Textbook Library, Open Textbooks for Hong
Kong, BCcampus and Wikibooks, this paper investigates the typical operation of open
access textbooks, including the initial set-up, sourcing of textbook contents, provision
of open licenses, and review and quality assurance measures. Among these successful
textbook platforms, there are many similarities in operation as well as common belief
on the sharing of resources. They commit to advocate the open sharing of educational
resources. Open contributions of textbook contents are welcomed. Open licensing is
emphasized, and most of them adopt open licensing options that promote maximum
sharing, such as CC BY and CC BY-SA. The 5Rs (retain, re-use, revise, re-mix and re-
distribute) provision of the textbook contents are their common belief. Quality assurance
are emphasized, and peer review is their common practices for ensuring the quality and
standards of the open access textbooks.

The sharing of educational resources over the Internet is now a common practice.
Open access textbooks, as well as other forms of OER such as massive open online
courses and open courseware, have become a driving force for making education well
accessible to all. This resembles a paradigm shift for intellectual properties to move
towards open access and sharing. Good examples include open-source software such as
Linux and Android, and open platforms such as Google. It is favourably believed that
open access textbooks would be the order of the day soon.
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Abstract. E-learning packaged platforms have become highly popular in
Japanese tertiaryEnglish education as tools to assist studentswith completing stan-
dardized English certifications such as TOEIC and IELTS.However, little research
has been conducted into the experiences of students with newer communication-
oriented e-learning platforms. This paper assesses a class of Japanese undergrad-
uate students who completed a year-long course of English study which made
extensive use of one such e-learning platform. Students were surveyed regarding
the benefits and drawbacks of their e-learning experiences, including the impacts
on their overall English abilities and their opinions about the platform.Thefindings
show that students primarily expressed appreciation for the increased opportunity
to expand their learning with well-organized and more contextually diverse con-
tent. The primary drawbacks included some students finding the difficulty level to
be inappropriately high. The results also give instructors valuable insights into how
to incorporate communication-oriented e-learning platforms into their classrooms.

Keywords: E-learning · Japanese students · Blended language learning

1 Introduction

As a result of numerous improvements in efficiently and convenience made possible by
computer technology, online learning options have become vital additions to universities
and other educational institutions the world over. With respect to language learning in
particular, e-learning is believed to give students a deeper wealth of language learning
opportunities beyond the usual the classroom schedule [1, 2]. Japan is no exception
when it comes to experimenting with e-learning, with some research claiming that “[E]-
learning is being carried out in all levels of schooling, especially in higher education” [3].
Japan remains verymuch behindwhen it comes to overall adoption of these newmethods
[4]. However, when it comes to English language learning, blended learning has become
fairly normalised in higher education settings. This includes online activities included
simultaneously during regular face-to-face classes, as well as assigned for homework
[5]. In addition to open or free online learning resources, web and mobile based com-
mercial e-learning platforms have also come into widespread use. These systemsmake it
possible for educational organizations to provide students with distance learning, online
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collaboration with students at different campuses, and autonomous self-study [6]. The
obvious benefits for students include easy and convenient access to learning resources
anytime fromanywhere. For teachers, it enablesmanaging andgrading students’ progress
with relative ease, owing to many processes being automated. Varying from platform
to platform, some of drawbacks might include the inability for instructors to customise
the content, and students being unable to self-motivate, either due to the monotony of
the content or other criticisms. Customisable platforms are vital for different students
with different educational background and abilities. Where these platforms are specifi-
cally language learning oriented, they are most commonly used as practical training for
the preparation of taking standardised tests, often necessary when applying for certain
careers or graduate programmes [7].

In Japan, packaged e-learning platforms have become highly popular among students
takingEnglish courses in tertiary organisations as tools to assist studentswith completing
standardised English certifications, such as TOIEC, IELTS, and other supplementary
materials. These materials expand students’ English learning opportunities and help
familiarise them with the expectations of their future employers. However, it remains
common to have students work on these programmes in lockstep without having the
flexibility to choose what lessons or topics to focus on. This drawback is among others
that are well understood by researchers, but the benefits remain much more numerous
and pronounced [3, 8] . When conducting this research Wang et al. [3] consider the
following to be the most important consideration:

“It is clear that when e-learning is employed, learners’ learning devices, learners’
learning styles, their preferred learning time and other learning habits should be
taken into consideration. Fully understanding students’ e-learning habits should
help e-learning teachers design an appropriate and effective e-learning program”
(p. 222).

Studies have shown that investigation of students’ preferences, backgrounds, and
different opinions on the use of computers in language learning is crucial knowledge for
teachers to be able to provide online education successfully [9, 10]. Nonetheless, investi-
gations of Japanese students’ own evaluations of packaged e-learning platforms remain
sparse. A previous study on Japanese students’ perceptions of a similar e-learning plat-
form as the one used in the Fpresent study suggests that different students success with
e-learning varies according to their individual needs and preferences [7], a result which
is in accordance with similar findings by Smart and Cappel [8]. In addition, students’
perceptions were strongly influenced by their previous language learning experiences
[7] and their own proficiency levels [9]. Furthermore, Japanese students lack a great deal
of verbal communication training since throughout their school years there is a persistent
emphasis on standardised entrance examinations focused on grammar, vocabulary, and
reading ability [11]. Therefore, those students who remain passionate about learning
English tend to be eager to develop these skills above all else [12]. As yet, little research
has been conducted into the experiences of students with newer communication-oriented
e-learning platforms in Japan. There is a need for research concerning how these plat-
formsmight need to be developed and presented differently, for these students and others
who have a strong desire to improve their communication skills.
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2 The Study

2.1 Purpose

The primary aim of this study was to investigate how a class of Japanese students,
who otherwise lacked substantial prior English speaking and online language learning
experience, perceived a specific communication-oriented e-learning platform. Based on
similar blended learning research conducted by Kobayashi and Little [9], students in this
study were surveyed in order to provide answers to the following research questions:

1. What do students consider to be the benefits and drawbacks of the communication-
oriented e-learning platform with respect to their own learning experiences and
progress?

2. How do the students perceive the benefits and drawbacks of the platform in terms of
its design, functionality, ease of use, etc.?

Answering these questions may help instructors develop their own frameworks for
assessing whether a given e-learning platform is appropriate for their communication-
oriented blended learning classrooms, and how to introduce them to students.

3 Procedure and Settings

3.1 Participants and Settings

The participants were fifteen full-time second year male students at a Japanese univer-
sity, majoring in electronics and information engineering, and life science and technol-
ogy. Through their studies, the students are all sufficiently computer savvy. In addition,
all the students are experienced with smartphones. They are also accustomed to the
almost exclusively pen-and-paper lecture-style language classrooms typical to Japanese
secondary schools. In these classrooms, the focus is on training for examinations and
speaking opportunities are very limited [13]. All the students had learned English for
seven years and had attained a beginners’ or a lower-intermediate level of proficiency.
While students did have various amounts of experiencing using digital resources and
e-learning systems, none of the students had prior experience working with online lan-
guage learning in their classrooms or beyond.As a result, only a small number of students
were particularly enthusiastic about the online component of the course – an experience
mirrored by Kobayashi & Little [9] in their research.

3.2 Course Description

The class, in which the present research was conducted, was scheduled for one and a
half hours each week in a computer room during a 15-week, two semester-long elective
English courses, as a part of students’ general education requirement. These courses
are based on a blended learning structure combining face-to-face conventional teacher-
directed instruction with an accompanying textbook, and an e-learning module. These
courses are designed to encourage students to improve their speaking ability and expand
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their lexical and grammatical skills based on communicative learning methods. These
courses are among the choices students have for their last compulsory English course
that they will take as part of their regular university programmes. Therefore, they play an
important role in determining how students will perform in pursuit of their engineering
careers. Students were required to work on the e-learning platform both inside and
outside the classroom.

3.3 Platform Description

The e-learning platform used in this study is called ‘Business Speaking’ [14] which pro-
vides awide variety of English language learning exercises and practical activities. In this
platform, students engage in various realistic business situations such as attending formal
meetings and negotiations, making business phone calls, and conducting interviews. In
order to extend students’ vocabulary and expand their comprehensive knowledge of busi-
ness English, these exercises cover more than 600 English expressions typically used in
business situations. This platform contains 30 lessons in total, with each lesson estimated
to take approximately 45 to 60 min to work through. The lessons include a variety of
fundamental communicative functions which are vital for university students to acquire
before they graduate from university. Examples of these functions include, agreeing and
disagreeing, showing interest in other people, exchanging information euphemistically,
as well as understanding intercultural communication. Another notable characteristic of
this platform is that six different English dialects (American, Canadian, British, Aus-
tralian, Singaporean and Indian) were used to familiarise students with different accents.
Each lesson is divided into roughly five sections: listening comprehension exercises,
description of lexical and grammatical phrases in the listening, grammar exercises and
listening drills, pronunciation exercises requiring students to record themselves, listen-
ing skills practice, and a review test to see what students have learned throughout the
lesson. These units, which include multiple choice questions, help students go over what
they have learned according to a regular routine. The platform also enables students to
look at audio scripts and explanations of the target grammar. This platform has been
created to help students achieve a B1 level [15], commensurate to a TOEIC (Test of
English for International Communication) L & R score of 550–780. This platform also
enables instructors to monitor how far students have progressed with their lessons. This
is a computer-based platform and is compatible with smartphones.

An additional component of this platform, which was not available to students in
this course, is an interactive conversation exercise conducted with a real person using
internet video chat. Later speculation is offered in the discussion section regarding how
this might have affected students’ responses if it was included.

3.4 Student Feedback

After the courses had been completed data was collected from a 30-item anonymous
questionnaire, which was distributed to the students. The aim of collecting the data
was to seek opinions on the ‘Business Speaking’ e-learning platform. Then from their
feedback, evaluate how effectively individual students were able to utilize the platform
for improving their verbal communication skills, and what they thought of the platform
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in terms of its design, presentation, and content suitability. The rating scale used in the
questionnaire was a 10-point Likert Scale with 1 representing “strongly disagree” and 10
representing “strongly agree”. The responses were totalled and averaged to attain amean
response for each question. A standard deviation was also obtained, and the findings are
presented asmean± SD.Due to the small sample size, the datawas carefully checked for
outliers and none of responses needed to be eliminated. Students were also given space
to provide their written responses to general questions about the quality of the platform.
These written responses were used to verify the numerical scores and add insight to the
overall findings.

4 Results

4.1 Survey Scores

Overall students’ responses appeared lukewarm throughout the questionnaire, with an
overall average score of 6.2.However, studentswere especially satisfiedwith the quantity
and quality of the exercises (Q3, Q4) along with the variety of words and phrases (Q1),
while being most critical of the still limited opportunities to practice speaking (Q10).
Students also expressed difficulty understanding their own progress (Q9), and often
struggled with the pre-recording listening content (Q2). On the whole, students tended
to be quite divided, giving consistently low or consistently high scores for each question.
The descriptive evaluations of these scores are made holistically with considerations for
students’ written feedback and classroom observations (Table 1).

Table 1. Results of the questionnaire: students’ satisfaction with the platform 1

Questions Average (±SD)

1. I was able to learn the various words, phrases, and sentences 6.8 (1.2)

2. The listening content was easy to follow as a non-native speaker 5.5 (1.6)

3. The number of exercises was appropriate 6.7 (2.0)

4. The quality of exercises was appropriate 7.0 (1.8)

5. The course provided me with the skills and knowledge necessary for
business situations

5.5 (1.6)

Students were divided on whether the skills and knowledge taught in the course was
necessary for them in future business situations (Q5). However, they were somewhat
more positive about being able to picture themselves in these scenarios (Q7). Although
most students were satisfied with the quality of the explanations given for the answers
to questions in the course (Q6), students were very divided about the appropriateness of
the course’s difficulty (Q8) (Table 2).

Students were divided on whether the course provided a valuable English learning
experience (Q11). Those whose scores for this question were low expressed that they
struggled with the difficulty of the exercises and, therefore, could not fully appreciate the
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Table 2. Results of the questionnaire: students’ satisfaction with the platform 2

Questions Average (±SD)

6. The quality of the explanations for the solutions was appropriate 6.6 (1.8)

7. I was able to picture myself in these business situations 6.5 (2.1)

8. The lessons were appropriate to my English level 5.4 (2.3)

9. The platform enabled me to recognize my own learning progress 5.3 (1.8)

10. The platform provided me with opportunities to practice speaking 5.1 (2.3)

course (Q15). These same students did not experience any increase in their motivation
to Study English as a result of completing the course (Q12). On the other hand, half
of them still appeared to believe that the e-learning style of English study was right for
them (Q13). There was also some controversy among students with regards to how well
each of the four skills was catered to (reading, listening, writing and speaking) (Q14)
(Table 3).

Table 3. Results of the questionnaire: students’ satisfaction with the platform 3

Questions Average (±SD)

11. The platform helped me to have valuable English learning experiences 6.5 (2.0)

12. The platform helped me enhance my motivation to study English more 6.1 (2.3)

13. The platform was compatible with how I like to learn English 6.1 (2.3)

14. The four skills were provided in a well-balanced way 5.7 (2.3)

15. Completing the course gave me a sense of accomplishment 5.7 (1.9)

Unfortunately, just over half of the students reported feeling a low sense of accom-
plishment (Q15) and found the course content difficult to navigate (Q18). However,
overall students were satisfied with the design and functionality of the course (Q16,
Q17, Q19) (Tables 4 and 5).

Table 4. Results of the questionnaire: students’ satisfaction with the functions 4

Questions Average (±SD)

16. The platform had a simple and clear screen layout 7.1 (2.0)

17. The platform had an easy-to-use interface 7.1 (1.6)

18. The platform was easy to navigate 5.6 (1.5)

19. The platform had an easy-to-use audio playback system 6.7 (2.0)

20. The lessons were well-laid-out and easy to follow 6.7 (2.0)
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Table 5. Results of the questionnaire: students’ satisfaction with the overall assessment 5

Questions Average (±SD)

21. Were you satisfied with the “explanation of the exercises” section? 6.5 (1.9)

22. Were you satisfied with the “listening exercises” section? 6.3 (1.8)

23. Were you satisfied with the “Review of the words and phrases” section? 6.3 (1.9)

24. Were you satisfied with the “basic grammar” section? 6.9 (1.8)

25. Were you satisfied with the “pronunciation” section? 6.0 (2.2)

26. Were you satisfied with the “review” section? 6.4 (1.8)

27. Were you satisfied with the “Test” section? 6.3 (2.2)

28. Were you satisfied with the “Score with explanation” section? 6.5 (2.1)

4.2 Written Responses

Students’ written feedback provides significant insights into how they view their e-
learning experiences. When asked about the benefits of the course, students provided
various encouraging responses. Students thought the lessons “well-organized” and “well-
written” and expressed satisfactionwith being able tomonitor their own learning through
being “able to see [their] own progress and scores.” Students also appreciated how
the course would provide them with “repeated exposure” to the “large number” and
“wide variety” of exercises. Students pointed out the effectiveness of being able to
learn through having to do “grammar and listening exercises at the same time.” More
than half of the students pointed out the ease of “doing exercises with software” as
opposed to having to “open up paper-based textbooks [or] exercise books.” Students
also expressed surprise at being “able to use [their] smartphones,” something that was
new to their language learning experiences. In addition, some students also stated that
“the explanations and instructions were easy and straightforward to understand.” There
were two students who expressed that they found the exposure to the different English
dialects useful. The majority of students commented favourably on the “opportunity to
listen to conversations” whose “contexts were clear” or presented in “easily imagined
real-life situations,” which is in contrast to the exclusively exam-oriented materials from
their previous English education.

It was clear from many of the students’ comments that they recognised some con-
tradiction in the goal of learning spoken English using a mostly listening-based system.
Some students expressed difficulty “imaging what real conversations are like” in many
of these business situations. Other students found the speakers in the listening exercises
“talked too fast” for them to be able to follow. Students also expressed “disappointment
with [having] limited verbal exercises” throughout the course. There were three students
who lamented the fact that the coursewasmostlymultiple-choice questions and answers.
Oneof those students recommended improving the platformwith support for voice recog-
nition. Another student expressed that he was “unable to improve [his] pronunciation,”
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with another noting “irrelevance between illustrations and the conversations.” There was
also a student who requested videos, instead of illustrations.

There were some other minor usability issues students expressed having with the
platform. For example, students expressed frustration with the repeated need to provide
their passwords to log in and get started. Another student wished to be able to control the
speed of the listening sections. There were also various complaints about the difficulty
of navigating through the system.

There was nothing in the written results that contrasted significantly with the
questionnaire responses given previously.

5 Discussion and Conclusions

This small-scale study of Japanese university students’ views on the benefits and draw-
backs of the communication-oriented e-learning platform was too small to provide reli-
ably generalisable results or robust data. However, given that these courses are taught by
the researcher (as active research), the accompanying wealth of qualitative observation
may serve as valuable information for instructorswho intend to implement e-learning into
their own blended language classes, or for researchers intending to pursue larger studies.
In terms of the unique contributions of using an e-learning system, in general students
reported that the platform provided them with ample opportunity to self-improve their
English ability with well-arranged and presented lesson and exercises. They enjoyed the
familiar multiple-choice question-answer assessment style coupledwith the less familiar
immediate instructional feedback made possible by a software solution. Many students
also highly rated the ability to monitor their own progress and scores, recognising the
course’s value as a self-learning tool. For Japanese who are often believed to prize con-
formity and controlled variation, this e-learning platform is likely to be well received by
both instructors and students alike. However, given one of the ideals of online learning
is the opportunity for flexibility and autonomy in the pursuit of learning goals [5], the
e-learning platform does fail in this regard, making it somewhat less than ideal as a
pioneering system. With regards to language learning more generally, students reported
that the course helped them to improve their listening comprehension skills. This is
an experience common to students participating in e-language learning courses, since
improvements to listening skills are a principle benefit of blended learning [9]. The
course also helped students appreciate how the business-oriented scenarios presented
were true to real-life conversations which they could easily imagine. Due to the ease of
doing lessons made possible by the software solution, they thought the course was effec-
tive in preparing them well for success in their future workplace, expressing confidence
that the various expressions they had learned would serve them well.

However, it is clear that the primary key to success for students in this course was
whether or not the content was appropriate to their language level. For those whom
the lessons were appropriate, they had little difficulty acquiring the new unfamiliar
functions and language characteristics. In contrast, students who reported low scores
for the appropriateness of the content did not engage with exercises in productive ways
throughout the course. This is of course true of any course of language learning, whether
electronic or pen-and-paper based. Therefore, it remains unclear from these findings,
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whether or not the students performed better using this e-learning platform than they
would have if they had learned the same content from a traditional Japanese English
language classroom. This is an area where more research is needed, because if students
do not diversify away from the learning approaches that they are used to, they may
remain unable to motivate themselves to further improve and practice their speaking and
other language skills [16].

The major drawback of this particular learning platform, which presents itself as
a speaking course, is that many students quickly realised they would not need to rely
upon their speaking skills to complete the course. Students who were enthusiastic about
making improvements in this area heavily criticized the use of multiple-choice assess-
ment and some were specifically sceptical about the legitimacy of such an assessment
method in a communication-based course. This lack of speaking practice is very likely
to have resulted in the majority of students failing to achieve a strong sense of accom-
plishment. It is hypothesized that the large amount of in-class speaking practice students
were given may have emphasised the passivity and monotony generated by the afore-
mentioned inflexibility of this particular e-learning platform. A study conducted by Lee
and Im [17] agrees that as students become accustomed to online learning, their expec-
tations and imaginations about what may be possible tend to grow. Since technologies
such as voice recognition are now widely available, it makes sense that some students
would wonder why this kind of feature isn’t already available. This suggests that the
majority of students saw the need for a close relationship between what they might do
face-to-face with real interlocutors and what they learn to do using an e-learning plat-
form. It is important to mention here that the platform can be packaged with a speaking
component utilising live internet video chat with English teachers. If students had had a
chance to use this component, they could have improved their speaking skills.

Overall, the e-learning course reviewed in this study proved effective in providing
students with a large selection of English language content featuring many of the ben-
eficial features intrinsic to computerised learning, including an ability to learn at one’s
own pace, in one’s own time, with real-time feedback and progress reporting. However,
in terms of the course’s specific objective to improve speaking skills, this course did not
provide any uniquely encouraging features. With that being said, students were largely
satisfied with the included content, which focused on business English. Despite the lack
of speaking practice, students who completed the course still expressed a keenness to
improve their overall language skills, especially their speaking skills in the future.

In order to maximize the effectiveness of communication-oriented e-learning itself
though, it appears clear that a means to increase students’ opportunities to engage in
conversation is essential, just as it is essential in offline learning environments as well.
Whether or not e-language-learning can substitute for these more resource intensive
learning environments, especially in countries where conversation with native speakers
of English are difficult to achieve, remains an important avenue for future research.
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Abstract. The nature of STEM education is to cultivate interdisciplinary talents
with scientific spirit and innovative ability. To this end, it is advisable and funda-
mental to build effective STEM courses systematically, so that both teachers and
students can follow. This study refined and proposed the development process of
STEM courses in junior middle school via literature review. Based on it, a two-
round action research was conducted in practice to showcase, test and optimize
the course development process, taking “the Making of Aromatherapy Wax Pro-
duct” as a case. The results showed that the course developed on the basis of this
process helped to effectively reach the course objectives and promote students’
scientific inquiry spirit, engineering thinking, mathematical literacy, and technical
ability. In addition, it also had a positive impact on students’ communication and
collaborative ability, which provides a reference for the practice and application
of STEM education in middle schools in China.

Keywords: STEM education · Course development · STEM course

1 Introduction

STEM is the abbreviation of science, technology, engineering, and mathematics. In the
21st century, the demand for talents has been changing from professional to diversified
and innovative talents. Traditional discipline-based teaching lays a good foundation for
students, but it cuts off the links among disciplines and hinders students from developing
the ability to solve problems using comprehensive knowledge and skills. The advent and
widespread of STEM education help to solve this problem gradually. STEM education
is characterized by interdisciplinary learning, emphasizing the use of multidisciplinary
knowledge to solve problems in real situation. Through STEM education, students’
scientific spirit and innovative practical ability can be improved, which meets the need
of cultivating new-era talents.

The fundamental way to develop STEMeducation is to design and implement STEM
courses. Driven by national policies, both domestic and foreign scholars have attached
great attention to it. However, how to build an effective STEM course systematically is
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still a challenge in this field. Literature reviews show that studies on STEM courses in
recent years mainly focus on integration methods, teaching models and course devel-
opment. (1) Integration methods. Numerous interpretations of integrating the STEM
disciplines have appeared in the literature. Ranging from a single discipline to multidis-
ciplinary and transdisciplinary perspectives [1], the notions of STEM integration remain
vague and often contentious [2]. Herschbach proposed two integration models of STEM
courses [3]: the correlated curriculum and the broad-fields curriculum. Lyn D. English
argues for a greater focus on STEM integration, with a more equitable representation of
the four disciplines in studies purporting to advance STEM learning [4]. (2) Teaching
models. In the need of guiding the practice of STEM course, scholars gradually turn to
the exploration of teaching models. Nowadays, typical STEM teaching models used out-
side China are the 5E-teaching model [5] based on constructivism and the 6E-teaching
model [6] based on engineering design theory. Specifically, the basic steps of the 5E-
teaching model include Engage, Explore, Explain, Elaborate, and Evaluate. By referring
to the 5E model, the 6E-teaching model integrates engineering design to promote stu-
dents’ cognition of engineering process. (3) Course development. Local schools and
water companies in Melbourne built a STEM course called Melbourne’s Water Story
[7] to promote students’ awareness of water conservation. The Mars education program
[8] developed by Arizona state university (ASU) and NASA’s jet propulsion laboratory
(JPL) served as a classic case of STEM practice.

Taking CNKI as the source, 851 articles were retrieved with “STEM course” and
“STEM curriculum” as keywords, of which only 35 were related to curriculum or course
development. Moreover, as most of the articles talked about the development and imple-
mentation of teaching cases, little attention was paid to the course development process
comprehensively. Therefore, we proposed a development process of STEM courses in
junior middle school as a solution to solve this problem and used action research method
to verify its feasibility, enriching the theory and practice of STEM course design.

2 The Development Process of STEM Courses

According to the theories of Taylor [9], Schwab [10], Bobbitt [11] and other scholars,
the elements of a course development mainly include goals, content, evaluation, and
activities. While STEM emphasizes real problem situation, project-based learning and
collaborative interaction in groups, the development process of STEM courses can be
captured by seven steps: preliminary analysis, defining theme, setting learning goals,
choosing learning content, designing learning activities, designing learning evaluation
and designing learning support, as shown in Fig. 1.

1. Preliminary analysis: (1) Analyze school condition, including school features, finan-
cial support, teaching facilities and resources; (2) Analyze teachers’ qualification,
such as the number of teachers in each subject, and whether they have STEM teach-
ing experience; (3) Analyze learners’ characteristics, including the initial level and
learning attitude.

2. Defining theme: (1) Collect learning topics from different ways, including real life
problems, subject knowledge, frontiers of science and technology, special culture,
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Fig. 1. Flow chart of the development process of STEM courses in junior middle school.

etc.; (2)Determine the typeof the theme, includingbut not limited to verification type,
inquiry type, design type and creative type; (3) Finalize the theme content according
to the following factors: school education concept, facilities and resources, teachers’
background, students’ interests and so on.

3. Setting learning goals: (1)Determine the overall teaching goals,which can be divided
into three parts: knowledge and skills, process and methods, emotional attitude and
value; (2) Decompose the goals from STEM perspective, i.e. science, technology,
engineering and mathematics respectively.

4. Choosing learning content: Not only pay attention to the integration of interdisci-
plinary knowledge (chemical, biological, physical, etc.), but also distinguish the
content of different knowledge and skills (scientific, technical, engineering and
mathematical) related to the theme of the course.

5. Designing learning activities: According to the 5EX interdisciplinary learning activ-
ity design model proposed by Kedong Li [12], the teaching procedure can be divided
intofive stages: Enter andQuestions (EQ),Exploration andMathematics (EM),Engi-
neering and Technology (ET), Expansion and Creativity (EC), and Evaluation and
Reflection (ER). Specifically,

– EQ means that teachers provide students with videos, reading materials, sur-
veys, etc., enabling students to get involved in real situations, arouse their inter-
est, and then post questions to trigger students’ preliminary thinking during the
introduction phase.

– EM focuses on arranging activities targeting to questions or tasks that pre-
viously proposed, which requires students to find solutions through scientific
inquiry methods (experiments, on-site observations, investigations, etc.) and
mathematical methods (measuring, calculating, etc.).

– ET aims to improve students’ hands-on ability by encouraging them to undertake
tasks, take part in engineering design process, complete tasks collaborativelywith
technology and tools. That is exactly what “learning by doing” implies.

– EC is to empower students to connect theory to practice, and propose creative
ideas to make the existing solution more polished or extensive.

– ER concentrates on multi-dimensional evaluation for comprehensive mastery
of knowledge and skills, including teacher evaluation, student self-evaluation
and peer assessment. In general, basic knowledge, STEM literacy, and student
self-reflection should all be included in the evaluation index system.
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6. Designing learning evaluation: (1) Basic knowledge, including basic concepts which
are closely related to the associated subjects. They can be tested by means of ques-
tionnaires, paper-and-pencil standardized tests, study notes, etc.; (2) STEM literacy,
including science literacy, technology literacy, engineering literacy and mathemati-
cal literacy. They can be tested by paper-and-pencil tests, in-class observations, study
notes, presentations, product displays, etc.; (3) Students’ self-reflection, which can
be collected by PMIQ form (P stands for Plus, which represents what I have learned;
M stands forMinus, which represents what I havemissed; I stands for Interest, which
represents what I’m interested in; Q stands for question, which represents questions
I still have).

7. Designing learning support: Prepare resources and materials students may use dur-
ing the learning process, including the guidance of learning activities (e.g. popular
sciencematerials, operating instructions, evaluation criteria of works), student work-
sheets, multi-dimensional forms (student self-evaluation form, teacher evaluation
form, PMIQ form), etc.

3 Implementation and Improvement of the Development Process

In this section, a two-round action research was conducted to showcase, test and opti-
mize the above course development process, taking “the Making of Aromatherapy Wax
Product” as a case.

3.1 Course Introduction

The realistic problem of this course is that about 27% of the people in the world are
suffering from sleep disorders. This may not only cause emotional problems but also
increase the risk of diabetes and heart disease. Therefore, it is necessary to find an easy
way to effectively improve the sleep quality. For this purpose, the theme of this course
is set to encourage students to use a certain kind of essential oil and wax to design and
make an aromatic product with total cost less than 50 RMB (in order to save resources
and costs). The Chinese name of this course is “Cui Xiang Mian”, where “Cui” means
the extraction of essential oils, “Xiang” means aromatic, and “Mian” means improving
the sleep quality. The teaching content includes several parts, such as candle-making,
scientific inquiring experiments, as well as the classification, extraction, and the history
of aromatherapy.

3.2 Methodology

Participants. The participants involved in this study were the students of class 1 and
class 2 in the second grade of Dongguan Songshanhu Experimental Middle School.
There were 30 students in each class, with 22 males and 38 females. Some of them had
the experience of engaging in STEM competitions and had a strong desire to participate.

Instrumentation. This study used two-round action research method, survey method
and qualitative analysis method to test the feasibility of the development process and
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optimize it. Specifically, action research was utilized in this study to seek transformative
change in the process of the course development. Conforming to the development process
we proposed, the preliminary process of this course is illustrated in Fig. 2.

Fig. 2. Preliminary development process of this course.

Survey method was used to collect data in pre-test and post-test. The questionnaire
was adopted froman assessment scale developed by theConnecticut ScienceCenter [13],
science curriculum standards of junior high school of Chinese compulsory education
(2011 edition) [14], and integrated with the characteristics of this course. There were 17
questions in pre-test and post-test respectively to investigate students’ learning attitudes,
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teachers’ teachingmethods, students’ learning effects, and students’ STEM literacy. The
result from SPSS showed that the questionnaire had high reliability and validity, with
the reliability coefficient value 0.662 and validity value 0.704.

Qualitative analysismethodwas used to collect teachers’ and students’ opinion on the
course and their experience, acquisition and suggestions, including student worksheet,
teacher evaluation form, student self-evaluation form, and PMIQ form. Specifically,
student worksheet was used in class to record student’s learning process and take notes
during the experiments, which typically consisted of fill-in blanks of basic knowledge
points, inquiry plans, engineering design drafts, etc. Teacher evaluation form was a
subjective evaluation scale to assess students’ performance by teachers. It contained
lists of teachers’ opinions on students’ in-class performance in 9 activities, which was
ranked by level A (exemplary) to level D (beginning). Student self-evaluation form was
similar to teacher evaluation form, which was ranked by the students themselves instead
of the teachers about their learning satisfaction and gains. PMIQ form was for student
summary and reflection, including what students have learned, what they have missed,
what they’re interested in and the questions they still have.

Data Collection and Analysis Procedures. In the first round of action research, we
formulated an experimental plan and designed the STEM course by implementing the
development process, then optimized it by analyzing the survey result and data collected
through in-class observation.After the optimization,wemade the second-round practice.
Data collected from the survey and in-class observation were analyzed again. Note that
before and after each round, students were required to fill in the questionnaire (pre-
test and post-test) so that teachers could know students’ learning situation to optimize
the process. Finally, we summarized the experience in combination with the results of
qualitative analysis (teacher evaluation form, student self-evaluation form, and student
worksheets) so as to propose suggestions for future improvement.

As usual, before the survey was administered, permission was granted to conduct
the research. All student participation was both anonymous and voluntary. The survey
was administered in paper format during the participants’ mid-class break. All responses
were entered into Microsoft Excel and then imported into SPSS for statistical analysis.
In addition, the responses to teacher evaluation form, student self-evaluation form, and
student worksheets were all examined carefully by teachers after the course.

3.3 Teaching Implementation and Results

Effect and Improvement of the First-Round Teaching. This STEM course started in
September 2018, and contained 9 lessons. The first-round teaching started from Septem-
ber to mid-November. Before the first round of action research, the students in the two
classeswere surveyed through a pre-test questionnaire and the resultswere tested through
SPSS independent-samples T test. The results showed that there was no significant
difference in the initial level of the students in these two classes.

Due to space limitation, the first-round teaching process was omitted. We only listed
the in-class observation and improvement suggestions.
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Observation
– Observationof teachers. Through the observationof teachers,we found that the teacher
gave too much guidance to the students during experimental class while they were
supposed to explore independently. In addition, due to the teacher’s ignorance of
emphasizing the standard of filling out the worksheets and the evaluation form, the
quality of these documents was generally low.

– Observation of students. Through the observation of students, we found that the stu-
dents were interested in this STEM course. However, due to the lack of basic knowl-
edge of aromatic candles, hand-made experience, and scientific and engineering think-
ing ability, students failed to complete the experimental design and self-exploration
within the given time. Besides, the students were good at information searching and
sorting but had difficulty in scientific exploration and sketching.

Improvement Suggestions
– Choosing learning content: try to make students familiar with the types of raw wax,
and introduce experimental tools to them beforehand, so as to save time and materials
that may cause by improper use.

– Designing learning activities: add “Experiments of essential oil extraction” to the
scientific inquiry section to stimulate students’ interest and improve the skills of
using experimental tools.

– Designing learning assessment: check students’ worksheet on completion and
standardization before evaluation.

– Designing learning support: provide students with additional reading material in
the introduction period; provide students with handouts for instruction; redesign the
worksheet to make it clear and concise.

Effect and Improvement of the Second-Round Teaching. The process described in
Fig. 2 was then updated according to the above suggestions. Based on it, the second-
round teaching started from mid-November to the end of January. Again, the in-class
observation and improvement suggestions are shown below.

Observation
– Observation of teachers. Compared to the first round, the teacher succeeded in raising
heuristic questions to inspire students’ active thinking. However, without previous
experience in the experiment of essential oil extraction, the teacher overran, leading
to class delay.

– Observation of students. The students showed great interest in the content of the
course. Meanwhile, their learning ability and self-confidence were improved a lot.
Especially in the EC section, students undertook experimental tasks initiatively and
their hand-making capability was improved.

Improvement Suggestions
– Designing learning activities: In the EC section, encourage students to make candle
molds with materials close at hand, so as to stimulate students’ love for life and
cultivate their practical ability. What’s more, an additional interview activity seems
meaningful for students to collect first-hand data from people around them (teachers
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and parents) about their feelings after using their aromatic products, which in return
gives feedback to make the course better.

– Designing learning support: In the EC section, teachers should prepare experimental
materials in advance and make accurate estimated time.

After two rounds of action research, the development process of this course was
optimized and finalized, as shown in Fig. 3.

Fig. 3. Finalized development process of the course after two rounds of action research

Effect Analysis of the Two-Round Teaching Implementation. As stated above, the
effect of the teaching implementation was measured by both quantitative and qualita-
tive analysis, i.e. pre-test and post-test questionnaires, teacher evaluation form, student
self-evaluation form, student worksheet, and PMIQ form. For space limitation, some
important details are listed below.

Analysis of Pre-test and Post-test Questionnaire. The result of paired sample test of the
post-tests of the two-round teaching effect is shown in Table 1 and analyzed in Table 2.
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Table 1. Paired sample test of the post-tests of the two-round teaching effect.

Paired differences t df Sig.
(2-tailed)Mean Std

deviation
Std. error
difference

95% confidence
interval of the
difference

Lower Upper

post-test1
-
post-test2

−.40341 .32519 .08130 −.57669 −.23013 −4.962 15 .003

Table 2. Analysis of the results of the pre-test and post-test.

Dimension Purpose Result

Learning
attitude
(Q1–Q8)

Investigate students’ learning
attitude and enthusiasm for
participating in the course

As can be seen from Table 1, the effect of the second
round was significantly better than that of the first
round (p = 0.003)

Teaching
methods
(Q9–Q10)

Examine the impact of this
teaching method and the
improvement of the
two-round teaching design

The students generally preferred to student-oriented
teaching methods. After the second round of course
implementation, 93.75% of students considered that
“centered by student practice and supplemented by
teacher guidance” teaching method could improve
their learning efficiency, which was 6.25% higher than
the first round

Basic
knowledge of
the course
(Q11–Q13)

Investigate students’ mastery
of basic knowledge of this
course, e.g. the types of raw
wax, classification of
essential oil, etc.

Comparing the data of pre-test and post-test, it can be
seen that after two rounds of teaching, the students’
mastering level of basic knowledge of the course
increased from 30% to 100%, which indicated that the
improved course could make the students better
understand the required knowledge in this field

STEM
literacy
(Q14–Q17)

Investigate the impact of this
course on the cultivation of
student’s STEM literacy

For scientific literacy, Q14 showed that the number of
students who could master the controlling variable and
analyze data went up from 83.33% to 100% and 75%
to 93.75% respectively, illustrating that the course
could effectively promote the students’ science inquiry
ability
For engineering literacy, Q15 showed that the number
of students who were able to choose the correct
sequence rose from 87.5% to 100%, indicating that the
students were able to recall the engineering design
steps correctly
For technical and mathematical literacy, Q16–Q17
showed that the students who could complete the
design of making aromatic product increased from
87.5% to 93.75%, and the students who could use
experimental measurements correctly rose from 87.5%
to 100%

Analysis of Teacher Evaluation Form and Student Self-evaluation Form.
For teacher evaluation, results showed that the rate of level A in the first round was
6.25%, while in the second round it rose to 18.75%. For student evaluation, results
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showed that the rate of level A increased from 0% to 6.25%, and the rate of level B
rose from 56.25% to 75%. It can be seen that after improving the instructional design
and process, the teacher was satisfied with the students’ performance in the course, and
so were the students. Not surprisingly, the students were pleased to attend this kind of
course, make things by hand and share their experience with others in class.

Analysis of Student Worksheet. Redesigning the student worksheet and offering hand-
outs helped the students better understand their tasks and paved the way for a more
detailed and clear exploration. And the students’ writing and sketching skills, experi-
mental ability, and engineering design capability were improved. Samples of student
worksheet and product display are show in Fig. 4.

Fig. 4. Samples of student worksheet and product display
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4 Conclusion

When carrying out STEMeducation, it is advisable and fundamental to build an effective
STEM course systematically, so that both teachers and students can follow step by step.
This study refined and proposed the development process of STEM courses in junior
middle school via literature review. Then a two-round action research was conducted
in practice to showcase, test and optimize the course development process, taking “the
Making of Aromatherapy Wax Product” as a case. The course was taken in Dongguan
Songshanhu Experimental Middle School with 60 participants. During our practice,
survey method and qualitative analysis method were utilized as measurements. The
results demonstrated that the course developed on the basis of this process helped to
effectively reach the course objectives and promote students’ scientific inquiry spirit,
engineering thinking, mathematical literacy, and technical ability. In addition, it also had
a positive impact on students’ communicative and collaborative ability, which provides
a reference for implementing STEM education in middle schools in China. Limitations
include teachers’ lack of STEM teaching experience, limited resources, and insufficient
class preparation. And the scale of the experimental data in this paper is relatively small,
therefore a larger scale experiment should be expected. Hope this paper can provide a
reference for the application of STEM course in Chinese elementary education.
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Abstract. This study explored the potential of using augmented reality (AR)
technology in designing makerspace-based education in the elementary school
setting. Employing the design-based research methodology, this study proposed
and successively refined a set of instructional design principles for facilitatingAR–
supported collaborative inquiry through three iterations of design, implementation
and revision. The affordances of AR were found to promote student engagement
in collaborative exploration and task completion. Moreover, several pedagogical
implications based on the empirical data were discussed, highlighting the impor-
tance of interdisciplinary integration, general inquiry sequence, proper scaffolding
strategies, opportunities for transfer learning, and abundant instruction time for
makerspace-based education.

Keywords: Makerspace · Augmented reality · Design-based research ·
Disciplinary integration · Collaborative inquiry

1 Introduction

The potential of makerspace for education has been acknowledged worldwide, receiv-
ing growing attention from both educational researchers and practitioners. The term
makerspace is a derivative of the maker movement that originated in the 1990s as
a technology-supported Do-it-yourself (DIY) culture featured by innovation, creation
comma collaboration, and project-completion [1]. Makerspace is defined as a physical
space designed to support themakermovement by havingmakers substantiate their inno-
vative ideas through hands-on design, collective construction, and novel technologies
[2]. However, the makerspace conception is also referred to as resources, opportunities,
and communities for individuals to engage in creative, higher-order problem solving
activities [3].

Valuing the spirit of the maker movement, educators have been advocating to apply
makerspace to both K-12 and higher educational contexts for benefits such as increased
learner motivation, self-efficacy, learning performance [4], and development of essen-
tial skills such as creative thinking, teamwork, and communication [5]. The passion of
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the global community for promoting makerspace in educational practice is shared by
Chinese schools and teachers [6]. In 2015, the Ministry of Education of China released
official guidelines calling formore effective use of information technology in exploration
of novel educational models such as STEAM and maker education for developing digi-
tal competencies and innovation among Chinese students. Consequently, an increasing
number of makerspaces are being set up in K-12 schools with various forms of maker
education being emerged in the past five years [7].

Nevertheless, the implementation of makerspace in K-12 education is also facing
several challenges. First, current literature focuses on the pedagogical assumptions of
makerspace education, with few empirical studies investigating how such assumptions
are being applied to the actual teaching practice. Second,manymakerspace interventions
simply had students mindlessly using new technologies such as 3D printers or drones to
complete routine tasks without proper scaffolding for collaborative inquiry and problem
solving. Lastly, manymakerspaces lack necessary educational and technical resources to
enable hands-on learning experience for every student. For instance, a class of 60 students
might share one 3D printer, making it impossible for everyone to benefit from maker
education. Those challenges hinder the sustainable development of maker education in
China.

Augmented reality (AR) provides a potential solution to those challenges. The tech-
nical affordance of VR such as sensory immersion, haptic interaction, and 3D simulation
is known to promote both affective and cognitive learning outcomes [8]. AR-based learn-
ing environments were found improve students’ learning motivation, learning attitude,
academic performance [9, 10]. AR is also found to enhance creativity and knowledge
construction by engaging students in the inquiry process and supporting integrated dis-
ciplinary curriculum such as STEM [11]. Moreover, the visibility of AR makes shared
inquiry feasible among students, making it feasible to teach a large class with limited
AR resources [12]. Its immense potential for both K-12 and higher education has been
recognized in recent years [13]. However, few studies have investigated the design and
implementation of AR-supported makerspace in K-12 education, resulting in a lack of
empirically validated design principles.

To address such research need, we conducted a design-based research to propose and
successively refine a set of instructional design principles for facilitating AR-supported
maker education in an elementary school. More specifically, we seek to answer the
following research questions:

1. What instructional design principles for AR-supported maker education were valued
by the students and the teacher?

2. What are the benefits and limitations of AR-supported maker education in the
elementary school setting?

2 Theoretical Framework

The theoretical framework for designing the AR-supported makerspace education is
informed by the theories of cross-disciplinary integration, collaborative inquiry, and
worked examples.
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2.1 Cross-Disciplinary Integration

Cross-disciplinary Integration aims to break down barriers between disciplines and inte-
grate all subject content into new areas of learning. Subject integration is considered as
the core concept of “STEM” education, enabling students to develop problem-solving
skills and computational thinking through meaning integration of science, technology,
engineering and mathematics [14]. Later, the letter A representing “art” was added to
STEM to formulate STEAM, highlighting the enriched concept of creative composition
during integrated learning [15]. Cross-disciplinary Integration allows students to under-
stand, evaluate and solve complex problems, as well as develop new knowledge [16].
During such process, students can extend their understanding of the theoretical knowl-
edge learned from multiple disciplines and apply it to the practice of problem solving,
and thus become a better learners and innovators. Emerging technologies such AR can
facilitate cross-disciplinary integration in makerspace as they can be used as a medium
to connect inquiry activities in different disciplines.

2.2 Collaborative Inquiry

Informed by both collaborative learning and inquiry-based learning, collaborative
inquiry emphasizes on the dialogue and exchange of team members, and joint action to
complete mutual tasks. Collaborative inquiry begins with the tasks or problems assigned
by the teacher, the learners then work actively in groups of two or more, contributing
to the shared group efforts to complete the tasks or solving the problems. As suggested
by the theory of zone of proximal development [17], teachers should employ various
of scaffolding strategies to provide necessary guidance in collaborative learning and
gradually transfer the responsibility of inquiry from teachers to students [18]. Moreover,
some researchers argued that, through clear division of labor and role assignment for
team members, group cognition can be promoted through collective problem-solving
process [19]. While the strategies and effects of collaborative inquiry have been exten-
sively investigated in traditional classroom settings, how can it unfold in technology-rich
makerspace settings is still in need of further exploration.

2.3 Worked Examples

The worked example effect is a well-known instructional effect in cognitive load the-
ory [20]. Compared to problem solving without guidance, the effectiveness of worked
examples lies in their resource-saving characteristics that enable improved learning per-
formance with reduced cognitive efforts [21]. Worked examples consist of two funda-
mental elements: a well-formulated task problem and a step-by-step demonstration of a
task solution [22]. By guiding learners to complete a given task progressively, a worked
example describes an expert’s model for completing a specific task problem and pro-
vides scaffolding for learning and transfer performance [23]. The literature in general
supports the effectiveness of worked examples in inquiry-based learning, reporting ben-
efits such as increased germane cognitive load, higher cognitive arousal, improved test
performance, and less acquisition time [24]. Therefore, worked examples have immense
potential for maker education as scaffolding tools.
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2.4 Theoretical Assumptions for Design

Based on the review of relevant teaching and learning theories above, we proposed four
instructional principles for designing AR-supported maker education. The principles,
operations, and theoretical origins are listed in Table 1.

Table 1. The principles, operations, and theoretical origins for designing AR-supported maker
education.

Instructional principle Operation in practice Theories

Integrating subject content
from various disciplines for
knowledge integration and
transfer

Use AR as a medium to
connect learning activities
such as story writing, artistic
creation, information search,
science inquiry, 3D
construction and 3D printing

Cross-disciplinary Integration,
STEAM theory

Assigning different roles to
students in a group, with each
role specializing in one aspect
of the project

Divide the class into groups
of 4 and assign specialized
roles based on major
activities required for the
projects. Roles can rotate if
needed

Collaborative learning theory,
social learning theory

Facilitating student-centered
inquiry learning featured by
exploration, problem-solving,
learner autonomy, and creative
project

Assign a creative project of
story-based 3D modeling for
group completion, allow
great learner control in theme
selection, art design, and 3D
construction

Inquiry learning,
problem-based learning,
project-based learning

Providing students with
adequate scaffolding in
various formats to assist their
collaborative inquiry

Prepare the following
materials for students before
class: worksheet for role
assignment, step-by-step
guidance for project
completion, sample product
as examples, and a clear
rubric for project assessment

Cognitive load theory,
scaffolding strategies, worked
examples effect

3 Methodology

3.1 Participants and Setting

The research was implemented in an elementary school in Shenzhen, Guangdong
Province. As the Future Education Center of Shenzhen, this school takes a leading
role in maker education and was elected as one of the best makerspace education centers
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in the district. Recently, the school had purchased four zSpace STEAM lab stations,
which came with AR software named Leopoly for 3D creative modeling and hardware
devices such as 3D-tracking glasses, haptic Styluses, and special display screens (see
Fig. 1). Unlike other 3D modeling software such as 3Done and 3D Max, Leopoly can
provide students with an easy and intuitive way to create, customize and prepare digital
objects for 3D printing. As for participants, we chose sixteen fourth-graders randomly
to join in the course and they were divided into four groups.

Fig. 1. Teaching environment of this course. (a), (b): four zSpace STEAM lab stations provide
hardware support and creates an immersive augmented reality; (c): students wearing 3D glasses
are getting familiar with the operation of the device; (d): students are learning the operation of
modeling in Leopoly software.

3.2 Instructional Process

Drawing on the affordances of Leopoly, a course named 3D Modeling in Virtual Envi-
ronment was conducted among 4th graders in the makerspace of the elementary school.
It included three iterations and four classes. The first lesson focused on the AR technol-
ogy, aiming to prepare students to familiarize with the basic operation of Leopoly and
hardware devices for the future classes. The first iteration of class is named 3D model
creation-The pig in Chinese zodiac. This theme came from the twelve Chinese zodiac
statues located on campus, closely related to the local and cultural environment of the
students. The second iteration allowed students to freely choose from one of twelve
Chinese zodiac signs for 3D creation, so as to promote near transfer of learning. The
last class (third iteration) required the students to create souvenirs of Chinese culture for
international visitors, with the purpose of further advancing the development creativity
and innovation and far transfer of learning. The overall process of the designed course
is depicted in Fig. 2.

In every iteration, studentswere divided into groups of 4. In each group, eachmember
assumed a role of storywriter, art designer, 3D modeler, and presenter to complete the
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Fig. 2. The overall process of the three iterations.

task in each interaction. The storywriter writes a script with all story elements and
include at least two scientific facts in the story content. The art designer designs the
image for the leading character/object based on the plot in the story. 3D modeler creates
the 3D artifact with key features implied in the story and image. The presenter is also
the group leader, coordinating the collaboration process and presenting the final project
to the whole class. The key phases in each interaction of class are presented in Fig. 3.

Fig. 3. The key phases and overall sequence of a typical class of maker education.

3.3 Data Collection and Analysis Procedure

Three types of data were collected to evaluate the instructional design. First one is inter-
views with learners and teachers. According to the performance of learners in the class,
6–8 representative students were selected for semi-structured interviews. The second is
the classroom record, including video recording of each class situation, observation of the
process of teaching implementation, and critical reflection. The third is student works.
We collected three rounds of student works, including story compilation templates,
sketch drawing and 3D modeling works.
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4 Case Study of Implementation

In every iteration of the maker education, we observed the students’ performances in
class and conducted interviews with students after class, with the purpose of collect-
ing empirical evidence regarding learning outcomes and learning experience. Critical
reflection at the end of each iteration guided our revision for the next iteration.

4.1 First Iteration

Implementation. The first iteration went smoothly as a whole. Firstly, the class topic
was introduced by riddles and colorful pictures about animals and students were engaged
by the topic. After the introduction, the teacher explained about the pig-zodiac task
and assigned tasks to four roles. Priority was given to students’ self-exploration and
creation, and teacher occasionally helped them to solve difficulties encountered during
3D modeling, such as how to make curly pig tails. In the first half of class, every
student played by their roles, but the class started to get a little out of order in the latter
phase. Presenters did not perform well in project demonstration, seemed nervous and
unconfident. Due to time limit, peer assessment was hastily done, and few students paid
attention to it.

Learning Outcomes and Students Experience. Overall, the students were able to
complete the assigned task, but the learning outcomes were not satisfactory. Firstly,
the quality of group works fell short of the standards and requirements. Students seemed
to have difficulty understanding the interdisciplinary nature of the task, and failed to
integrate story-writing, design, and scientific facts consistently into the final project. As
seen in Fig. 4, the final products from two groups showed high resemblance, indicating
students were imitating each other rather than creating innovatively. The ornaments and
graphic features on the pig image had little to do with the story plot or scientific facts.
Despite increased motivation due to novelty effect, the degree of participation and col-
laboration within groups was not high, resulting in occasional chaos and misbehaviors
in class.

Fig. 4. Comparison of the 3Dmodeling products of two groups in the first iteration of instruction.
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Reflections on Instructional Design. Based on the issues observed in the first itera-
tion, we proposed the following revisions for the second iteration of maker education.
We found many students seemed to be distracted by the technology and got a bit over-
whelmed by the complexity of the task. As a result, we decided to provide more detailed
scaffolding to the students. For example, we created a template worksheet specifying the
key elements for story writing (see Fig. 5) so that the activity would offer opportunities
for students to practice knowledge and skills of both Chinese and Science. Additionally,
the poor execution of project presentation and peer assessment prompted us to create a
more detailed assessment rubric, not only for the overall quality of the final product, but
also for individual aspects of the product, such as the quality of story, creativity of the
image design, and teamwork.

Fig. 5. The template worksheet for story writing used in the second iteration of instruction.

4.2 Second Iteration

Implementation. Compared to the previous class, the second iteration proceeded more
smoothly according to the instructional design. The task introduction was about 5 min
long, a music videos of the Chinese zodiac and questions about which zodiac animals
were mammals were very attractive to students. The template worksheet and project
assessment rubric were handed out to the class in advance, which seemed to make
students comprehend the requirements of the project task more clearly. In the group
collaboration session, students were able to work individually before collaborating with
peers and managed to complete the task in shorter period, with improved class discipline
and group dynamics. However, the normal length of 45 min per class was still found to
be inadequate for the inquiry-based maker education, making everything a bit hasted.
For example, the teacher could not elaborate on the requirement of “scientific fact” due
to the time constraint, leading to some students confusing common sense with science
concepts. The peer assessment was also cut-off by time, making the class ended a bit
weak.
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Learning Outcomes and Students Experience. The quality of group work improved
significantly. Stories were more complete, and the characters were more relevant to the
story. For instance, Fig. 6 shows how a storyline about an injured rabbit was reflected
in both the image design and 3D model, with the band-aid on an ear as the highlighted
feature. Such consistency indicated students comprehended the task requirements and
were able to work together to achieve the goal. Moreover, it became clear that AR
can be an effective bridge for cross-disciplinary practice. In addition to Chinese and
science content, the free shaping and transforming of the virtual clay enabled by Leopoly
also allowed for spatial thinking, basic computer operation, and more importantly, the
generation and realization of creative ideas.

Fig. 6. One group work display. (a): character design and story; (b): 3D model display.

Reflections on Instructional Design. Despite the apparent improvement, but there
were still instructional design decisions in need of revision. Firstly, role-based collab-
oration was found to cause fragmentation of group work and weak interaction among
students in some groups. So, we decided to try the strategy of task-based collaboration,
which gave students greater agency regarding the task division and role assignment, with
more frequent role rotation during the task completion process. Secondly, class topics of
the first two iterations were similar, so we planned to introduce a new topic to examine
the far transfer of knowledge and skills in maker education. Thirdly, the perceived ben-
efits of proper scaffolding prompted us to strengthen the use of it by offering a sample
product as worked example for the final task. Lastly, upon realizing that insufficient time
was a persistent challenge, we decided to double the instructional session by combining
two classes together. The first class focused on planning and idea generation whilst the
second class focused on technical realization, presentation, and peer assessment.

4.3 Third Iteration

Implementation. This iteration changed the theme into “designing souvenirs for inter-
national visitors” and was extended to two periods of planning and development. In col-
laboration, students were not assigned to specific roles, so they should firstly assign tasks
within group and specify individual responsibilities. In terms of disciplinary integration,
the teacher emphasized the integration of mathematic concepts and taught about shapes
such as cube, sphere and cone. A more detailed template worksheet and assessment
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rubrics were provided along with a sample souvenir product created by the teacher. With
more abundant instructional time, the teacher added a wrap-up and reflection session at
the end to guide students to critically reflect on the gains and issues.

Learning Outcomes and Students Experience. Contrary to the common belief, the
template worksheet and examples did not restraint the creativity of the students, but
rather had them inspire more innovative ideas. For example, some groups decided to add
numbers and Chinese characters with symbolic meaning to the souvenir, and managed
to decorate not only the side, but also the bottom of the souvenir objects (see Fig. 7).
Task-based collaboration worked fine in this session as students no longer complained
about the disliked role being assigned to them. But the smooth collaboration might be
because students were more familiar with the mode of collaborative inquiry and the
responsibility of each role. Meanwhile, enough class time allowed for more practice and
trials, making students become more proficient with 3D modeling using AR and have
fun in it. Compared to last two iterations, students thought this one was more interesting.
One student commented, “this lesson creates a situation for uswhen foreign friends come
to visit. We are more confident to make it better.” It showed that setting up the context
and need could stimulate the motivation for students to create innovative artefact in DIY
spirit.

Fig. 7. Scaffoldings and final products in the third iteration of maker education. (a): template
worksheet for the souvenir product; (b): Examples of souvenirs created by the teacher; (c) products
made by other groups.

5 Conclusion and Implications

This paper explores the design of a makerspace-based instruction in the elementary
school setting that promotes collaborative innovation through the technology of AR,
presenting a narrative design case in action with empirical evidence and critical reflec-
tions on a set of instructional design principles. Technologywise, through three iterations
of design, implementation and revision, we found that AR was effective in promoting
student engagement in collaborative exploration and task completion, and can be used
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to integrate inquiry learning from various disciplines such as Chinese, mathematics,
science, technology, as well as arts and creativity in particular in this study. Pedagogy
wise, despite the young age of students, student-centered collaborative learning turned
out to be feasible with proper scaffolding strategies, and necessary due to high student-
equipment ratio. Based on the study results, we would like to propose the following six
instructional design principles for similar makerspace-based educational contexts:

1. Use makerspace as opportunities to engage learners in higher-order problem-solving
activities that focus on cross-disciplinary integration.

2. Follow the general sequence of “engagement-exploration-execution-exhibition-
evaluation” to facilitate collaborative inquiry in makerspace.

3. Be flexible about the mode of collaboration, choose role-based or task-based
collaboration according to student familiarity and role preferences.

4. Provide students with comprehensive and detailed scaffolding such as template
worksheets or examples for complex learning tasks.

5. Manipulate the similarity of the learning task for different classes to promote both
near-transfer and far-transfer of learning.

6. Increase class time when needed to allow for more learner exploration, teacher
facilitation, project demonstration and reflective evaluation.
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Abstract. The paper deals with the smart approach to teaching and learning
English for Specific Purposes (ESP). First, the theoretical background is intro-
duced providing the definition of the term “smart” and theories examining moti-
vation to learning. Second, in the research part, results of didactic pretests
and posttests are compared reflecting learners’ types of motivation defined by
Plaminek’s Inventory, i.e. Coordinators, Explorers, Accurators, Directors. Totally,
119 probands, prospective teachers from the Faculty of Education and experts from
the Faculty of Science, participated in this comparative study conducted via quasi-
experimental ex-post-factomethod for the period of 12weeks. The smart approach
includes the exploitation of smart devices and technologies (applications) in face
to face instruction at school and in home preparation for lessons. The findings
discovered that the smart approach as applied within this study suited to maxi-
mum extent to Coordinators whose increase in knowledgewas significantly higher
compared to Explorers, Accurators, or Directors.

Keywords: Smart instruction · Higher education · English for Specific
Purposes · ESP

1 Introduction

Information and communication technologies (ICT), particularly mobile and smart
devices and applications, have been a firm part of the process of instruction at all levels
of education. They are reckoned as a strong motivator by numerous authors (e.g. [1–3]
and others) supporting both the inner and outer motivation [4]. In English for Specific
Purposes (ESP) the smart approach, i.e. exploitation smart devices and tools, has become
standard for years. These days, it is even unacceptable to design and conduct the process
of instruction without been enhanced by them. As decades ago, when the use of ICT as
personal computers and notebooks was under the focus of research, attention is paid to
the feature of smartness now. However, a question appears whether all learners are able
to acquire the learning content successfully in this way. In other words, do smart devices
and applications positively support the process of teaching and learning? Reflecting the
above mentioned, in this paper the smart approach to ESP instruction is researched from
the view of learners’ types of motivation [4]. The main objective of the paper is to com-
pare and analyze their test scores and thus discover whether the smart approach suits to
learners of all motivation types.
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2 Theoretical Background

Even though the term “smart” is used rather frequently, not sufficient effort has been
devoted to the precise definition. Considering numerous sources, within this paper, the
results of review study conducted by Silverio-Fernández et al. [5] are introduced and
applied.

2.1 Smart Approach

Silverio-Fernández et al. [5] structured the process towards setting the most appropriate
definition into several steps. As the term “smart” is often interchanged and/or confused
with “mobile”, first, they set a list of key words containing these expressions. Using
the online service Google Scholar and Science Direct, the keywords “smart device”
and “mobile device” were exploited for search in titles of peer-reviewed journal arti-
cles published from 2012 to 2017 in these databases. The results discovered the above
mentioned inconsistent use of these words, mostly referring to the same devices. Totally
20 publications were detected having the keyword “smart devices” and 30 ones using
the keyword “mobile devices” in the titles. Second, following the White and Marsh [6]
design, a systematic content analysis was made which revealed criteria (features) used to
define the terms in articles: Autonomy, Connectivity, Context-awareness, Data storage,
and User-interaction. The findings show that the occurrence of connectivity was above
50% in both key words (55%; 66.6%), followed by user-interaction (70%; 45%) and
autonomy (40%; 16.6%). The occurrence of context awareness is similar (25%; 23.3%),
data storage was detected in 20% in both. The feature of “mobility”, i.e. the portabil-
ity, was frequently detected in relation to “mobile device”; however, it rarely appeared
with “smart device” key word. Silverio-Fernández et al. [5] agree with Miller [7, p. 9]
stating that mobility (of a device) is in contradiction to the user (i.e. a person). Thus
they conclude that autonomy, connectivity and context-awareness are the key features
of “smartness” defined as follows:

Autonomy in smart devices mostly relates to autonomous tasks conducted without
direct command of the user having important role in multitasking scenarios [8], or in
measuring information through sensors and sending it through autonomously [9]. Con-
nectivity refers to establishing a connection to a network of any size for the purpose of
gaining sharing information with other devices on the network [10]. Context-awareness
enables smart devices to perceive information from the environment through sensors
such as camera, microphone and Global Positioning System (GPS); thus autonomous
decisions can bemade, or direct assistance provided to the user. User-interaction, despite
been designed for conducting interaction with users via a smart device, was not included
in the key features of smartness. The main objection is that devices might never inter-
act directly with users, whereas instead they interact with other devices [7]. Mobility
(portability) also was not included in the features of smartness. Been referred as a very
characteristic feature of smartphones, tablets and smart watches, it does not apply to
every smart device, e.g. on smart board [11], thus proving that the definition of smart
devices goes beyond.

To conclude Silverio-Fernández et al. propose following definition of “smartness” [5,
no paging]. “A smart device is a context-aware electronic device capable of performing
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autonomous computing and connecting to other devices wire or wirelessly for data
exchange.”The included features are reflected in the design of ESP instruction described
below.

2.2 Motivation to Learning

‘To provide joy, to receive results’, or ‘Do not work. Play. Youwill producemore’. Could
be the motto on how the motivation works in humans (learner’s) minds.

Approaches to motivation are based on several motivation theories. However, the
main theoretical concepts focus on different matters. Maslow’s Hierarchy of Needs [12]
states that the individual is willing to produce efforts to at least partially saturate a
certain, currently lacking, needs which are structured into five groups of a hierarchic
system and havemutual interrelationswithin the hierarchy. Compared to this, Herzberg’s
Motivation-Hygiene Theory works with two groups – motivators and hygiene factors.
It arises from the precondition that people are/are not able to precisely determine and
communicate work conditions which make them satisfied [13]. Those giving them satis-
faction are mostly connected with success, recognition, higher responsibility, important
tasks etc. On the contrary, feelings not providing satisfaction (in the school environment)
are connected with (teacher’s) unfair approach, negative relations (to schoolmates), neg-
ative (school/class) climate, lack of management and control [2]. Vroom’s Expectancy
Theory is based on the conviction that people are motivated to conduct any activity if
they believe it helps them reach the objective [2]. Thus it can be summarized that the
human motivation to doing anything is determined by the importance man sets to the
output of efforts multiplied by the trust that it really leads to reaching the objective [14].

Within this research, four types of learners’ motivation are considered. Characteris-
tics of single motivation types are defined as follows:

Explorers (dynamics, usefulness). In their behavior, a considerable portion of inde-
pendence and self-reliance can be found. They are as often impatient and eager for infor-
mation, and strongly attracted by conquering constraints and challenges. They appreciate
freedom and autonomy and cannot stand to be directed. Disagreement is not a means
of taking control over others but protecting their own freedom. Their argumentation
primarily focuses on the matter, and man is referred only to support the argumentation.
They succeed in disciplines inwhich social skills are not strongly required andmaximum
rational intelligence and scientific and creative work are needed.

Directors (dynamics, effectiveness). The dynamic part of their motivation does not
protect them from running risky activities, the effectiveness determines them for success
in social processes and human relations. They are attracted by the possibility to have
impact on other people; however, at the same time they strive to achieve maximum
freedom for themselves – not within the voluntarily accepted restrictions but the real
freedom and unlimited possibilities. They also appreciate to be in the centre of attention
and are susceptible to impulses, which is/is not appropriate to the situation. They are
able to persuade people about their ideas, being often leaders of social groups (e.g.
classmates).

Coordinators (stability, effectiveness). They fully focus on people, their relations,
feelings and satisfaction, they like talking to others, asking questions, listening to
answers, and they are open to discussions having the ability to understand the others,
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particularly in the field of feelings and emotions – their empathy is highly developed.
They are pillars of social structures so that the environment they work and live in to be
warm, human and understanding.

Accurators (stability, usefulness). They are reliable, accurate, hard to themselves
and the environment. They appreciate good organization of work, require clear tasks
and reach them precisely. Regulations and rules are important for them, they neither like
risks, nor negotiating with people. Their communication aims at making the problem
clear, collecting and verifying the data etc., thus they seem look calm in social relations.
They perform in a rational and emotionally flat way; however, they are open only to
those who they closely know and trust. They are loyal to school and teachers they have
respect for [2].

3 Research Methodology

3.1 Research Problem, Question, Objective

In this research, the problem relating to smart approach applied in higher education is
dealt, when special attention is paid to teaching/learning ESP. Particularly the question
appears whether this approach suits to learners of various motivation types. Therefore,
a motivation inventory was applied to detect the types within a sample of university
students. Analyzing their test scores, the main objective of the research is to prove
whether smart approach as defined below is entitled to be exploited in ESP instruction
at higher education level.

3.2 Research Hypotheses

The main hypothesis was set as follows:

H: When applying the smart approach to ESP instruction, statistically significant
difference is detected between learners of various motivation types.

To test the main hypothesis, particular ones were set:

H1:When applying the smart approach toESP instruction, there exists statistically signif-
icant difference in pretest scores between groups of Directors, Coordinators, Explorers,
and Accurators.
H2: When applying the smart approach to ESP instruction, there exists statistically
significant difference in posttest scores compared to pretests in groups of Directors,
Coordinators, Explorers, and Accurators.
H3: When applying the smart approach to ESP instruction, there exists statistically
significant difference in mean values of pretest and posttest scores between groups of
Directors, Coordinators, Explorers, and Accurators.
H4: When applying the smart approach to ESP instruction, there exists statistically sig-
nificant difference (increase in knowledge) between groups of Directors, Coordinators,
Explorers, and Accurators.
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3.3 Research Methods and Tools

As smart devices and technologies are widely exploited, it was not acceptable to conduct
the pedagogical experiment where the smart approach is exploited in the experimental
group, and the control one is taughtwithout.Blended approach asminimum is requiredby
the syllabi of all courses in higher education in the country. Therefore, the comparative
study exploiting the quasi-experiment and ex-post-facto method was applied, dealing
with differences in acquiring the learning content in learners of differentmotivation types
in the ESP course. Particularly, the increase in test scores between learners’ entrance
and final knowledge was under the focus. To gather the appropriate data, two tools were
used: (1) an inventory detecting learner’s type ofmotivation, (2) didactic testsmonitoring
learner’s test scores. The collected data were processed by appropriate statistic methods
(ANOVA, post hoc analysis via Fisher LSD test).

Inventory of Motivation Types
For detecting the motivation type of respondents, the Inventory of Motivation Types
(IMT) by Plaminek [4] was applied. The tool is structured into two parts. In Part 1,
it focuses on the purpose and means of motivation, and differentiates learners on the
effectiveness/usefulness scale. This part consists of 14 items. In each of them respon-
dents express their preferences on the five-point scale providing evaluation of pairs of
motivators through the intensity of preference in the pair is (possible combinations of
points are 5:0, 4:1, 3:2, 2:3, 1:4, 0:5). In Part 2, the inventory concentrates on challenges
and safety, and differentiates learners on the stability/dynamics scale using another set
of 14 items constructed and evaluated on the identical principle as in Part 1. Then, total
score is calculated and the motivation type of each respondent is defined by the combi-
nation of scores in both parts of the inventory, i.e. by the effectiveness/usefulness and
stability/dynamics scales. Both scales arise from the vitality theory, which belongs to
the self-determination theory [15].

Didactic Tests
Tomeasure learners’ increase in knowledge after the implementation of smart approach,
two didactic tests were applied. The first one, pretest detecting learners’ knowledge
before the process of instruction starts, was exploited at the beginning of the semester;
the second one, posttest measuring the final knowledge, was used at the end of the
semester. The structure of both the didactic tests was identical. Each consisted of 70 tasks
reflecting the learning content of ESP, including EAP (English for Academic Purposes).
They proportionally covered professional vocabulary from the field of higher education
and reflecting probands’ study programmes and specializations, professional stylistics
and grammar, writing cv and letters, and reading professional texts. All tasks were of
open-answer or translation type.

Process of Instruction
Between the pretest and posttest were held, the process of instruction was conducted for
the period of 12 weeks. In the process, the smart approach was applied reflecting the
key features of this phenomenon defined above – autonomy, connectivity and context-
awareness. The smart approach is understood as the exploitation of smart devices and
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technologies/applications in face-to-face school and after-school learning activities, i.e.
using e-sources, particularly parts of MOOCs (Massive Open Online Courses), TED
(Technology, Entertainment, and Design) Talks, and various other web pages dealing
with professional topics, creating networks which enabled to share information, discuss,
or make comments. Probands attended one 90-min lesson per week; the preparation for
the next lesson required another 90-min period of after-school (home)work. Face-to-face
lessonsweremostly devoted to direct (teacher-student, student/s-student/s) conversation,
providing feedback on homework and students’ questions and problems in learning.
This approach met the requirements on individualized teaching in groups (mostly of
15 students, 20 as maximum), when the exploitation of smart technologies/applications
available on smart devices satisfied each student’s needs towards acquiring the required
learning content successfully.

3.4 Research Sample

The research sample consisted of 121 probands detected according to Plaminek’s Inven-
tory of Motivation Types as follows: 43 explorers, 33 directors, 23 coordinators, 20
accurators, two probands did not fill-in the questionnaire correctly; final amount was N
= 119.

They all were students of Jan Evangelista Purkyne University, Faculty of Education
(FE), or Faculty of Natural Sciences (NS), Czech Republic, and they all were involved
in the Smart City – Smart Region – Smart Community project within which the research
was conducted. The structure of probands was as follows:

– Gender: Male 7%; Female 93%; Age: 19–23 yrs.
– Degree: Bachelor 66% (FE 75%; NS 25%), Master (FE 100%; NS 0%).
– Faculty of Education 82% (M 1%; F 99%) in following study programmes: Teaching
at pre-primary schools 39%; Teaching at primary schools 26%; Teaching at primary
and SEN (special educational needs) schools 13%; Czech language for media and
communication 22%.

– Faculty of Natural Science 18% (M 76%; F 24%) in following study programmes:
Information technologies 46%; Toxicology 18%; Biology 12%; Chemistry and
Biochemistry 12%; Geography and History 12%.

4 Research Results

The entrance didactic test administered at the beginning of semester (pretest) and final
didactic test conducted after 12 weeks of instruction at the end of semester (posttest)
provided data for statistic processing which was held in four steps, when comparing: (1)
pretest scores between groups of Directors, Coordinators, Explorers, andAccurators; (2)
posttest scores between groups of Directors, Coordinators, Explorers, and Accurators;
(3) mean values of pretests and posttests between groups of Directors, Coordinators,
Explorers, and Accurators; (4) differences (increases in knowledge) between pretest and
posttest scores in groups of Directors, Coordinators, Explorers, and Accurators.
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4.1 Results: Comparison of Pretest Scores

In step 1, pretest scores were processed by the method of analysis of variance (ANOVA).
Data collected from four groups of learners’ motivation types were compared. Results
are displayed in Table 1.

Table 1. Comparison of pretest scores between Directors, Coordinators, Explorers, Accurators.

Source Sum of squares Df Mean square F-ratio P-value

Between groups 247.211 3 82.4036 0.51 0.6762

Within groups 25,546.1 158 161.684

Total (Corr.) 25,793.3 161

Df: Degree of freedom

The results show that at the significance level α = 0.05, the statistically significant
differences were not detected between respondents of single motivation types. Groups
are equal. H1 is rejected.

4.2 Results: Comparison of Posttest Scores

In step 2, posttest scoreswere processed by theANOVAmethod.Data collected from four
groups of learners’ motivation types were compared. Results are displayed in Table 2.

Table 2. Comparison of posttest scores between Directors, Coordinators, Explorers, Accurators.

Source Sum of squares Df Mean square F-ratio P-value

Between groups 1,480.82 3 493.06 2.86 0.0388

Within groups 27,272.3 158 172.609

Total (Corr.) 28,753.1 161

Df: Degree of freedom

The results show that at the significance level α = 0.05, the statistically significant
differences were detected between respondents of single motivation types. Therefore,
the post-hoc analysis exploiting Fisher’s Least Significance Difference Test (LSD-test)
was applied. Results are displayed in Table 3.
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Table 3. Results of Fisher’s LSD test.

Contrast Significance Difference ± Limits

POST_Director - POST_Coordinator −4.0682 6.96138

POST_Director - POST_Explorer 4.94996 6.00532

POST_Director - POST_Accurator 2.72678 5.59151

POST_Coordinator - POST_Explorer * 9.25678 6.61177

POST_Coordinator - POST_Accurator * 7.0336 6.23833

POST_Explorer - POST_Accurator −2.22318 5.14973

*Denotes a statistically significant difference.

The results mean that posttest scores are significantly higher with Coordinators
compared to Explorers and Accurators. posttest scores are also higher with Coordinators
compared to Directors; however, the difference is not statistically significant. H2 is
accepted. Differences are displayed in Fig. 1.

Fig. 1. Results in pretests (left) and posttests (right).

4.3 Results: Comparison of Mean Values of Pretest and Posttest Scores

In step 3, mean pretest and posttest scores were compared in each group of motivation
type. Results are displayed in Table 4 for each motivation type.

The null hypothesis is rejected in all motivation types. This result means that at the
significance level α = 0.05 in all groups mean values of posttest scores are significantly
higher compared to pretest scores. Results are displayed in Fig. 2. H3 is accepted.

4.4 Results: Comparison of Differences in Knowledge

In step 4, the ANOVA method was applied to compare increases in knowledge between
pretest and posttest scores in single groups of motivation types. Results are displayed in
Table 5.

The results mean that at the significance level α = 0.05, the statistically significant
differences were detected in increases in knowledge between respondents of single
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Table 4. Comparison of means between Directors, Coordinators, Explorers, Accurators.

95.0% confidence interval for mean of PRE_Director: 23.3636 ± 4.19908 [19.1646; 27.5627]
95.0% confidence interval for mean of POST_Director: 48.4848± 4.62248 [43.8624; 53.1073]
95.0% confidence interval for the difference between the means assuming equal variances: −
25.1212 ± 6.12477 [−31.246; −18.9964]
t test to compare means assuming equal variances: t = −8.19385 P-value = 1.46818.10−11

95.0% confidence interval for mean of PRE_Coordinator: 19.1667 ± 4.49936 [14.6673;
23.666]
95.0% confidence interval for mean of POST_Coordinator: 52.7917 ± 4.86099 [47.9307;
57.6527]
95.0% confidence interval for the difference between the means assuming equal variances: −
33.625 ± 6.44516 [−40.0702; −27.1798]
t test to compare means assuming equal variances: t = −10.5015 P-value = 0

95.0% confidence interval for mean of PRE_Explorer: 21.8837 ± 4.03238 [17.8513; 25.9161]
95.0% confidence interval for mean of POST_Explorer: 43.5349± 4.25874 [39.2761; 47.7936]
95.0% confidence interval for the difference between the means assuming equal variances: −
21.6512 ± 5.77924 [−27.4304; −15.8719]
t test to compare means assuming equal variances: t = −7.45008 P-value = 7.55853.10−11

95.0% confidence interval for mean of PRE_Accurator: 21.6129± 3.44674 [18.1662; 25.0596]
95.0% confidence interval for mean of POST_Accurator: 45.7581 ± 3.37022 [42.3878;
49.1283]
95.0% confidence interval for the difference between the means assuming equal variances: −
24.1452 ± 4.77235 [−28.9175; −19.3728]
t test to compare means assuming equal variances: t = −10.0156 P-value = 0

motivation types. Therefore, the post-hoc analysis exploiting Fisher’s LSD-test was
applied. Results are displayed in Table 6.

The results show that the increase in knowledge is significantly higher with Coor-
dinators compared to other groups; however, differences between Directors, Explorers,
and Accurators are not significant. H4 is accepted. Differences are displayed in Fig. 3.

5 Interpretations, Discussions, Conclusions

Referring to the above mentioned motivation concepts, in the school environment it
means that the school motivation aims at learners’ inner engagement into fulfilling the
learning activity in a way which supports their further development. This inner interest
forms the basis for development of auto-didactic strategies.Within the school instruction
various individual needs of learners’ activities should be emphasized, as well as their
time and situation variability [2]. On the other side, such situations should be avoided
which might induce learners’ frustration and dissatisfaction, and thus decrease their
motivation.

To sumup, the presented results prove that the described smart approach is entitled to
be applied in ESP instruction of all motivation types at higher education level. Having the
test score of all groups equal at the beginning in pretest (i.e. H1 rejected), statistically
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Fig. 2. Comparison of mean values in pretest and posttest scores in single motivation types
(Director: upper left, Coordinator: upper right, Explorer: bottom left, Accurator: bottom right)

Table 5. Comparison of increases in knowledge between Directors, Coordinators, Explorers,
Accurators.

Source Sum of squares Df Mean square F-ratio P-value

Between groups 2,312.19 3 770.73 3.48 0.0174

Within groups 34,980.6 158 221.396

Total (Corr.) 37,292.8 161

Df: Degree of freedom

Table 6. Results of Fisher’s LSD test.

Contrast Significance Difference ± limits

DIF_Director - DIF_Coordinator * −8.50379 7.88403

DIF_Director - DIF_Explorer 3.47005 6.80125

DIF_Director - DIF_Accurator 0.976051 6.3326

DIF_Coordinator - DIF_Explorer * 11.9738 7.48809

DIF_Coordinator - DIF_Accurator * 9.47984 7.06514

DIF_Explorer - DIF_Accurator −2.494 5.83227

*Denotes a statistically significant difference.

significant difference (increase in knowledge) was detected in posttest scores of all
groups compared to pretests (H2 accepted), as well as in mean values (i.e. H3 accepted),
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Fig. 3. Differences in knowledge between single motivation types.

and also, statistically significant increase in knowledge was found out in the group of
Coordinators compared to Directors, Explorers, and Accurrators (i.e. H4 accepted).

Coordinators, preferring and combining the stability and effectiveness, express emo-
tional intelligence and expect the others to reflect coordinators’ empathy in feedback.
This feature is strongly required in smart approachwhere the exploitation of technologies
and devices might cause lack of “human” approach. As they prefer relations to results,
they make efforts not to fail in meeting the others’ expectations; they concentrate on
building positive working/learning environment.

However, results of this study are limited, mainly by some characteristics of the
research sample. Particularly, there is imbalance in gender (80% of female probands),
participating faculties (80% of Faculty of Education), and study programmes (80%
of prospective teachers). On the other side, the results entitle the smart approach to
be suitable for prospective teachers, and future research activities should be focused
on students of other programmes. This finding is very important, as the prospective
teachers are those bearing progress in the process of instruction; they have experience
in smart approach from both the theoretical and practical view. In agreement with latest
works, not to decrease but support to teachers’ motivation is a crucial task of the pre-
service and in-service teacher training [16, 17]. However, motivation does not only play
the vital role but also builds barriers to learning, as emphasized e.g. by Sabah [18], or
Ramirez-Arellano [19].

As smart devices and technologies are all around us, the appropriate attention should
be devoted to their exploitation in the field of education,with special focus on prospective
teachers. In foreign language instruction, the smart approach is rather wide; therefore,
further researches monitoring this field are strongly required in the future.
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Abstract. With the outbreak of COVID-19, university classes in HongKong have
had to transfer into online digital formats. Although no significant difference in
learning outcomes between traditional classroom and online learning has been
identified, students are still likely to feel distracted or bored. Thoughtful peda-
gogical strategies and learning design are needed to avoid disengagement which
could have negative impact on their academic performance. Regarding the forms
of student interactivity or features of online environments, this study examines
a motivational EdTech tool - Digital Exhibition Space (DES) - which provides
explorative learning experiences for students to foster meaningful peer socialisa-
tion.DES creates a 3Dvisual learning community aimed at enhancing connectivity
amongst students, and relatedness between students and their learning artefacts so
as to leverage student engagement and learning effectiveness in online education.
A quasi-experimental pilot study was undertaken in an entry level class of 106
undergraduates from all faculties of the university. Quantitative results revealed
that 1) students in DES learning context reported a higher level of engagement
than non-DES context; 2) academic performance in DES groups was better in
synoptic assessment than non-DES groups while equivalent in factual knowledge
tests.

Keywords: Educational technology · Peer socialisation · Learning motivation

1 Introduction

It is acknowledged that social interactivity plays a key role in learner engagement and
knowledge construction in online teaching and learning; online classrooms allow stu-
dents to learn at anytime and anywhere at their own pace, breaking the distance between
the instructor and students [1]. Emerging technologies provide access for those who can-
not join face-to-face sessions and participate in collaborative activities. This is especially
so in times of emergency, such as the recent COVID-19 pandemic during which campus
classes inMainland China and HongKongwere suspended and transferred online. Com-
mon challenges faced by educators in e-learning, including: student confusion [2]; low
motivation [3]; and lack of engagement [4], may become more intense due to emotional
anxiety [2], and further limit or deter the expected learning experiences and objectives.

This study examined a 3D Digital Exhibition Space (DES) used as part of the class
activities in a common core course at the University of Hong Kong. DES creates a visual
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learning community by allowing students to share a single online space to develop and
exhibit their own learning artefacts and review each other’s works. The 3D technology
allowed students to wander around and explore a central space and adjoining galleries
to seek subject-related information. In this process, students feel relaxed and fun, and
meaningful peer socialisation and peer learning are promoted. A quasi-experimental
pilot study involving 106 undergraduate students in this course was undertaken. The
quantitative data revealed that, even in this time of heightened anxiety, students that
studied with DES appeared to have 1) a significantly higher level of engagement and 2)
better performance in synoptic assessments than the control groups.

In the next session, a brief literature reviewof several recent socialisation or visualiza-
tion technologies applied in educational settings is provided. Then, the relevant pedagog-
ical theories and functional interfaces of the Digital Exhibition Space are demonstrated.
Followed by a description of the methodology and results of the quasi-experimental
pilot study. The final part discusses and concludes the pedagogical practice and research
value of this study.

2 Literature Review

2.1 Prior Tech Regarding Socialisation

Past research has identified that the use of Facebook in college education was posi-
tively related to student engagement in the perspectives of psychosocial development
or cognitive development [5, 6]. Similarly, a wiki including a collection of web pages
served as a collective knowledge construction repository to foster effective interaction
and reflection amongst students [7–9]. However, a failed experiment was reported on
using wiki as an interactive activity in class that none of the students posted anything on
wiki possibly out of academic pressure and lack of confidence [10].

Although some studies reported that technology had an affirmative influence on
test scores and course grades in primary and secondary schools [11, 12], there was
a notable divergence in linkage between technologies and academic achievements in
higher education [13, 14].

Recent studies have noted that embracing the use of technology, the alignment of
meaningful learning activities/strategies and objectives in online learning environments
have yet to be developed [15]. Moreover, online socialisation is still in the stage of being
achieved via chat fora or video calls. The use of interactive 3D models to enrich student
learning experiences has not been widely explored by researchers due to the limitation
of technical efficacy.

2.2 Prior Tech Regarding Visualization

Talking about the concept of socialisation in online learning, naturally leads to virtual
learning communities [16, 17]. It was discovered that student perception of commu-
nity was lower in e-learning environments compared to traditional classes [20]. Many
researchers have focused on the process of establishing social networks to support
collaborative knowledge construction via virtual classrooms [18, 19]. In recent years,
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researchers have defined visualization in online learning contexts differently. For exam-
ple, to visualize student learning trajectories for learning analytics, a circular view dia-
gram (3-level segments) was designed on a serious game-design learning platform in
order to identify and solve learning problems [21]; a tool was developed to visualize the
data (e.g. used time or scores) collected from student group’s participatory behaviours
in a game-based assessment with the purpose of refining the activity [22]; and an add-on
tool was created and implemented on Open edX [23].

Comparatively, there has been little research that focuses on the learning outcomes,
trying to visualize and exhibit student project works or learning artefacts to the public as a
group, to motivate and intrigue students to participate more, attempt more and contribute
more in their assignments.

2.3 Research Rationale

The research teamnoted that student engagementwas empirically associatedwith desired
learning outcomes referring to their devotion of time and efforts in class activities [24].
Addressing the gaps in educational practices and research studies in higher education
context, the team integrated a 3D model technique, designed and developed the Digital
Exhibition Space (DES), as a motivational EdTech tool, to enhance both student engage-
ment and academic performances by providing opportunities for explorative learning
experiences and emphasizing the visualization of learning outcomes. The hypotheses
proposed in this study are, that in online distance learning contexts:

H1: Students using DES will report a higher level of engagement.
H2: Students using DES will have academic performances of better quality.

3 Digital Exhibition Space (DES)

Underpinning the primary stance for the evolution of EdTech aremeaningful peer social-
isation and relatedness between students and their artefacts. Pedagogical strategies of
Technology-facilitated Socialised Learning and Self-determination Theory were the
framework of the design of DES.

3.1 Technology-Facilitated Socialised Learning

Technology-facilitated Socialised Learning (SL) is defined as a pedagogy that encour-
ages students with different backgrounds and basic knowledge of their own discipline,
to develop social connections and work collaboratively in high-tech environments [25].
Within an SL-designed course, students are tasked to exchange knowledge, regulate
their own learning and group members’ learning (e.g. goals, progress, quality etc.), offer
help or even give some pressures to each other when needed, and critically reflect on
themselves continually [25]. In essence, this framework articulates an approach to form
a coherent online learning community and assign meaningful collaborative tasks for stu-
dents to utilise their prior knowledge and learn from each other. By facilitating critical
and reflective discourses and regulating socio-emotional interaction [26], higher levels
of engagement and better learning outcomes are expected.
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3.2 Self-determination Theory (SDT)

Relatedness, competence and autonomy were identified as three essential psychological
needs in motivation [27, 28]. Relatedness stands for a sense of attachment and belonging
[28]. Competence refers to the need to feel confident and effective [28]. Autonomy is
having the freedom to make personal decisions [28, 29]. The former two factors underlie
intrinsic motivation; and relatedness facilitates student internalization of extrinsic moti-
vation and promotes positive outcomes in a supportive social environment [30], which
are congruent with previous research findings [31]. More specifically, SDT postulates
that people tend to internalize the value and regulation driven by extrinsic motivation
and turn it into positive behaviours when they experience fulfilment for the needs of
relatedness [30].

3.3 Functional Interface

Digital Exhibition Space creates a 3D environment for students to learn collaboratively
within their own study groups, and subsequently with the whole class. In DES (see
Fig. 1), the whole class is considered as a social learning community while individual
student groups are considered as component learning units.

Fig. 1. Overview of 3D digital exhibition space

The format of the DES used in this course was composed of 8 galleries, each of them
represents a theme relevant to the course core. Each student learning unit was assigned
to a thematic gallery and relevant projects. Several units worked under the same theme
but each had their own gallery space (see Fig. 2). The four columns in the central plaza
delivered the learning materials and core values of the course provided by instructors.

Within each thematic gallery, the frames on the walls serve as display windows for
students to upload and exhibit their project artefacts. Students are required to set the
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Fig. 2. Student learning units under each theme

cover page for the frames and populate their thematic room with a selection of their
works.

Students can visit each other’s room to read the title, summative description and
author(s) of each frame and click the frame to view detailed contents (see Fig. 3). Access
to DES and thematic rooms is open to the whole class via the Internet so that students
can share their learning outcomes with anyone as an online exhibition.

Fig. 3. Individual thematic gallery
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4 Quasi-experimental Pilot Study

4.1 Research Context

The University of Hong Kong set a series of common core courses for new undergrad-
uates. The mission is to prepare students to become active and responsible citizens of
global and local communities; develop broader and critical perspectives on complex
issues; as well as understand the interconnections of these issues and their daily lives.

DES was applied in one of the common core courses which previously ran as a
flipped classroom. This CC course investigates the United Nations (UN) sustainable
development goals (SDG) and aims to inspire students to think about the way society
might construct sustainable cities and communities in future. Students are challenged to
use different media and presentational strategies in this course to develop their compe-
tence in argumentation and advocacy relating to SDGs inHongKong and internationally.
However, classes on campus were suspended and transferred into online formats due to
the outbreak of coronavirus. This led not only to a shift from a flipped class pedagogy
to an online distance teaching, but also had an impact on student emotional engagement
and participation.

In DES, the 8 thematic galleries respectively represented 8 different SDGs, such as
Zero Hunger, Gender Equality and Quality Education etc. The plaza played the central
role of Sustainable Cities and Communities, whose development was constituted and
contributed by the surrounding SDGs. Each SDGhad three groups of 4 or 5 students (106
students and 24 groups in total, 10 groups of 5 and 14 groups of 4) working on it. There
were a set of SDG-relevant assignments that students needed to accomplish individually
or with their group mates, for instance preparation of: advocacy videos; infographic
diagrams; postcards; and soon.Moreover, students could decidewhat additional artefacts
they would like to develop for their gallery, like developing a quiz or a game for visitors,
making a meme, etc. During the learning process, students were constantly uploading
and populating the SDG galleries with the works they had created (and were satisfied
with). Since the gallery was only required to be published at the end of the course,
students were allowed to not publish the frames until they felt confident. Students’ work
could be updated or amended at any time. Students could also visit other classmate’s
SDG galleries to learn from their published frames.

In this pilot study, we randomly divided 106 students into an experimental learn-
ing environment and a controlled learning environment. In the DES experimental group,
there were 55 students (7 groups of 5 and 5 groups of 4) while in the non-DES controlled
group, there were 51 students (3 groups of 5 and 9 groups of 4). DES was introduced
to students in the experimental group from the first session, and later via online Zoom
tutorials. While students in the control group only had online Zoom tutorials. The whole
quasi-experimental pilot study lasted for 5 weeks and students in both learning environ-
ments had access to learning materials on Open edX. Learning materials uploaded on
DES and Open edX were the same.

4.2 Participants and Instruments

89 undergraduates in this course gave their consent and participated in this pilot research
study. A quasi-experiment was conducted and amongst participants, 51 of them were
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from DES experimental groups, while 38 were from controlled groups; 48 of them were
female and 41 of them were male; 74 of them were year 1 students and 15 of them were
year 2. The participants were distributed across the university in 9 different faculties
which were Faculty of Engineering, Medicine, Arts, Architecture, Law, Business and
Economics, Dentistry, Science and Social Science.

Student engagement was measured by a 10-item self-reported questionnaire (Skin-
ner, Kinderman and Furrer 2009), derived from Wellborn (1991), evaluating both
behaviour and emotional engagement. Student academic performance was evaluated
by the grade of two individual assessments: a reading response and a quiz. The reading
response was based on a pre-class given SDG reading, which required a comprehen-
sive understanding and critical mind set on the SDG as it related to personal, territorial
(Hong Kong) and global scales. Students were asked to share their ideas and discuss
within their groups on Zoom, and individually constructed a short argument after class.
Students in the DES experimental group were asked to design a cover page and upload
their reading response to their SDG gallery. The quiz was based on two pre-class course
videos recorded by the instructor (the second author) testing about the factual knowledge
and statistics of a SDG, and conducted in a Zoom tutorial. Marking was an anonymous
process in which identifiers like student number and name were removed.

4.3 Data Analysis and Results

Normality test, independent sample t-test and Mann-Whitney U test were undertaken
after the data collection to test whether there was a significant difference in engagement
and learning performances between experimental groups and control groups.

Engagement. To analyze the collected questionnaire data from both experimental and
control groups, the normality of student engagement data distribution was tested in
SPSS. Histograms are presented (see Fig. 4 and Fig. 5) and Shapiro-Wilk test suggested
a normal distribution in the data of non-DES controlled groups, W(38)= .959, p= .18;
while an insignificant normality was indicated in the data of DES experimental groups,
W(51) = .952, p = .038.

Fig. 4. Histogram_Engagement_non-DES Fig. 5. Histogram_Engagement_DES

Thus, the non-parametric, Mann-Whitney U test, was applied to examine whether
significant differences could be found between experimental and controlled groups. The
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scores of self-reported engagement in DES experimental groups (Mdn = 3.9) were
higher than in non-DES controlled groups (Mdn = 3.1). The results of Mann-Whitney
U test supported the first hypothesis in this study, postulating that this difference was
statistically significant, U(NDES = 51, Nnon-DES = 38) = 36.50, z = −7.76, p < .001.
Table 1 summarizes the test results.

Table 1. Mann-Whitney U test results_Engagement

Test statisticsa Engagement

Mann-Whitney U 36.500 Wilcoxon W 777.500

Z −7.757 Asymp. Sig. (2-tailed) .000
aGrouping Variable: group

Reading Response. After collecting data from experimental and control groups, the
normality of reading response scores in the two independent samples was tested in SPSS.
Histograms are presented (see Fig. 6 and Fig. 7) and the Shapiro-Wilk test showed a
significant normality in DES experimental groups, W(51) = .958, p = .066; while a
significant departure from normality was observed in non-DES control groups, W(38)
= .647, p = .00.

Fig. 6. Histogram_Response_DES Fig. 7. Histogram_Response_non-DES

Therefore, the Mann-Whitney U test was applied to determine whether there was
a profound difference in scores for the reading response between the two groups. The
reading response scores of students in DES experimental groups (Mdn = 8.0) were
higher those in than non-DES controlled groups (Mdn = 6.5). A Mann-Whitney U test
indicated that this difference was statistically significant, U(NDES = 51, Nnon-DES = 38)
= 222.50, z = −6.26, p < .001. The following Table 2 gives a summary of test results.

Quiz. The normality of quiz scores distribution in the two independent samples was also
tested in SPSS. Histograms are presented (see Fig. 8 and Fig. 9) and the Shapiro-Wilk
test showed a significant normality in both groups, W(51) = .973, p = .30, and control
groups, W(38) = .949, p = .08.
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Table 2. Mann-Whitney U test results_ReadingResponse

Test statisticsa ReadingResponse

Mann-Whitney U 222.500 Wilcoxon W 963.500

Z −6.259 Asymp. Sig. (2-tailed) .000
aGrouping Variable: group

Fig. 8. Histogram_Quiz_DES Fig. 9. Histogram_Quiz_non-DES

Therefore, an independent sample t-test was applied. The result indicated that there
was no significant difference in quiz scores, t(87) = −.475 and p = .359, between the
51 students in DES experimental groups (M= 22.41, SD= 3.25) and the 38 students in
non-DES controlled groups (M= 22.76, SD= 3.70). The following Table 3 and Table 4
give a summary of the test results.

Table 3. Descriptive data of quiz scores in experimental groups and controlled groups

Group N Mean Std. Deviation Std. Error
Mean

Quiz DES 51 22.412 3.251 .455

non-DES 38 22.763 3.701 .600

Hence, the second hypothesis was only partially supported, indicating that the
enhancement of learning outcomes with DES is subject to the nature of the knowledge
and assessments.

5 Discussion and Conclusion

Researcher has mentioned that online education relies on the creation of learning com-
munities [32]. A sense of community is based upon common goals and needs [26]. DES
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Table 4. Independent t-test results on quiz scores in DES groups and non-DES groups

Levene’s test for equality of
variances

t-test for equality of means

F Sig. t df Sig.
(2-tailed)

MDa SEDb 95%
confidence
interval of the
difference

Lower Upper

Quiz Equal
variances
assumed

0.849 0.359 −0.475 87 0.636 −0.351 0.739 −1.821 1.118

Equal
variances
not
assumed

−0.466 73.73 0.642 −0.351 0.753 −1.853 1.15

Notes: aMean difference, bStd. Error difference

creates an online version of a socialised learning community for the whole class and
small learning units for individual student groups. The space structure of connecting
the central plaza with SDG galleries shapes the concept that building sustainable cities
and communities as a core target in global villages needs to be equally constituted and
contributed by different sustainable development goals, which strongly aligns with the
learning objectives of the course.

Integrating the 3Dmodel platform, DES provides students with an explorative learn-
ing experience via central plaza and SDG galleries as well as transforms students’ indi-
vidual and group artefacts for further peer learning. Through the activity of populating
their own SDG gallery and visiting classmate’s SDG galleries, students’ perspectives
towards the sustainability issue have been expanded and diversified; and their way of
thinking about the synergy between global issues and themselves has been inspired.

Therefore, even in this challenging time when everybody is anxious, as the pilot
study revealed, both student behavioural and emotional engagement in DES learning
groups and scores of reading responses were notably higher than the non-DES learn-
ing groups. Since knowledge exchange, regulation of learning behaviours and reflections
throughmeaningful peer socialisation were efficient as expected in DES, effective learn-
ing behaviours were performed. What is more, visualization and exhibition of selected
project works, as well as given autonomy on personalized assignments, foster the stu-
dents’ ownership of their artefacts, which strengthens the sense of relatedness between
themselves and their outcomes compared to the usual oblivion after submitting theworks.
As a result, students feel more ambitious and confident, and more willing to spend time
on, and make more contributions to, their projects. Another possible clue could be the
novelty of the 3D technology, which raises student curiosity to explore the unknown.

However, the student quiz scoreswere broadly equivalent betweenDESandnon-DES
learning groups. The results indicate that online learning innovation has limited effects
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on acquisition of factual knowledge, which aligns with the previous research findings
that peer socialisation is of less importance if the learning activity is about information
acquisition [33]. Synoptic assessment which requires comprehensive understanding and
critical mind set on a subject will benefit more from meaningful social interaction.

In conclusion, this study introduces the Digital Exhibition Space (DES) as a new
motivational tool to provide students with explorative learning experience through
3D technology and helps to visualize student learning outcomes. Both student socio-
cognitive and academic engagement are enhanceddue to the increasedmeaningful social-
isation amongst students and intrinsic motivations intrigued by relatedness between stu-
dents and their artefacts. DES is designed to apply in both blended learning or online
learning contexts. The pilot study revealed that, under the circumstances which required
all classes to be conducted online, DES managed to help students achieve a higher level
of engagement and better academic performance.

References

1. Beldarrain, Y.: Distance education trends: integrating new technologies to foster student
interaction and collaboration. Distance Educ. 27(2), 139–153 (2006)

2. O’regan, K.: Emotion and e-learning. J. Asynchronous Learn. Netw. 7(3), 78–92 (2003)
3. Keller, J., Suzuki, K.: Learner motivation and e-learning design: a multinationally validated

process. J. Educ. Media 29(3), 229–239 (2004)
4. O’Flaherty, J., Phillips, C.: The use of flipped classrooms in higher education: a scoping

review. Internet High. Educ. 25, 85–95 (2015)
5. Kuh, G.D.: What student affairs professionals need to know about student engagement. J.

Coll. Stud. Dev. 50(6), 683–706 (2009)
6. Gachago, D., Ivala, E.: Social media for enhancing student engagement: the use of Facebook

and blogs at a university of technology. S. Afr. J. High. Educ. 26(1), 152–167 (2012)
7. Godwin-Jones, R.: Emerging technologies, blogs, and wikis: environments for online

collaboration. Lang. Learn. Technol. 7, 12–16 (2003)
8. Parker, K., Chao, J.: Wiki as a teaching tool. Interdisc. J. e-Learn. Learn. Objects 3(1), 57–72

(2007)
9. Su, F., Beaumont, C.: Evaluating the use of a wiki for collaborative learning. Innov. Educ.

Teach. Int. 47(4), 417–431 (2010)
10. Cole, M.: Using Wiki technology to support student engagement: lessons from the trenches.

Comput. Educ. 52(1), 141–146 (2009)
11. Tienken, C.H., Wilson, M.J.: The impact of computer assisted instruction on seventh-grade

students’ mathematics achievement. Plan. Chang. 38(3 and 4), 181–190 (2007)
12. Suhr, K.A., Hernandez, D.A., Grimes, D.,Warschauer, M.: Laptops and fourth-grade literacy:

assisting the jump over the fourth-grade slump. J. Technol. Learn. Assess. 9(5), 1–2 (2010)
13. Junco, R.: Too much face and not enough books: the relationship between multiple indices

of Facebook use and academic performance. Comput. Hum. Behav. 28(1), 187–198 (2012)
14. Donlan, L.: Exploring the views of students on the use of Facebook in university teaching

and learning. J. Furth. High. Educ. 38(4), 572–588 (2014)
15. Kabilan, M.K., Ahmad, N., Abidin, M.J.Z.: Facebook: an online environment for learning of

English in institutions of higher education? Internet High. Educ. 13(4), 179–187 (2010)
16. Brown,R.E.: Theprocess of building community in distance learning classes. J.Asynchronous

Learn. Netw. 5(2), 18–35 (2001)



186 H. Lin and M. Pryor

17. Wegerif,R.: The social dimensionof asynchronous learningnetworks. J.AsynchronousLearn.
Netw. 2(1), 34–49 (1998)

18. Haythornthwaite,C.:Building social networks via computer networks: creating and sustaining
distributed learning communities. In: Renninger, K.A., Shumar, W. (eds.) Building Virtual
Communities: Learning and Change in Cyberspace, pp. 159–190. Cambridge University
Press, Cambridge (2002)

19. Hunter, B.: Learning in the virtual community depends upon changes in local communities.
In: Renninger, K.A., Shumar, W. (eds.) Building Virtual Communities: Learning and Change
in Cyberspace, pp. 96–126. Cambridge University Press, Cambridge (2002)

20. Rovai, A.P.: A preliminary look at structural differences in sense of classroom community
between higher education traditional and ALN courses. J. Asynchronous Learn. Netw. 6(1),
41–56 (2002)
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Abstract. The purpose of this study was to investigate the effects of a collabo-
rative learning approach with a digital note-taking method on college students’
learning achievement and cognitive load in computer network courses. An exper-
iment was conducted using a sample of 42 students from a class of a university
in central China. Students were randomly divided into three groups, with each
group consists of 14 students. The experimental group A employed a collabo-
rative learning approach with a digital note-taking method and the experimental
group B that employed a conventional lecturing approach with a digital note-
taking method, while the control group that employed a conventional lecturing
approach and traditional note-taking with pen and paper. Students in the classes
studied computer network courses for 6 weeks. The pre- and post-tests showed
that the students with a collaborative problem-solving approach and employ the
digital note-taking method in classroom instruction have a significantly higher
learning achievement while significantly lower extraneous load than that of stu-
dents with the conventional lecturing approach and traditional note-taking with
pen and paper.

Keywords: Collaborative problem solving · Digital note-taking · Learning
achievement · Cognitive load

1 Introduction

Thewidespread use of the Internet hasmade the computer networks course a compulsory
one for many universities and colleges [1]. Nowadays, teachingmethods in many univer-
sities are mainly traditional lecture-based instruction [2], which are led by teachers who
use projectors, screens, and blackboards to display teaching materials. This teaching
method requires a high level of cognitive ability to integrate the transferred concepts and
exert greater pressure [3]. Traditional lecture-based instruction is most often thought of
as teacher-centered and content-oriented, which is promoted through practice, with little
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interaction between teachers and students [4], and thus it is of great difficulty to keep
students focusing on lectures [3]. Therefore, students may suffer learning problems in
gaining acknowledges of the complex concepts and principles of computer networks,
and further lose their self-confidence and failed in their learning achievement.

To improve student learning, some researchers have suggested using collaborative
learning in the process of teaching [5]. The core elements of collaborative learning are
to emphasize the interaction between students, to focus on cooperative incentives, and
to work in groups [6]. In collaborative learning, the only role the teacher plays is to
help students coordinate activities and offer advice, while students provide and share
information with each other in a collaborative problem-solving group [3, 7].

Note-taking is an essential part of classroom activities, it benefits students in learning
the materials [8]. The widely use of electronic devices, such as laptops, tablet PCs, takes
over the roles of traditional devices in taking notes in the classroom [8]. There is evidence
shows that students’ learning effect has greatly improved due to the use of digital notes
[9]. In comparison with the paper notes, digital notes are more malleable, and one can
process the digital notes easily to reflect, recall, synthesize, and collaborate with the
learning contents [10]. Moreover, with the support of a cloud-based note-taking system
(CNS), students can take notes, share, and review the notes more easily. Collaborative
learning combines with digital note-taking in the CNS, opens new possibilities for a
conventional course [11].

Cognitive load takes place when the resources of working memory are occupied by
the learning activities, resulting in a decrease in the learning potential [12]. According to
the cognitive load theory (CLT), there are three types of cognitive load, that is, intrinsic
load, extraneous load, and germane load [13, 14]. The CLT can understand the non-
surface-level aspects of collaborative learning, making individual learning less effective
and efficient than collaborative learning [15].Meanwhile, the development of technology
has made digital notes meet the various needs of students and reduce their cognitive load
[16].

Despite that collaborative learning and digital note-taking being the focus of many
studies, little research has paid attention to the effectiveness of collaborative learning
and digital note-taking. This study examined the influence of collaborative learning and
digital note-taking on students’ learning achievement and cognitive load.

2 Literature Review

2.1 Digital Note-Taking

Note-taking is a common, complex, and important activity that requires the selection
and comprehension of information and written production processes in classroom learn-
ing [17]. Several studies confirmed the use of note-taking as a highly effective way of
learning. Note-taking can improve the overall recall levels [18] and enhance memory
for lecture material [19]. Taking notes can not only ensure the possibility of memoriz-
ing information, but also allow us to pay more attention, comprehend and reconsider
information more carefully, and organize intentions and plans greater, to improve our
learning and retention ability. According to [19], people who take notes do better than
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those who don’t. Therefore, we can conclude that note-taking provide some positive
benefit to students’ examination performance.

The rapid development of high-quality digital tablets and mobile learning has grad-
ually moved away from traditional notes such as pen and paper to digital note-taking
based on personal computers [20]. Digital notes are often used as knowledge manage-
ment, collaborative learning, and e-laboratory notebooks. Digital notes can help students
take more notes. It’s believed that students can process more information as they record
more notes, which has a stronger influence on their learning [21]. Digital notes are also
superior to hand-written notes in many ways: being searchable, editable, easily sharable,
more legible, more malleable, and easier to copy, organize, translate and relocate to sup-
port reflection, recall, synthesis and collaboration [22]. As a result, it’s increasingly
common for students to take notes on laptops rather than in longhand.

Note-taking with the laptop has been rapidly spreading in universities (e.g., [23]).
Studies have compared digital notes with traditional handwritten notes on students’
learning outcomes. On one hand, some studies revealed the positive effects of digital
note-taking on students learning achievements. For instance, [21] found that taking
notes using a computer led to better overall test performance compared to longhand
note-taking. While on the other hand, negative effects were found in several studies.
For example, [24] concluded that students who took notes on a laptop performed worse
on conceptual questions than students who took notes longhand. Therefore, the mixed
results of these studies suggested that the effects of digital note-taking on students’
learning achievement remain unclear.

2.2 Collaborative Problem Solving

From the perspective of social constructive theory [25], collaborative problem solving
(CPS) is considered as a systematic teaching strategy in a socially constructive teaching
context [26], since students can learn various ways of thinking through observations
and discussions to improve their knowledge development [27]. In such an environment,
the teachers have changed from classroom leaders to observers and guides of student
learning, designing classroom teaching, and classroom activities for students. While the
students are placed at the focus, and they are the leader of classroom learning,members of
the collaborative learning group will be capable of expressing their viewpoints, sharing
their experiences, and clarifying their ideas through explaining and debating during the
discussions [3].

Mobile or portable devices have been used as major tools in computer-aided collab-
orative learning projects, with the purpose of tracking and collecting students’ learning
activities [28]. Studies have suggested that CPS has a positive correlation with student
learning achievement [29, 30].

2.3 Cognitive Load

TheCLT is related to thewayof focusing andusing cognitive resources in the learning and
problem-solving process [31]. Three types of cognitive load: (1) intrinsic load (IL),which
is determined by learner’s prior knowledge and the natural complexity of the learning
tasks; (2) extraneous load (EL), which is imposed by the instructional features that hinder
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learners’ learning; and (3) germane load (GL), which is caused by the instructional
features that are beneficial to learners’ learning [32]. The CLT provides a theory-based
approach to predict the effectiveness of a learning environment, and it has turned to be
one of the basic theories describing the cognitive processes in the learning processes of
new technologies, such as web-based instruction or multimedia-based instruction [33].

According to the CLT, one cannot manipulate the IL of learning material, while both
the EL and GL of learning material can be manipulated through an instructional design
[34]. As pointed out by [32], learners can take part in knowledge elaboration processes
that impose GL and further enhance the effect of learning when the IL is at an optimal
level and meanwhile the EL is low. Thus, to optimize a particular learner’s cognitive
load, the design of instructional strategies that induce low EL and optimal GL is needed.
Using the cognitive load approach for collaborative learning can better understand why
collaborative learning has high effectiveness and efficiency [15]. However, few studies
have explored the effects of collaborative learning and digital note-taking on students’
cognitive load.

2.4 The Research Questions

To explore the effects of CPS approach and digital note-taking on students’ cognitive
load and learning achievement, the following research questions were proposed:

1. Do the students who learn with the digital note-taking approachwith a CPS approach
show better learning achievement than those who learn with either an individual
learning or a traditional lecture learning approach?

2. Do the students who learn with the digital note-taking approachwith a CPS approach
show a more optimized cognitive load than those who learn with either an individual
learning or a traditional lecture learning approach?

3 Method

3.1 Participants

The participants of this study were undergraduate students of a university in central
China. Forty-two students from a class participated in the experiment. Students were
divided randomly into three groups, with two groups designated as the experimental
groups A and B respectively, and the third group as the control group. Each group
consisted of 14 students. All of the students had a basic knowledge of the computer and
able to complete collaborative problem-solving activities. One teacher (Male) with more
than ten-year experience in teaching taught all the three groups.

The teaching model of experimental group A was digital note-taking combined with
the CPS, where students in this group were divided into small groups, with each group
consisted of 4–5members. The teacher assigned a leader in each small group to maintain
the learning status. Students in each small group collaboratively completed the teacher’s
assignments. Experimental group B was a combination of the digital note-taking and
lectures in the teachingmode. Students in this groupwere asked to complete the teacher’s
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assignments independently; however, they can use the CNS to ask the teacher questions.
A conventional pen and paper combined with lectures were employed as the teaching
model in the control group. Students in this group completed the teacher’s assignments
independently, but they can only ask the teacher questions orally or by using conventional
pen and paper, instead of using the CNS.

3.2 Cloud-Based Note-Taking System

The Cloud-based Note-taking System (CNS) used in the present study was developed
by Tencent Inc., Based on cloud computing technology, the CNS provided superior
functions while retaining the same basic functions of note records, providing students
with cross-platform and information management functions [35]. The CNS supports
both independent [36] and collaborative learning [37]. The CNS can obtain information
efficiently and quickly and can be shared and exchanged [38]. Collaborative learning
groups will record problem-solving methods on cloud notes after collaborative and
completing tasks through discussion, communication, and other methods. Because the
CNS is shared in real-time, each group will see what is recorded by other groups on the
note in real-time, so while each group is in a collaborative relationship with members
of its group, it is also a collaborative relationship with other groups.

In the traditional lecture-based instructional approach, teachers usually use the pro-
jector to display multimedia teaching resources for students, such as video and audio
files, and various types of documents. As teachers and students cannot operate and write
directly on the projector, and thus they have to write contents on the chalkboard, by
which the interaction between teachers and students can be achieved. In the traditional
lecture-based classroom, the chalkboard is mainly used for the teacher’s handwriting
and students’ answers to exercise questions, while the projector is used only for the
presentation of course material.

3.3 Learning Contents

The learning contents in the experiment were four sections of the computer network
textbook for college students that majored in electrics and information engineering.
The four sections including “Routing”, “IPv6”, “TCP”, and “Application layer”. The
teacher presented the questions on the screen. The questions were designed according to
students’ prior knowledge and the teacherwouldmake a brief illustration of the questions
to ensure that the students totally understand. Students were asked to present the detailed
steps of the solving process to the questions using the CNS.

3.4 Procedure

Before the teaching experiment began, students in all the three groups spent 30 min to
complete a pre-test on learning achievement and fill out a pre-questionnaire on cognitive
load as well. Each of the learning sessions lasted 90 min and was conducted once a
week for six weeks. After the end of the teaching experiment, a post-test on learning
achievement and the post-questionnaire on cognitive load were conducted.
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Students in experimental groups A and B were asked to bring their laptops or tablet
PCs to the classroom to take notes in the CNS during the class. During each session, the
teacher divided the session into two parts.

In the first part, the teacher presented the questions on the screen for students to
practice. Students’ answering processes were divided into two stages. In the first stage,
students were asked to answer the questions independently. Students wrote down the
answers in the form of digital notes in the CNS. In the second stage, students were
asked to answer the questions collaboratively. Members in each group would discuss
the questions together, share their viewpoints, and reach a consensus, with the leader of
each group plays a leading role.

In the second part, the teacher would view and select one group’s answers and show
them to other groups and then ask the leader of the group to tell the results of his/her
group’s discussion. The teacher would give a comment on the answers and conduct
a follow-up instruction to the questions according to the answering situation of all the
groups.With the help of the CNS, the teacher and the selected group can demonstrate the
whole process of problem-solving clearly. Meanwhile, students in other groups could
take notes and write down their questions in the CNS. The teacher could give quick
feedback to students’ questions.

Students in experimental group B have to solve the problems independently. They
were not allowed to discuss the questions with their peers during the problem-solving
process. In the control group, blank worksheets were distributed to the students at the
beginning of the class. The teacher gave lectures and passed on knowledge to the stu-
dents, and the students took notes and answered questions and involved in discussions
with conventional pen and paper. The teacher answered students’ questions during the
lecturing. Students answered the questions on the worksheet and the teacher would
review students’ answers after all of them have handed in their worksheets.

3.5 Measuring Tools

The pre- and post-tests of this study were co-designed by the researchers and the teacher.
The pre-test was conducted to make sure that all the students in the three groups had
the same level of prior computer network knowledge. In the pre-test, there were six
fills-up and four multiple-choice questions with only one correct answer. The post-
test included 15 multiple-choice questions with only one correct answer and two free-
response questions. The full score for both the pre-test and post-test is 100.

The cognitive load scale (CLS) used in this studywasmodified from the instrument of
cognitive load that developed by [33]. We replaced the term “statistics” with “computer
networks”, to cover the subject and topics of computer networks. There were 10 items
in the CLS, and the overall Cronbach’s α value of the scale is 0.85, which indicated that
the CLS is of high credibility.

4 Results

4.1 Students’ Scores on Learning Achievement

Apre-test was conducted to determine the level of students’ prior knowledge of computer
networks. A one-way analysis of variance (ANOVA) was conducted on student scores
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of the pre-test. As shown in Table 1, the results revealed no significant difference in
the pre-test scores of the three groups (F = 0.025, p > 0.05). This indicates that no
significant difference existed in the three groups’ level of prior knowledge before the
implementation of the teaching experiment.

Table 1. ANOVA results for the pre-test of the learning achievement.

Variable Sum of
squares

df Mean square F

Pre-test Between
groups

14.33 2 7.17 0.025

Within
groups

11,400.07 39 292.31

Total 11,414.41 41

At the end of the teaching experiment, a post-test was conducted to assess students’
learning achievement. To eliminate the interference effect of the pre-test scores, a one-
way analysis of covariance (ANCOVA)was conducted. Table 2 shows that theANCOVA
results were significant (F (2, 38) = 3.89, p < 0.05), which indicated that there was a
significant difference between the three groups. Therefore, a post hoc comparison was
further conducted. The pairwise comparisons show that the post-test score of exper-
imental group A is significantly higher than that of the control group (p = 0.027 <

0.05), while no significant difference was found between the two experimental groups
or between experimental group B and the control group.

Table 2. ANCOVA results for the post-test of the learning achievement.

Groups N Mean SD Adjusted mean SE F Post hoc

(1) EG A 14 54.43 13.79 54.51 2.77 3.89* (1) > (3)

(2) EG B 14 47.71 7.44 47.63 2.77

(3) CG 14 43.71 8.91 43.72 2.77
*p < 0.05. EG = Experimental group, CG = Control group.

4.2 Students’ Scores on Cognitive Load

Students’ cognitive load was assessed using the CLS before and after the teaching exper-
iment. A one-way ANOVA was conducted on student pre-test scores of the cognitive
load scale before the learning experiment began. As shown in Table 3, there was no sig-
nificant difference in the three groups’ pre-test scores of cognitive load. It’s suggested
that students in the three groups have a similar level of cognitive load before the teaching
experiment.



194 Y. Shi et al.

Table 3. ANOVA results for the pre-test of the cognitive load.

Variables Sum of
squares

df Mean square F

IL Between
groups

1.624 2 0.81 1.19

Within
groups

26.64 39 0.68

Total 28.27 41

EL Between
groups

2.23 2 1.11 1.03

Within
groups

42.18 39 1.08

Total 44.40 41

GL Between
groups

0.60 2 0.30 0.54

Within
groups

21.59 39 0.55

Total 22.19 41

After the end of the teaching experiment, a post-test on the cognitive load scale was
conducted to assess student cognitive load. A one-way ANCOVA was conducted on
student post-test scores of cognitive load, to eliminate the interference effect of the pre-
test scores of cognitive load. As shown in Table 4, the ANCOVA results were significant
for EL (F (2, 38) = 3.92, p < 0.05), while no significant effect was found on IL and
GL. A post hoc comparison on the post-test of EL was further conducted and the results
show that the experimental group A is significantly lower than that of the control group
(p = 0.027 < 0.05).

5 Discussion and Conclusion

This study examined the effects of a CPS approach in combining with the digital note-
takingmethod on college students’ learning achievement and cognitive load in computer
network courses. It is found that students with a CPS approach and employ the digital
note-takingmethod in classroom instruction have a significantly higher learning achieve-
ment while significantly lower EL than those of students with a conventional learning
approach and traditional note-taking with pen and paper.

Students’ learning achievement was examined to investigate the different influences
of three teaching modes. Students in the experimental group A solved the problems
independently at the beginning and after that, they shared their problem-solving pro-
cesses in the CNS and discussed the problems with their group members. By doing so,
students had a better understanding of the concepts of the learning contents, and their
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Table 4. ANCOVA results for the post-test of the cognitive load.

Variables Groups N Mean SD Adjusted mean SE F Post hoc

IL (1) EG A 14 2.79 0.80 2.84 0.20 2.01

(2) EG B 14 3.48 0.88 3.37 0.21

(3) CG 14 3.26 0.75 3.32 0.20

EL (1) EG A 14 1.98 0.76 1.90 0.21 3.92* (1) < (3)

(2) EG B 14 2.64 1.07 2.55 0.21

(3) CG 14 2.50 1.01 2.68 0.21

GL (1) EG A 14 3.27 1.00 3.29 0.24 0.20

(2) EG B 14 3.59 1.10 3.50 0.25

(3) CG 14 3.38 0.89 3.45 0.25
*p < 0.05. EG = Experimental group, CG = Control group.

problem-solving skills were also developed and enhanced during the collaborative pro-
cesses. As a result, students in experimental group A had a significantly higher learning
achievement than those of the control group. This finding is consistent with the results
of some previous studies, which stated that the CPS approach could facilitate students’
learning and promote their problem-solving abilities and thus improve their learning
achievement [29, 39]. Moreover, this finding also confirmed the statements that students
have been found to become more actively engaged in the learning process when they
learning collaboratively [40], and collaborative learning is more effective and efficient
than learning by individuals [15].

The major difference between experimental groups A and B is the instructional app-
roach. Without any CPS process with group members, students in experimental group
B completed their learning tasks with the CNS independently. Students can interact
with the teachers by asking questions and receiving answers, but not encouraged to
actively engage in the learning process. With the help of CNS, the teacher can check
students’ notes and answers immediately. However, the CNS has little effect in facilitat-
ing students’ active learning to learn basic concepts of computer networks or improving
students’ problem-solving abilities. Therefore, it is not difficult to understand why the
learning achievement of students in the experimental group B was not as good as that of
students in experimental group A.

The major difference between the experimental group B and the control group was
the way students take notes. This result was consistent with the findings of [3], which
has a similar experimental design. Previous studies pointed out that without an effec-
tive learning strategy, the learning achievement wouldn’t improve significantly, no mat-
ter how advanced the learning tool is [41]. In other words, it’s the learning approach
or learning strategy rather than the learning tools that do matters to students’ learn-
ing achievements. Therefore, no significant difference existed in learning achievement
between the experimental group B and the control group.
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Regarding the effects of three different teachingmodes on college students’ cognitive
load, the results showed that the experimental group A had a significantly lower EL than
the control group, while no significant difference was found on IL and GL among the
three groups. The post-test showed that the average scores of the three groups’ IL were
around 3, which indicated that all students have a modest level of IL. As [42] pointed
out that when IL is at a modest level and EL is low, students could engage in knowledge
elaboration processes that facilitate learning. Therefore, this result can partly explain
why students in experimental group A had a significantly higher learning achievement
than that of the control group.

It should be noted that this study has limitations. Firstly, this study has a relatively
small sample size, because only one subject and one class were included in this initial
study. More subjects and larger sample sizes are expecting to involve in future studies.
Secondly, this study only examined students’ learning achievement and cognitive load,
more factors such as motivation, self-efficacy, are suggested to be examined in future
studies. Finally, the duration of this experimental study lasts for only six weeks, and
it seems that the potential benefits of the collaborative learning approach and CNS are
not fully activated. To this end, future studies are suggested to examine the impacts of
the collaborative learning approach and digital note-taking method in the long term, in
order to make full use of the collaborative learning approach and CNS. In addition, more
attention should be devoted to the design and implementation of the collaborative learn-
ing approach for classroom instruction, in order to improve college student’s learning
achievement and optimize students’ cognitive load.
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Abstract. It is a general expectation from the society that new graduates should
be job ready with the necessary 21st century competencies more than a good
degree. Evidence shows that participation in extracurricular activities can effec-
tively develop students’ competencies and enhance their employability. However,
information is insufficient for extracurricular activity organizers to plan for the
activities and for students to plan for their participation. The City University of
HongKong has built a central repository called “CRESDA” purposely to provide a
smarter way for planning extracurricular activities for different stakeholders such
as organizers, students and advisors. This paper reviews the design philosophy of
CRESDA and two studies conducted using CRESDA data in the academic year
2016/17 together with employers’ feedbacks on placement of computer science
students in the following year. It identifies the level of engagement in extracur-
ricular activities, gaps between offering and level of participation, different needs
from students of different disciplines, as well as the relationship between the level
of engagement and job readiness.

Keywords: 21st-century competencies · Extracurricular activities ·
Outcome-based learning · Employability · Personal development

1 Introduction

Globalization and rapid technological advancements are changing the ways we live and
our expectations of graduates [1]. Employers and the society expect graduates to be
equipped with new competencies in order to be job ready when they graduate, and be
successful in their career and daily life in the future [2–4]. Students understand that they
need new competencies in job searching and career development [5, 6].

Competencies can be developed by participating in extracurricular activities [7].
However, extracurricular activities are not well planned by organizers, students and
advisors because of the unstructured nature and difficulty in measurement. Students
normally attend extracurricular activities by random based on availability and interest
[8, 9]. It reflects that students are not aware of the competencies that they are expected
to possess in order to enhance their employability. They also do not have sufficient
information to facilitate planning for their learning goals from extracurricular activities.
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In order to solve these issues, the City University of Hong Kong (CityU) devel-
oped a system in 2016 called “Central Repository on Student Development Activities
(CRESDA)” [10]. It provides information in a structured and systematic manner, to help
organizers, advisors and students in planning and reflecting in a smarter way.

2 Literature Review

2.1 21st-Century Competencies

In the 21st century, the society expects graduates to be equipped with new competencies
on top of their academic qualifications. These competencies, such as creativity, lead-
ership skills, social skills, communication skills, and global awareness, are generally
called the 21st-century competencies (or simply “competencies” or “attributes”). These
competencies are the skills and personal attributes that increase graduates’ opportunities
in gaining employment and succeed in their chosen career [11].

A growing number of educators, politicians, and business leaders believe that stu-
dents need to develop certain competencies in order to be successful [12]. Institutions
are expected to develop students’ competencies in order to be job ready [13]. Compe-
tencies cannot be learned but can be developed [7], particularly, through participating
in extracurricular activities [14, 15]. However, several challenges have been identified.
First, competencies cannot be quantified, measured and assessed in a similar way as
traditional academic courses because formal examinations are generally not applicable.

Second, the 21st-century competencies maymean different things to different people
and different organizations [13].When preparing employees for a particular career, these
competencies are work-related [16]. Therefore, it is expected that students in different
colleges/schools may focus on developing different groups of competencies. Students
need a smarter way to know “What competencies and to what extend I need to develop
them?” and “What and to what extend I have developed on these competencies?”.

3 Philosophy of CRESDA

Based on the expected graduate outcomes defined by CityU, we defined a list of 21st-
century competencies (called “attributes”) in CRESDA and linked them to the extracur-
ricular activities [8]. This provides quantitative data on developing the 21st-century com-
petencies in terms of the duration of an activity leading to each competency developed
by students. Graduate outcomes are listed in Table 1.

Each graduate outcome is associated with a set of competencies (or “attributes”).
Samples of attributes (9 out of 36) and their corresponding mapping with the graduate
outcomes are listed in Table 2 [8].

The learning model associated with CRESDA is shown in Fig. 1. It can capture the
attributes that are learned by students in extracurricular activities [8].
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Table 1. List of graduate Outcomes of CityU

Graduate Outcome Description

GO1 Apply effective communication, language, numerical and IT skills to a
variety of professional settings

GO2 Apply multi-disciplinary critical thinking skills to solve problems and
create new ideas

GO3 Relate cultural awareness to collaborate effectively in a broad range of
teamwork situations

GO4 Generate a positive and flexible approach to lifelong learning and
employability

GO5 Reflect on the ethical and social responsibilities required for professional
citizens in the global society

Table 2. Samples of attributes and their mappings with graduate outcomes

Category Attribute Graduate outcome

Internationalization International perspective GO3

Multicultural perspective GO3

Understanding global issues GO5

Social Interpersonal skills GO1

Teamwork GO3

Psychological/Emotional Emotional health GO4

Self-appreciation GO4

Professional/Career Application of professional knowledge GO2

Leadership GO3

Fig. 1. The learning model associated with CRESDA
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4 Results and Discussions

This paper aims at performing an initial study using a qualitative approach to give a high-
level understanding of the data being captured in CRESDA in 2016/17. It is followed
by the second study which is a quantitative approach on data collected from employers’
feedbacks on the placement of computer science students in 2017/18.

4.1 Initial Study

The purpose of the initial study is to identify the gap between extracurricular activities
organized and the engagement level, as well as the different needs of students of different
disciplines. CRESDA data in the academic year of 2016/17 is used in this initial study.
These include students from College of Business (CB), College of Liberal Arts and
Social Sciences (CLASS), College of Science and Engineering (CSE), School of Energy
and Environment (SEE), School of Law (SLW) and School of Creative Media (SCM).
Only completed activities (440 out of 651 extracurricular activities) with attendance
records registered in CRESDA (434 out of 440 completed activities), and only full-
time undergraduate students (3,428 distinct students who participated in at least one
extracurricular activity in the mentioned period) are included in this study.

4.2 Engagement Level

From Fig. 2, it is observed that more than half of the students from SEE (59.88%), about
one third of the students fromCB (29.95%) andCSE (29.97%) correspondingly, and only
25.16%, 15.47% and 12.5% of the students from CLASS, SLW and SCM respectively
have participated in extracurricular activities. Without other information, it is not easy
to identify the reasons behind.

Fig. 2. The participation rate of each college/school

Table 3 shows the participations of students from different cohorts in the academic
year 2016/17. It is found that students in their first year at CityUhad a higher participation
rate in general. In general, the participation rate is not high and it alignswith other findings
that students are not engaged in extracurricular activities [5].
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Among those who have been participating in at least one extracurricular activity,
all the five graduate outcomes have been addressed by at least half of the students with
GO4 (82%) and GO1 (79%) being the highest comparing to GO2 (69%), GO3 (62%)
and GO5 (49%). It shows students perception and high level of understandings of its
importance. It also matches the expectation from the society and employers, and aligns
with the trend of globalization and inter-connected cultures.

Table 3. Participation (in hours) across different cohorts and different colleges/schools

College/schools Cohort Sub_total (hours)

2012 2013 2014 2015 2016

CB 335 256 5,550 13,967 14,363 34,471

CLASS 121 2,026 6,861 12,751 19,916 41,675

SEE 18 296 98 123 594 1,129

SLW 104 477 234 248 222 1,285

CSE 254 3,845 18,410 26,336 72,003 120,848

SCM – 6,468 1,033 8,885 8,250 24,636

Sub_total (hours) 832 13,368 32,186 62,310 115,348 224,044

4.3 Offered Vs. Participated

Table 4 shows the differences between the activities offered and the activities with
highest participation by students. For example, it is obvious that analytical and problem-
solving ability ranks high from organizers’ perspective (rank #2) but it is ranked at
#6 from students’ perspective. It is obvious that there is a room for improvement in
planning extracurricular activities tomatch students’ needs. It is also found that language
proficiency, multicultural perspectives, international perspectives and understanding of
global issues are the top four competencies to be gained by students.

4.4 The Diversity of Attributes Learned by Students from Different
Colleges/Schools

Different competencies are required in different industries [13, 16]. To understand stu-
dents’ need in a more specific manner, we need to identify the variations of demands of
students from different colleges/schools. Table 5 lists the top 5 attributes mostly received
by students, in terms of number of hours, from different colleges/schools.

CB students focus more on globalization-related competencies with relatively even
distribution, meaning students are trying to participate and gain broader competencies.
This matches the vision and value defined by the college that “the College of Business at
City University of Hong Kong aims to be a globally-oriented business school, producing
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Table 4. Top 10 attributes offered vs. participated

Rank Offered Participated

1 Interpersonal skills Language proficiency

2 Analytical and problem-solving ability Multicultural perspectives

3 Language proficiency International perspective

4 Self-learning/Lifetime learning Understanding global issues

5 Multicultural perspective Interpersonal skills

6 International perspective Teamwork

7 Teamwork Analytical and problem-solving ability

8 Understanding global issues Integrating international students into the
student community

9 Positive attitude Art appreciation

10 Integrating international students into the
student community

Community care and services

innovative and impactful business knowledge, and nurturing leaders for a sustainable
future: a key business education hub—in China for the world” [17].

CLASS students focusmore on inter-personal-related competencies with a relatively
even distribution. Thismatches theCollege’smission statement that it “actively cultivates
multi-disciplinary and inter-disciplinary collaboration…” [18].

CSE students focus more on language and internationalization-related competencies
but clearly with language competencies being significantly higher than all others. This
matches findings from other researchers that engineering students, in general, have more
rooms for improvement in languages [19].

SEE students focus more on career readiness with almost half of the participants
concentrating on career planning. This may be because SEE is a relatively young school
which was established in the year 2009 and not many references from previous graduates
can guide the new graduates in their careers.

SLW students focus more on inter-person-related skills particularly on teamwork
and interpersonal skills. This matches the general understanding that professional ser-
vices providers such as lawyers rely very much on relationship marketing [20]. At the
same time, we can find some competencies such as negotiation, conflict resolution, and
communication skills, which may be specific to SLW students.

SCM students focus more on language (37%). But it is worth noting that 16% are
participating in community care and services which is not among the top 5 attributes
from all other colleges/schools.

4.5 The Second Study

The second study aims at verifying the usefulness of participating in extracurricular
activity and the employability. It allows students to know what competencies are critical
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Table 5. Top 5 attributes mostly received by students from different colleges/schools. These
attributes are arranged in descending order of percentage

College/School Attributes Percentage

CB Multicultural perspectives 14%

Integrating international students into the student community 14%

International perspective 9%

Teamwork 9%

Traditional cultural heritage 9%

CLASS Interpersonal skills 11%

Teamwork 10%

Emotional health 6%

Language proficiency 6%

International perspective 5%

CSE Language proficiency 30%

Multicultural perspective 15%

International perspective 15%

Understanding global issues 15%

Interpersonal skills 5%

SEE Career planning 45%

Teamwork 16%

Interpersonal skills 13%

Art appreciation 11%

Organization of work 3%

SLW Teamwork 22%

Interpersonal skills 18%

Art appreciation 9%

Negotiation, conflict resolution, and communication skills 8%

Integrating international students into the student community 6%

SCM Language proficiency 37%

Multicultural perspectives 26%

Community care and services 16%

Teamwork 7%

Analytical and problem-solving ability 4%

to their corresponding disciplines and facilitates them to do planning and learning at an
earlier stage. Computer science students of CityU are required, as part of the curriculum,
to take a work as placement in a company through their third year of study. At the end



206 Y. K. Hui et al.

of the placement period, employers are required to respond to a standard questionnaire
designed by CityU about the work performance of those placement students. The ques-
tionnaire contains five sections with a total of nineteen 5-point Likert scale questions.
The following three questions are used for analysis purposes:

• Q1: Improvement shown in all aspects since the interim review.
• Q2: Performance compared to newly recruited graduates.
• Q3: Overall performance in the placement year.

We identified that multicultural perspective and interpersonal skills are highly corre-
lated to placement students’ work performances. Figure 3 compares the average scores
of each of the three questions between the following two groups.

• Group 1: Placement students who never participated in any CRESDA activities related
to the corresponding attribute (100 and 89 students for multicultural perspectives and
interpersonal skills respectively).

• Group 2: Placement students who have participated in at least one CRESDA activities
related to the corresponding attribute (5 and 16 students for multicultural perspectives
and interpersonal skills respectively).

Fig. 3. Participation vs employers’ feedback

Despite the relatively small sample size for group 2, the average score of group 2 is
significantly higher than that of group 1. This means students participated in extracur-
ricular activities related to multicultural perspective or interpersonal skills could gain
higher appreciation and recognition from their employer.

5 Contributions, Limitations and Future Directions

5.1 Practical Contributions

The findings in this paper contribute in practical ways to different stakeholders. First,
the organizers of extracurricular activities can identify the gaps between what they are
offering and what the students are looking for. This provides valuable references for
their smarter planning in organizing extracurricular activities matching the needs of the
society, job market and students of different disciplines.
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Second, academic advisors can have a consolidated view of students’ status on
academic and competency development in a holistic way. This can facilitate them in
providing smarter and better advising to students.

Third, students can perform reflection on their learning in both academic and non-
academic development. This can help them to better understand their strengths andweak-
nesses on competencies development. This helps students to answer the two questions
as mentioned before:

• What competencies and to what extend I need to develop them?
• What and to what extend I have developed on these competencies.

Fourth, institutions benefited from the better use of resources and nurture the right
graduates. Ultimately, the society and employers can have a higher chance to have
graduates who are more job ready.

5.2 Theoretical Contributions

The findings in this paper contribute in theoretical ways to different research areas. First,
it contributes to the research discipline of the 21st-century competencies by providing a
more systematic and structured repository with measurement technique.

Second, this study contributes to theway on predicting student success in terms of job
readiness and employability based on students’ learning behaviors in the non-academic
side, which were previously non-structured and difficult to be measured.

5.3 Limitations

Two limitations are observed in this study. First, it is noted that the definitionof graduation
outcomes of CityU has been refined [21]. It is suggested that CRESDA’s coding should
be refined accordingly for consistency and better reporting purposes.

Second, with only a year of CRESDA data and a year of employers’ feedback on
placement students of only one department captured, predictive analysis of students’
employability upon graduation is yet to be done. It is suggested that a more in-depth
analysis should be conducted to evaluate the predictive power on graduates’ job readiness
and employability.

5.4 Future Directions

We propose a practical plan for the future development of CRESDA. First, the definition
of learning outcomes should align with the latest definition given by the university.
Second, promotion and training programmes should be carried out in order to increase
the usage and thus enhance the completeness and accuracy of data. Finally, data analysis
betweenCRESDAdata and graduate exit survey should be conducted to predict students’
employability such as the duration before the first offer is obtained, number of offers,
initial salary and company scale.
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6 Conclusions

Societies and employers expect new graduates to be job-ready. Therefore, the 21st-
century competencies have become more important than academic achievements from
employers’ and students’ perspective in recent years. To make new graduates job-ready
with the necessary 21st-century competencies, institutions have the responsibility to
develop students according to the market needs. Extracurricular activities have been
seen to be the major way to develop students’ competencies.

CRESDAwas launched byCityU to capture students’ participation in extracurricular
activities in amore systematic waywhich associates competencies and intended learning
outcomes. This paper reviews the CRESDA design objectives and information model.
We conducted analysis the data in the first academic year after CRESDA’s launch in
July 2016 and the employers’ feedback of placement students in the academic year
2017/18. The result shows that students from different colleges/schools have different
participation rates and different focuses. The result also shows the gap between what is
offered by organizers and what students participated in. Finally, we identified the two
competencies that influence placement students’ overall performance the most.

The findings are a valuable reference to organizers to better plan and utilize
resources when organizing extracurricular activities in the future. Students can also
plan their extracurricular activities in order to receive training in the set of 21st-century
competencies that his/her future career needs the most.
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Abstract. A blended learning environment including interactive activities was
designed to encourage students to analyze media with multiple views. The pur-
pose of this study was to examine whether the design of interactive activities
cultivated students’ inquiry-mind and objectiveness of Critical Thinking Disposi-
tions (CTD). This research used a media literacy course in a Japanese university
as a case study. The authors developed the questionnaire items which examined
interactive activities and the CTD scale for Japanese university students. As a
result, the authors found that (1) students highly evaluated activities where they
analyzed media with inquiry-mind and objectiveness, (2) the activities positively
correlated inquiry-mind and objectiveness, and (3) there were significant differ-
ences of inquiry-mind and objectiveness in the low, middle and high groups of
participation in LMS activities. The cycle, of thinking activities in the classroom,
discussion onLMSand reflection activities, created a critical culture in the blended
learning environment in a semester.

Keywords: Activity design · Critical Thinking Dispositions ·Media literacy ·
Critical culture · Blended learning environment · Higher education in Japan

1 Introduction

With the development of the information society, most university students can access
and send information freely using mobile phones, the internet and other mass media in
Japan. Improving students’media literacy is a big challenge becausemany students easily
accept information without determining if it is true or false and why it is represented in
the media.

To avoid accepting information completely, students were asked to think critically
about information in the media [1, 2]. However, when asked to analyze media text, some
students tended to wait for the teacher to give them the correct answer [3]. Furthermore,
in most cases, students avoided disagreeing with opinions stated in the classroom, since
Japanese culture, values sameness [4]. Therefore, cultivating students’ critical thinking
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dispositions (CTD) to form habits to think and state multiple opinions in university
courses is important.

CTD was influenced by the critical culture that encouraged the learners speak or
write their ideas and opinions from multiple viewpoints [5]. To create a critical culture,
active participation must be designed to foster students’ thinking habits and direction
[5–7]. Online discussion was used to enhance the effect of active participation in a
blended learning environment since there are some limitations in the classroom. This
paper focused on the activities designed to cultivate students’ CTD in a blended learning,
media literacy course.

2 Media Literacy Education and Its Relationship to CTD

2.1 Media Literacy Education in Japanese Universities

Media literacy is the ability to read, understand and use information in media. A goal
of media literacy education is for students to critically analyze and judge information
in media, before reaching their own conclusions [1, 2]. Students must become active,
not passive learners and be critical thinkers in the course. Becoming critical thinkers
requires students to be “‘rational’ and ‘skeptical’ in their dealing with the media” [2]
(P108). To become “rational” and “skeptical” when viewing the media, students must
develop critical thinking.

2.2 Critical Thinking and CTD in Media Literacy Education

Critical thinking is reasonable and reflective thinking focused on decidingwhat to believe
or do [8]. Critical thinking includes critical thinking skills (CTS) and CTD. For critical
thinking to successfully occur, students should develop their tendencies to think critically
[8]. Unfortunately, some students have CTS, but do not use these skills [9, 10]. Tishman,
Jay and Perkins call for payingmore attention to CTD since CTS cannot occur if students
lack tendencies of critical thinking [5].

Morimoto identified critical thinking inmedia literacy as analyzingmedia objectively
from multiple viewpoints including the perspectives of media production, and social,
political and economic backgrounds [9]. The objectiveness of judgement cannot occur
unless students inquire and think of new perspectives when exploring information [1,
2]. Thus, analyzing media with inquiry-mind and objectiveness are important CTD in
media literacy education.

2.3 Problem Statement

In Japan, universities have large lecture-type classes. One teacher teaches more than 100
students in a lecture hall that seats 300–500 students. Teachers assume the role of the
authority who must efficiently teach knowledge. Students listen and take notes. In these
classrooms, students assume passive roles in participation and thinking [3]. Therefore,
this teaching style does not allow students to analyze media information critically. Fur-
thermore, Japan has a group collective culture, where being in harmony or similar to
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others is more emphasized than being different. Japanese tend not to express opposi-
tion or opinions that differ from their friends and superiors [4]. Therefore, even when
asked by the teacher to express their opinions, Japanese students tend not to show their
oppositional opinions clearly in the classroom. In this type of learning environment, few
Japanese students think aboutmediawithmultiple perspectives and inquirymind. There-
fore, cultivating Japanese students’ inquiry-mind and objectiveness is a great challenge
in a media literacy course.

3 Cultivating CTD in Blended Learning Environment

Bukingham indicated that active participation could foster students to analyze media
critically [2]. Active participation included group work and dialogue in the classroom.
However, there are some limitations of time in a large lecture-type class in Japan. Thus, a
blended learning environment, linked with the learning environment that occurred in the
classroom and online [11] was designed to cultivate CTD in the course in a Japanese uni-
versity. A comparison study between blended learning and traditional learning environ-
ments found that students developed their CTD better in a blended learning environment
[12].

Online discussions were useful strategies for students to reflect on their learning and
formulate new ideas [13, 14]. Okano and Kubota analyzed the reports submitted on the
bulletin board from 30 students in 2006. They identified that students transformed their
media perspectives through the process of notion, reflection, and concepts changing [14].
These studies identified how and why students’ CTD changed. However, these studies
did not identify how students’ CTD was foster in a blended learning environment.

Creating a classroom culture was a possible way to foster students’ CTD [5, 6].
Classroom culture depended on the features of the lesson or course. In this study, critical
culture was defined as a culture where students can freely express their opinions and
think critically.

To create critical culture, there are some design principles: (1) Interaction between
students-students and teacher-students. Tishman, Jay and Pekins identified that the
classroom culture where students felt comfortable and easily expressed their opinions
was essential. He suggested that encouragement of interaction between students-students
and teacher-students was an important principle [5]. This principle was also supported
by Bloch and Spataro in 2014[15]. (2) Students externalizing their thought through
language.Richhart describes externalization through presentation andwriting are forces
to shape the culture of CTD [6, 7]. Since thinking is a complex and internal occurrence
in the head, externalization in language could improve CTS and form CTD. (3) The
teacher’s role as a facilitator to provoke students to think. Teacher should be a facil-
itator to support students to think rationally and skeptically [1–3]. Michida suggested
that an authoritative teacher who has the ‘right answer’ may inhibit Japanese students
from examining different perspectives and judging objectively [3]. (4) Reflecting on the
thinking process. Reflection could help students to reexamine their previous thoughts
in the process of reaching conclusions and rethink their conclusions [11, 16]. Blended
learning does not simply combine the learning in classroom and online but trigger stu-
dents to reflect deeplywhat and how they think by linking both activities. Thus, designing
a blended learning environment that connects LMS and the classroom is crucial.
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4 Activity Design in Blended Learning Environment

Based on the theory of cultivating CTD above, activities were designed to foster inquiry-
mind and objectiveness in media literacy education. The design included the three com-
ponents of thinking activities in the classroom, discussion on LMS, a type of bulletin
board in Japan, and reflection activities in the next class (Fig. 1). In this course, the
lecturer played the role of the facilitator to trigger students to think independently.

Fig. 1. Activities design to cultivate critical thinking disposition

4.1 Thinking Activities in the Classroom

Some activities in the classroom took about 60 min (one course is 90 min). The activities
were as follows: (1) Cases analysis: The lecturer showed some cases, such as video,
photos or news reporting inmedia. These cases were unfamiliar to the students andmany
students felt surprising. (2) Group work: Students discussed in groups of 3–4 students,
who sat nearby. They exchanged their ideas in the group. (3) Presenting opinions:
Students were asked to express their answers by raising their hand and asking some
thought-provoking questions. If few students stated their answers by raising their hands,
they needed to share their opinions quickly into a microphone that was passed around
the room. Students were randomly selected to speak into the microphone. (4) Opinions
shown on the screen: After students shared their opinions, the lecturer posted their
answers on a screen in front of the classroom making opinions visible in the classroom.
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4.2 Discussion on LMS

After the lesson, studentswere asked to complete two tasks: post their opinions and views
about the discussion topics and classroom lesson, and comment on other students’ posts.
The design of the active learning on LMS was as follows: (1) Writing opinions and
views: Every student wrote their opinions and views about the discussion topics. (2)
Commenting on other students’ posts: Students needed to comment on more than two
other students’ posts. (3) Exploring new viewpoints: Students needed to explore new
viewpoint based on their judgement.

4.3 Reflection Activities in the Next Lesson

Discussion of a few Typical Opinions from LMS: At the next lesson, some typical
opinions on LMS were chosen by the lecturer and introduced. The lecturer discussed
the posts with the students, who posted their opinions on LMS.

5 Research Objective

The purpose of this study is to examine the effectiveness of activities designed to combine
classroom and LMS interactions. To attain this research objective, the authors used a
case study approach in a media literacy course in a Japanese university. Three research
questions driving this study are:

1) Do students evaluate whether their inquiry-mind and objectiveness were fostered?
2) What kind of activities were related to their development of objectiveness and

inquiry-mind?
3) Are there differences between objectiveness and inquiry-mind in the participation

scale of LMS activities?

6 Research Method

6.1 Case of Media Literacy Course

This research examined a media literacy course called “Media Expression” in the spring
semester in 2017 as a case study. “Media Expression” was an elective course at K
University, Japan. The goals of this course were to foster students’ critical thinking
and media literacy in a blended learning environment. The students in the class were
sophomores, juniors and seniors. This course was designedwith 15 lessons in a semester.
Twohundred eighty undergraduates participated in this course during the spring semester
in 2017.
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6.2 Questionnaire and Data Collection

Aquestionnaire, which included CTD scale and activities in the design, was created. The
scale was based on the CTD Scale that Hirayama and Kusumi developed in 2004, which
included inquiry-mind, objectiveness, awareness for logical thinking, and evidence based
on judgment [17]. Inquiry-mind is the tendency to learn more through communication
with different people. Objectiveness is the tendency to make judgments without bias.
Awareness for logical thinking is the tendency to think in an orderly sequence when
encountering complex problems. Evidence based on judgment is the disposition that
leads judgement based on evidence to reach a conclusion. Eleven items of the CTD
scales were selected in each factor of inquiry-mind, objectiveness, awareness of logical
thinking, and two items from evidence based on judgment were chosen. In addition,
eight items about activities based on the design were used (Table 1).

Table 1. Questionnaire Items

Number Items Type of items

1 I learned many things through communication with different
people in the course

CTD: Inquiry-mind

2 I was interested in the opinions that differ from mine in the
course

3 It was interesting to discuss topics with different people in
the course

4 I tried to think of things not only based on one or two
perspectives but as much as possible

CTD: Objectiveness

5 I listened carefully to other people even if I disagreed with
them in the course

6 I reflected on whether I had unconscious bias in the course

7 I focused on the solution of problems in the course CTD: Awareness for
logical thinking8 I was confused when I thought about complex problems in

the course

9 I explained my opinions so that everyone can understand me
in the course

10 I checked the evidence to reach conclusions in the course CTD: Evidence
based on judgement11 I did not firmly believe in all opinions and often doubted

them in the course

12 I said my opinions clearly in the classroom Thinking activities in
classroom

13 I noticed new ideas in group work

14 I was surprised many times in the classroom

(continued)
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Table 1. (continued)

Number Items Type of items

15 I compared my opinion with other students’ opinions shown
on the screen in the classroom

16 I wrote my opinions clearly on the LMS after the lessons Discussion on LMS

17 I noticed the difference between myself and other students
through the comments on the LMS

18 I used the ideas of other students in my opinions when I
wrote comments

19 I reflected on my thoughts and behaviors when I read
opinions during the feedback time

Reflection activities

The questionnaire used a five-point scale (Strongly agree, agree, neither agree nor
disagree, disagree, strongly disagree) for students to answer. The scores were analyzed
from five to one with five given to strongly agree and 1 to strongly disagree. Students
received questionnaires on July 17, 2017. Of the questionnaires returned, 238 of 246
were valid.

6.3 Analysis Procedure

In this study, data analysis software of Statistical Package for the Social Sciences was
used to analyze the data. The analysis procedure is as follows: (1) To ensure the effec-
tiveness of the CTD scale, the authors performed factor analysis based on the data. (2)
Descriptive statistics was used to analyze students’ course evaluations. (3) Correlation
analysis was used to analyze the relation between inquiry-mind objectiveness and activ-
ities of CTD. (4) One-Way Analysis of Variance was used to analyze the differences of
inquiry-mind and objectiveness in the participation scale of activities relative with LMS.

In One-way Analysis of Variance, three groups were divided as in the following
procedure: Firstly, the authors calculated a median score of 4 in LMS activities. Sec-
ondly, the authors divided the scores into two groups using median value. The authors
divided the class into smaller groups because the class consisted of 238 students. The
authors divided students into two additional groups. Few students selected “Disagree”
and “Strongly disagree”. The numbers of the low group (0–3.99), the middle group
(4–4.49) and the high group (4.5–5) were 60, 85, and 93 students respectively.

7 Result and Discussion

7.1 Students’ Evaluation for Development in an Inquiry-Mind and Objectiveness

After analysis of the questionnaire that students completed at the end of the course,
the authors found that students positively evaluated their development of inquiry-mind
and objectiveness (Fig. 2). The results related to inquiry-mind were as follows: (1) 88%
of the students agreed that they “learned many things through communication with
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different people in the course”, 9% chose neither agree nor disagree, and 3% selected
disagreed. (2) 87% of the students agreed that they were interested in the opinions that
differ from theirs, 10% chose neither agree nor disagree, 4% disagreed. (3) 83% of the
students agreed that they were “interested in discussing topics with different people in
the course”, 9% chose neither agree nor disagree, 3% disagreed. This data showed that
more than 80% of students agreed that Media Expression fostered their inquiry-mind in
the course.
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Fig. 2. Students’ evaluation after the course

The results related to objectiveness were as follows: (1) Regarding the item “I tried
to think of things not only based on one or two perspectives but as much as possible, I
thought of many different angles”, 81% of the students agreed, 16% chose neither agree
nor disagree, 4% answered in disagreement. The data confirms that most students agreed
that they tried to think about media from different perspectives. (2) 89% of the students
stated that they listened carefully to what others said even if they disagreed with other
students’ opinions in the course, 9% chose neither agree nor disagree, 3% disagreed.
The data showed that students tried to understand and consider opposing opinions in the
course. (3) 61% of the students said they reflected on whether they had unconscious bias
in the course, 26% chose neither agree nor disagree, 12% disagreed. Thus showing that
61% of students tried to reflect on their unconscious bias. This result was unexpected.
The authors predicted that students would reflect on their conscious bias as they did
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when they wrote their thoughts on LMS and recognized different opinions as a result of
participating in the three types of activities. The authors had assumed that some students
would reflect on their unconscious bias.

7.2 Correlation Between Activities and Inquiry-Mind and Objectiveness of CTD

Table 2 shows the relationship between the activities and inquiry-mind and objective-
ness. Inquiry-mind and objectiveness is based on the average value in three items in
questionnaire.

Table 2. Relations between CLD and activities

Inquiry-mind Objectiveness

Pearson’s
correlation

Significance Pearson’s
correlation

Significance

Thinking
activities
in
classroom

I said my opinions clearly
in the classroom

.062 .342 .253*** .000

I noticed new ideas in
group work in the
classroom

.493*** .000 .341*** .000

I was surprised many times
in the classroom

.478*** .000 .278*** .000

I compared my opinion
with other students’
opinions shown on the
screen in the classroom

.416*** .000 .350*** .000

I wrote my opinions
clearly on the LMS after
the lessons

.339*** .000 .360*** .000

Discussion
on LMS

I noticed the difference
between myself and other
students through the
commemts on the LMS

.510*** .000 .416*** .000

Reflection
activities
in the next
lesson

I used the ideas of other
students in my opinions
when I wrote comments on
LMS

.289** .000 .221** .001

I reflected on my thoughts
and behaviors when I read
opinions from LMS during
the feedback time

.360*** .000 .421*** .000

*p < .05 **p < .01 ***p < .001 (two-tailed)

From the table, inquiry-mind correlates significantly with seven activities. The think-
ing activities in the classroom, such as “noticing new ideas in group work” (r = 0.493,
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p < 0.001), “being surprised many times in the classroom” (r = 0.478, p < 0.001), and
“comparing the opinions between my opinions and other students’ opinion shown on
screen” (r = 0.416, p < 0.001) had significant correlation.

Furthermore, activities about discussion on LMS also correlated significantly. Par-
ticularly, the correlation between inquiry-mind and “noticing the difference between my
and other students’ comments on LMS” (r = 0.510, p < 0.001) was strongest among
eight items. In addition, reflection activities, in the next lesson, had significant correla-
tion with inquiry-mind (r= 0.360, p< 0.001). These results of seven items showed that
the activities encouraged the cultivation of an inquiry-mind.

Students needed to acquire new information before they could make conclusions [1–
3]. Students obtained new information about how and why information was transmitted
in the media, in the classroom, through group work and by observing student opinions
displayed on a screen at the front of the room. According to Piaget [18], surprising expe-
riences triggered students to avoid a quick judgement before they found new information
to inspect. Students with surprising experiences also think of what the media reports in
the news and how media intentionally represents images in society.

The interactive comments posted on LMS continued to allow students to find new
perspectives based on feedback from other students. These interactive comments moti-
vated them to reconsider whether their opinions were correct or suitable, and whether
there were alternative perspectives. Since students could browse freely through many
opinions and comments on LMS, the authors conjectured that different and opposite
opinions increased depending on the students’ access to LMS. Since students couldn’t
read all online comments, the typical opinions, chosen by the lecturer and shown at the
next lesson, assisted students in gaining new perspectives.

Expressing opinions clearly in the classroom had no significant relationship with
inquiry-mind (r = 0.062, ns). This may indicate the limitations of promoting student
from inquiring about new ideas in a lecture hall. Culturally Japanese students prefer not
to oppose or state differing ideas [3, 4]. Therefore, they may feel pressured when asked
to state their opinions clearly.

All activities related positively with students’ objectiveness. Particularly, the items
“I reflected my thoughts and behaviors when I read the opinions picked from LMS
during the feedback time” related to objectiveness was the highest among eight items (r
= 0.421, p< 0.001). The items, “I noticed the difference between my opinion and other
students’ opinions through the comments on LMS”, was also the second highest item
related to objectiveness (r = 0.416, p < 0.001).

Communication with people who think about things from different perspectives
could improve objectiveness [1–3]. In this case, more than 200 students stated their
opinions about media issues and exchanged comments with each other on LMS. Thus,
many different opinions were presented on LMS. Students, who read other students’
opinions and wrote comments, realized multiple perspectives on the same issues. Thus,
their objectiveness could be cultivated in an online environment. As Bankingham and
Kolb indicated, students reflecting on their process of analysis was important in allowing
them to judge their conclusions objectively [2, 16]. The reflecting activities, when the
lecturer posted typical opinions during the feedback portion in the next lesson, helped
students reflect deeply and with greater perspective.
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7.3 Difference of Inquiry-Mind and Objectiveness in the Participation
of Activities

Table 3 and 4 contains the results of differences of inquiry-mind and objectiveness in the
low, middle and high groups of LMS activities. The average value of participation scale
of discussion onLMS and reflection activities in the next lessonwas 3.99. By the analysis
of variance, there were significant differences of inquiry-mind and objectiveness in low,
middle and high groups of LMS activities (Table 3, 4). Inquiry-mind was F (2, 235) =
28.05, p < 0.001. Objectiveness was F (2, 235) = 31.26, p < 0.001.

Table 3. ANOVA for Inquiry-mind

Sum of squares df Mean square F Sig.

Between
Groups

17.68 2 8.84 28.05 0.000

Within
Groups

74.07 235 0.32

Total 91.75 237

Table 4. ANOVA for Objectiveness

Sum of squares df Mean square F Sig.

Between
Groups

17.62 2 8.81 31.26 0.000

Within
Groups

66.23 235 0.28

Total 83.85 237

A Tukey Multiple Comparison Test was necessary to determine group differences
after significant differences in scores were revealed. Table 5 illustrates the data between
group comparisons at low, middle and high groups of LMS activities. The average of
inquiry-mind in the low group was 3.91(SD = 0.71), middle group was 4.25 (SD =
0.45) and high group was 4.60 (SD = 0.42). Inquiry-mind between the low and middle
groups (I-J = −0.34, p < 0.001), middle and high groups (I-J = −0.35, p < 0.01), low
and high groups ((I-J = -0.69, p < 0.001) had significant differences.

The average of objectiveness in low group was 3.72(SD = 0.55), middle group was
4.04 (SD= 0.56) and high group was 4.40 (SD= 0.45). Objectiveness between the low
and middle groups (I-J = −0.31, p < 0.001), middle and high groups (I-J = −0.37, p
< 0.001), low and high groups ((I-J = −0.69, p < 0.001) has significant differences.

These results above showed that inquiry-mind and objectiveness had significant dif-
ferences between the low and middle groups, middle and high groups, and low and high
groups. These results indicated that the participation scale of LMS activities affected the
strength of inquiry-mind and objectiveness. The more student engaged in activities, the
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Table 5. Tukey HSD - CTD between groups

greater their CTD increased. The engagement of discussion online often depended on
the individual and it was easy to have different participation levels [19]. In this course,
the engagement time and the levels of effort to make inquiries about new information
and make objective conclusions depended on the individual student. Furthermore, stu-
dent participation varied when the lecture introduced typical opinions from LMS in the
reflection activities in the next lesson. The data indicated that students participated better
in the activities related to LMS, and their inquiry-mind and objectiveness were higher.

8 Discussion

Analysis of the data found (1) students positively evaluated thatMedia Expression course
fostered their inquiry-mind and objectiveness; (2) participating in seven activities sig-
nificantly affected students’ inquiry-mind and objectiveness, but stating opinions in the
big hall only affected students’ objectiveness; (3) there were differences in inquiry-mind
and objectiveness in the participation scale of LMS activities.

Kusumi et al. found that objectiveness improved but inquiry-mind did notwhen activ-
ities were designed in the classroom [20]. In contrast, this study showed that activity
design cultivated Japanese students’ inquiry-mind and objectiveness. The authors con-
sidered that there was a cycle of thinking activities in classroom, discussion on LMS,
and reflection activities in the next lesson in Media Expression course (Fig. 3).

The activities, including writing their opinions about media, commenting on other
students’ posts, noticing new opinions then discussing, occurred on LMS. Students could
express their opinions freely without worry, anxiety or embarrassment. Thus, a culture
developed that promoted free expression of opinions online. Next, reflection activities
at the next lesson linked their online discussions with the traditional classroom. During
this activity the lecturer facilitate the introduction and discussion of typical opinions.
These designs were helpful to form a culture that questioned information. Next, the
process involved group work, analyzing activities in the lecture hall. Classroom culture
was created through different activities during various periods in the semester [5–7].
Thus, a critical culture formed in the course.

AsOgihara andMochizuki indicated, Japanese students were embarrassed to present
their difference or state opposite opinions in the classroom [4]. In a critical culture,
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Fig. 3. The cycle of forming critical culture

students could more easily read about, listen to and accept different viewpoints since
expressing differences became the norm and sameness was uncommon. This critical
culture countered Japanese culture that values being the same. Students felt safe and
comfortable to externalize their thoughts in this environment.

9 Conclusions, Implication and Future Perspective

This study examined the design of activities in a blended learning environment that
cultivated inquiry-mind and objectiveness in the disposition of students. Results showed
that students highly rated their analyzing media with their development of inquiry-mind
and objectiveness. There were significant differences of inquiry-mind and objectiveness
in the low, middle and high groups of participation scale of LMS activities. The cycle of
thinking activities in classroom, discussion on LMS, and reflection activities in the next
lesson promoted the critical culture forming in the course.

As Ogihara and Mochizuki indicated, as in Japan, other Asian countries have a
collective culture where it is difficult to state differing or opposing opinions to teachers
[4]. This study identified that the inquiry-mind and objectiveness of Japanese university
students could be fostered through forming a critical culture in the course. This activity
design may also bring classroom cultural change that will cultivate students’ CTD in
media literacy courses in other Asian countries.

This study only focused on students’ evaluation after they completed the course.
Therefore, this study did not examine students’ inquiry-mind and objectiveness of
CTD through a comparison of pretest and posttest. Future studies can examine whether
inquiry-mind and objectiveness improved through a pretest and posttest in a semester.
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Abstract. Grammar seems to be the backbone of any foreign language learning,
including English as a foreign language (EFL). Currently, the most common app-
roach to teaching EFL, especially at a university level, appears to be a blended
learning approach, which is a combination of traditional, face-to-face teaching
and online learning. The purpose of this study is to evaluate the effectiveness of
the use of the blended learning approach to teaching and learning selected gram-
mar structures in a university Course of Practical English Language. The blended
learning approach in this study reflects the use of traditional, face-to-face teaching
and mobile learning, more specifically, the use of a mobile application, outside the
classroom settings. The research methods of this article include a literature review
of available studies on the research topic and statistical methods of the analysis
and evaluation of the results of students’ pre- and post-tests, which focused on
the selected grammar structures. The findings of both literature review and the
statistical analysis indicate that the blended learning approach contributes to the
effectiveness of student’s learning of the selected grammar structures since the
results confirm that the success of teaching and learning depends on a variety of
methods used.

Keywords: Blended learning ·Mobile application · English · Grammar ·
Learning · Effectiveness

1 Introduction

Together with vocabulary, grammar represents a significant foundation of learning
English as a foreign language (EFL). Grammar as part of linguistic competence,
inevitably connected with language accuracy, is one of the pillars of communicative
competence [1, 2]. In fact, grammar is the structural foundation of person’s ability to
express herself/himself [3]. Knowing the grammar structures helps a person with the
form, meaning, and the use of language [4]. As Chomsky [5] states, grammar is a set of
finite rules which, if learnt and mastered, can generate an infinite set of sentences. The
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knowledge of grammar is a prerequisite of effective communication. If one makes gram-
mar mistakes in a conversation, it may lead to misunderstanding and disagreement [6].
Thus, grammar seems to be the backbone of learning any foreign language, including
EFL. At present, teaching grammar is a bit underestimated since the emphasis is put on a
communicative approach, whose objective is to make people communicate successfully
in the target language, regardless of grammar mistakes. However, as it has been stated
above, without a good command of grammar structures, meaning cannot be properly
conveyed [7]. Therefore, teachers have to focus on teaching grammar structures and
stimulate their learners to study them. There are different approaches to teaching gram-
mar. The most typical is a traditional translation method to teaching grammar, which
most of the students find boring. However, with the emergence of modern technolo-
gies, there are other opportunities how to make learners motivated to study the grammar
structures.

Currently, the most common approach to teaching EFL, especially at a university
level, appears to be the blended learning approach [8–13]. Frydrychova Klimova [14]
sees blended learning as a combination of traditional, face-to-face teaching and online
learning. In thismode, the online component is practiced outside the face-to-face classes,
which enables the integration of traditional learning with innovative methods of learning
in order to create an effective learning environment aiming to enrich learning experience
[15]. As the findings of several research studies [16, 17] indicate, the blended learning
approach has a positive impactwhen learningEFLgrammar. The results of these research
studies show that the experimental groups, using the blended learning approach, achieved
better results in the grammar post-test in comparison with the control groups, taught
by conventional methods. In addition, students in the experimental groups were more
satisfied and motivated to learn the EFL grammar.

More recently, thanks to the rapid development of mobile assisted language learning
(MALL) [18], mobile applications (apps) have become an integral part of the blended
learning approach [19]. After themobile apps used for assessing and learning vocabulary,
grammar learning mobile apps seem to be the second most exploited mobile apps used
in EFL learning [20].

The purpose of this study is to evaluate the effectiveness of the use of the blended
learning approach to teaching and learning selected grammar structures in a university
Course of Practical English Language.

2 Materials and Methods

2.1 Participants

Altogether 29 students attended the Course of Practical English Language in their third
year of study of Management of Travel and Tourism at the Faculty of Informatics and
Management of the University of Hradec Kralove, Czech Republic. They were all full-
time students. Their level of English according to the Common Reference Framework
for Languages (CERF) was B2-C1 [21]. The course lasted for 13 weeks, from the last
week in September till the third week in December 2019. The face-to-face classes were
held regularly for 90 min every Tuesday.
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Although the course is aimed at developing and practicing all four language skills (i.e.
speaking, writing, listening, and reading), some lessons focus on the selected grammar
structures, which still seem to be slightly difficult even for the advanced students of
English. These grammar structures include the use of tenses, modal verbs, conditional
sentences, and wish clauses.

2.2 Study Design and Hypothesis

The blended learning approach consisted of the face-to-face classes, as it has been
described above, and the use of mobile application Anglictina TODAY, which is used
both for learning and practicing new EFL vocabulary, as well as practicing grammar
structures. The app is available both for the Android operating system and iOS and was
developed on the basis of students’ needs analysis, as far as EFL grammar learning is
concerned. Students were notified at least twice a week to study the relevant section of
grammar structures. Figure 1 below demonstrates the mobile app screen with the menu.

Fig. 1. Student’s menu on the mobile app screen.

Figure 2 then illustrates one of the grammar structures on practicing modal verbs,
which students have to fill in. As one can see, the practicing of grammar is not based on
the traditional translation grammar method, but on the contrary, students have to deduce
and understand the meaning of the sentence, which is provided in a short context. On
the basis of their knowledge of grammar rules and their understanding of the sentence
meaning, they have to fill in the right modal verb together with the given semantic verb.
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Fig. 2. Example of a grammar structure on modal verbs in the mobile app.

In addition, to the mobile app, students have access to the learning materials used at
school in an online Blackboard course (Fig. 3) [22].

Fig. 3. Online Blackboard Course on Practical English Language.

The methods also included statistical methods of the analysis and evaluation of the
results of students’ pre- and post-tests focused on the selected grammar structures. The
pass mark for the fulfillment of both tests was 50%, i.e., 40 points. The authors set the
following hypothesis:

H: The blended learning approach contributes to the effectiveness of student’s
learning of the selected grammar structures.
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3 Results

In the statistical analysis of the impact of the use of the blended learning approach on
students’ learningof the selectedgrammar structures, a sample of 25 students participated
in the pre grammar test at the beginning of the semester and a sample of 28 students took
the post grammar test at the end of the semester 2019. The reason for the uneven number
of students was that at the beginning of the semester four students still were abroad on
their study stays and the same was true for one student at the end of the semester. The
following calculations were made using the IBM SPSS Statistics 25 software.

Important is the difference between pre- and post-education knowledge for one and
the same group of students. The cumulative data obtained from both tests obtained before
and after the training block are summarized in Table 1 in the second and third columns
(test_before/pre-test, test_after/post-test). The fourth column of the same table shows
the data calculated (difference A-B) from the second and third columns. The missing
data is indicated by the value “99”.

Table 1. Number of students and results from the pre-test and post-test and their difference.

No_student pre_test post_test post_minus_pre

[B] [A] [A-B]

1 6 17 11

2 7 20 13

3 7 23 16

4 7 24 17

5 10 25 15

6 11 28 17

7 11 29 18

8 13 32 19

9 16 35 19

10 17 38 21

11 19 38 19

12 19 39 20

13 20 41 21

14 20 41 21

15 20 41 21

16 21 42 21

17 22 42 20

(continued)
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Table 1. (continued)

No_student pre_test post_test post_minus_pre

[B] [A] [A-B]

18 22 43 21

19 23 44 21

20 23 44 21

21 24 45 21

22 25 45 20

23 28 46 18

24 31 46 15

25 35 47 12

26 99 47 99

27 99 48 99

28 99 49 99

Assuming the normality of the difference data (A-B), a paired t-test can be used for
this situation. Based on the normality test performed, according to the recommendations
for small groups, the Shapiro-Wilk test is used (Table 2 below).

Table 2. Test of normality.

Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

post_minus_pre 0,192 25 0,018 83,40% 25 0,001

a. Lilliefors Significance Correction

According to the Saphiro-Wilk test (Sig < 0.05), i.e. the distribution of the “pre-
and post” test difference differs significantly from the normal distribution and therefore
the presumption of normality is not met. For this reason, the non-parametric Wilcoxon
Signed Rank Test method is used (Table 3). As the findings in Table 3 reveal, the mean
score in the pre-test was 18 points, while in the post test, it was two times higher.

Table 3. Descriptive statistics of the results from the pre-test and post-test.

N Mean Std. deviation Minimum Maximum Percentiles

25th

post_test 28 37,82 9,322 17 49 29,75

pre_test 25 18,28 7,76 6 35 11
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Table 4 below shows that 25 students had a higher level of knowledge in the post-test
than in the pre-test.

Table 4. Wilcoxon Signed Ranks Test.

N Mean rank Sum of ranks

pre_test-post_test Negative ranks 25a 13 325

Positive ranks 0b 0 0

Ties 0c

Total 25

a) B < A b) B > A c) B = A

This result is statistically significant with respect to the results shown in Table 5, see
p-value. Asymp. Sig. (2-tailed) 0.000< 0.05, i.e. it is a statistically significant difference
in score in the “post” test and “pre” test at a significance level of 0.05), i.e. it is not a
random result.

Table 5. Wilcoxon Signed Rank Test – test statistics.

pre_test-post_test

Z −4,399b

Asymp. Sig. (2-tailed) 0,000

b. Based on positive ranks.

4 Discussion

The results described above show that the set hypothesis was confirmed. The blended
learning approach contributes to the effectiveness of student’s learning of the selected
grammar structures. Although there was no control group, the variety of the used meth-
ods: traditional teaching, the mobile app, as well as the use of the materials in the online
blackboard course prove a significant improvement of students’ achievement results.
The effectiveness of the blended learning approach was thus manifested in the fact that
students succeeded in passing the final post-test significantly better. In addition, they
felt that they had improved their language skills. Therefore, the blended learning app-
roach was effective because students not only performed well and thus were able to
construct new knowledge, but they were also motivated to study on their own. As Kintu
et al. [23] point out, the effectiveness of blended learning is influenced by design fea-
tures of blended learning, e.g. technology quality, interactions, LMS tools and resources
and face-to-face support, as well as by learner characteristics, such as self-regulation,
attitude, computer competence, age, or social support.
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The findings of this study also reveal that there are certain benefits, which enrich
student’s learning environment thanks to the use of additional, supporting component of
the blended learning approach, i.e. the mobile app. These are as follows:

• accessibility of learning materials at anytime, anywhere, and on one’s own pace;
• easiness of the use of mobile app;
• further deepening and retention of student’s knowledge of a particular language aspect
thanks to the interactivity of the mobile app;

• almost instant corrective feedback on the mobile app tasks;
• use of formative assessment;
• development of student’s autonomous study; or
• stimulation for student’s study.

The findings of this study are in line with the findings of other research studies [16,
17, 19], which consider blended learning as an effective approach to the enhancement of
student’s grammar. In addition, mobile learning itself seems to have a positive impact on
learning EFL grammar. For instance, Laban [24] reports that students in his experimental
group using mobile apps achieved statistically better results than those in the control
group being exposed to the traditional teaching methods. Similarly, Wang and Smith
[25] claim that mobile learning is effective in improving students’ grammar ability.

Furthermore, research shows that the implementation of formative assessment, i.e.
continuous assessment, in a blended learning environment may improve the learning
quality [26], as well as it may have a significant effect on higher academic achievement
levels [27, 28]. This was evidenced by the results from the post-tests in this study since
students achieved twice as higher scores than in the pre-tests.

The limitations of this article consist in a small sample of the respondents and a
lack of the control group. However, the results comply with the findings of the research
studies stated above.

5 Conclusion

The results of this study confirm that the success of teaching and learning depends on a
variety of methods used. According to Khan [29], a valuable learning process is created
by employing various learning methods, tools and techniques. In this sense, the blended
learning approach appears to be a relevant solution since it combines a traditional,
classroom way of teaching and an additional component, such as mobile learning.

Nevertheless, it is the teacher who is responsible for the implementation of the most
relevant teaching and learning approaches/methods in order to generate higher learning
outcomes.

Acknowledgments. This study is supported by the SPEV project 2020, run at the Faculty of
Informatics and Management, University of Hradec Kralove, Czech Republic.
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Abstract. Classroom discourse can affect various aspects of student learning. To
provide better learning experience in distance learning, the present study exam-
ines interactions between classroom discourse based on IRF-discourse and related
behavioral engagement of students in front, middle and rear seating locations in
synchronous online classrooms. We observed 24 third-grade music classrooms
using the behavioral engagement scale. Results from these observations indicate
that classroom with more discourse interactions, specifically teacher’s elicitation
for student responses may result in increased students’ behavioral engagement.
The study also revealed significant differences in behavioral engagement of stu-
dents from different seating location. Moreover, the results showed that positive
behaviors dominated students’ classroom activities, but students demonstrated
more teacher-prompted behaviors rather than self-initiated behaviors.

Keywords: Classroom discourse · Behavioral engagement · Interaction ·
Seating location · Synchronous online learning

1 Introduction

Educators have responsibilities to take active and effective measures to ensure educa-
tional equity for rural children to offer them an opportunity to change the current life and
achieve upward mobility. The integration of technology into all walks of life has also
brought profound changes to the field of education, with information and communication
technologies (ICTs) being one of the most feasible driving forces to achieve education
equality. Distance learning has enabled more advanced schools in city district to extend
learning opportunities to students who are otherwise unable to benefit from them due to
time and location constraints [1]. Under the concept of technology-assisted education,
we explored the synchronous online classrooms to promote rural revitalization. In the
synchronous online classrooms, teachers in urban schools are selected as main instruc-
tors, while teachers in rural small schools play the role of assistant to help organize the
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process of learning. The synchronous online classrooms emphasize that online teachers
and students can interact in real time via ICTs such as online streaming service and is
considered promising to revitalize rural education.

Student engagement is an important indicator to measure the time and effort of stu-
dents’ learning and has been widely investigated. Researchers have reported a positive
association between student engagement and academic achievement [2–4]. As suggested
by the literature, student engagement at school is influenced by various factors concern-
ing individual, family and school environment. The current literature largely focused
on the effect of the school environment, because school is where student engagement
actual occurs. Behavioral engagement, as a key dimension of engagement, is an intuitive
external manifestation of emotional and cognitive engagement more or less [5], and
thus is a key construct of the present study. Supportive teacher-student relationship is a
critical aspect of the interpersonal dynamic in schools [6]. Research has indeed shown
that Supportive teacher-student relationships play an important role in shaping behav-
ioral engagement [7]. Prior research has argued that teacher goal-oriented instructional
practices and public performance feedback affect behavioral engagement [8]. Academic
staff explored factors that affect behavioral engagement focused on teacher-student inter-
action. Due to the specificity of classroom environment, technical conditions, and the
teacher-student relationship, interaction in synchronous online classrooms varies from
that in traditional classrooms, featured by different types of discourse interaction. How-
ever, previous research has seldom investigated the effectiveness of different discourse
interaction pattern in supporting students’ behavioral engagement in the online set-
tings [9]. Mehan suggested that instructional discourse in the classroom focusing on
initiation-response-feedback (IRF) exchanges [10], which is identified the most com-
mon sequence in classroom speech events [11, 12]. Therefore, it is feasible to explore the
effect of teacher-student discourse interaction based on IRF-discourse. Additionally, we
also examined the impact of the seating location on students’ behavioral engagement,
as it is known to have an impact on classroom discourse and behavioral engagement.

In sum, informed by the IRF-discourse analysis framework, this study examined the
effect of classroom discourse on the behavioral engagement of students in front, middle
and rear seating in synchronous online classrooms. Specifically, we seek to answer the
following questions:

1. What types of discourse interaction and students’ behavioral engagement mainly
occur in synchronous online classrooms?

2. What is the relationship among students’ behavioral engagement, discourse interac-
tion pattern, and seating location?

2 Literature Review of Key Concepts

Fredricks summarized behavioral engagement into three categories: initiation, no vio-
lations or destructive behaviors, and performance in learning or academic tasks such as
hard work, persistence, concentration, questioning [13]. Specifically, researchers argued
that behavioral engagement includes seven behaviors: involvement, persistence, help-
lessness, participation in discussion, and concentration [14]. The learning engagement
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subscales compiled by Lan assessed active participation, concentration, and persistence
as key elements of behavioral engagement [15]. As a result, behavioral engagement
investigated in this study included five aspects: involvement, persistence, concentration,
interaction, initiation, as synthesized from previous works in the literature. Since behav-
ioral engagement is believed to predict student achievement and success in school, the
role of interaction in facilitating engagement continues to be a primary focus. Compared
with other forms of interaction, teachers’ use of classroom discourse is more likely to
attract attention by students in synchronous online classrooms.

Discourse has been defined as an interplay between “word, acts, values, beliefs,
attitudes, and social identities” [9], which contribute jointly to sense-making and con-
struction of meaning within a group of individuals in a specific setting. Researchers have
noted the potential of teacher-student dialogue to scaffold student cognition and lessen
the cognitive load created within the inquiry environment. Teachers’ initial questioning
and follow-up strategies can serve as scaffolding to support students’ construction of
conceptual understandings of science concepts [16]. As the study of classroom discourse
progressed, Mehan showed that instructional discourse in the classroom was featured
by initiation-response-feedback exchanges, which consisted of three moves: initiation
move (I) – traditionally in the form of a teacher question, a response move (R) – during
which a student answers the question, and a follow-up move (F) – referring to the feed-
back usually given by the teacher to the student’s response [10–12]. Previous research
has clearly showed that instances of substantive student participation are often driven by
the nature of teacher questions during question and answer sessions [17]. Early research
investigated the relationship between dialogic instruction and student engagementwithin
classrooms, and concluded that evaluative discourse may affect the distribution of stu-
dent engagement [18]. According to self-determination theory, students who receive
motivational support such as teacher discourse that respond to students’ progress and
accomplishmentsmay facilitate approach behaviors occur. However, much fewer studies
investigated how students’ behavioral engagement were affected by different discourse
pattern. In addition, we include indicators of teacher guidance move after observation
and analysis of the synchronous online classroom. The language of teacher guidance
is an essential part of classroom discourse, and plays an irreplaceable role in impart-
ing knowledge and guiding students’ learning especially for elementary school. Hence,
the discourse interaction between teachers and students based on IRF-discourse can be
observed by the following constructs: teacher guidance move, teacher initiation move,
teacher follow-up move, student follow-up move, and student response move.

In addition to investigating behavioral engagement in face-to-face classrooms, it is
important to understand how classroomdiscourse pattern that, through discourse interac-
tion between teachers and students, contribute to students’ active behavioral engagement
in distance education environments. Simultaneously, showing students’ behaviors in five
aspects concretely is dispensable in this study. These issues have been studied and are
relatively well understood in face-to-face learning environments. However, opinions on
the role of discourse interaction on learners’ engagement in web-casting classrooms
vary greatly. Synchronous online classrooms emphasize timely pedagogical practice of
knowledge transmission and feedback between different regions. It is necessary to pay
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more attention the acceleration of classroom discourse form urban teachers for left-
behind children growing up in poor-education rural areas abandoned by the rapidly
developing economy. Regarding effects of seating location on student participation, pre-
vious studies have found that students in front rows showed greater participation than
students sitting in the rear rows [19]. However, such finding was found in the traditional
classroom setting, it is worthwhile to determine if the finding is transferrable to much
smaller classrooms in distance learning environment, as commonly seen in the rural
small schools in China.

3 Method

3.1 Participants

324 students led by twomale third-grademusic teachers participated in the study, includ-
ing 150 female and 174 male students. Student socioeconomic status, as determined by
parents’ level of education and occupation, is in general at the lower end of China’s
social hierarchies, and nearly a third of them were left-behind children whose parents
were not around for most of the year. “Study changes destiny” is a firmly held belief for
youth growing up in high-poverty rural areas.

3.2 Procedures

HubeiCollaborative InnovationCenter is anorganization aiming formeeting the shortage
of Music and Art courses in rural small schools featured by their incomplete grade setup
(usually from grade 1 to grade 3) through synchronous online classrooms. Weekly,
collaborative lesson preparation is organized, which ensures that learning activities can
be carried out around the same topics and objectives. Considering senior students present
more stable performance and have more learning experience with synchronous online
classrooms that adapting to the changes that technology brought to the classroom, the
research tookmore attentionon the grade3.After observing the classroom,we focusedon
themusic class. Becausemusic class showedmore discourse interaction, compared to art
class that required longer time for students to paint independently. To enhance the internal
validity of the research design, two male third-grade music teachers were purposefully
selected for investigation. The teachers were roughly equivalent in teaching experience,
teaching style, professional credentials. Accordingly, 24 classrooms be selected.

We conducted a week-long video-recorded the selected classrooms’ music class.
Recorded video of synchronous online classrooms’ learning context can be seen in Fig. 1.
According to videos, we clustered classrooms based on five discourse moves identified
in this study to get a classification of discourse interaction pattern. Considered the impact
of seating location on behavioral engagement, this study divided the classroom space
into three areas based on students’ seat: front, middle, and rear due to the arrangement
of chairs in straight rows. Each area contains 5 to 10 students. Hence, in addition to
distinguishing student’s behaviors in different discourse interaction patterns, it is more
critical that we recorded students’ behavior by area. Before coding the behaviors of the
target students in 24 classes, two observers read related observation protocol carefully
to ensure the accuracy and reliability of the observation.
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Fig. 1. Context of synchronous online classrooms

3.3 Instrumentation

Weused an observation protocol developed by use to capture the types and time sequence
of teacher-student discourse. The observation protocol focused on five discourse moves:
initiation move, including teacher’s promoting replies, repeating elicitations, and sim-
plifying elicitations; response move, such as student voluntarily answer questions or is
answered by name; teacher follow-up move, including attention, support, iteration, and
evaluation for student [20]; guidance move, such as the languages of imparting knowl-
edge and guiding students to open the book, look up, thinking; and student follow-up
move, such as feedback on teacher guidance in language, action, and emotion. As for
students’ behavioral engagement, in the present inquiry, we examined its quality by using
observational techniques. Behavior categories that were used to observe were depicted
in Table 1. Students’ behavioral engagement in synchronous online classrooms is further
classified into two aspects, that is, positive behavioral engagement and negative behav-
ioral engagement. It is important to note that this observation protocol does not attempt
to capture all indicators of behavioral engagement, only that the features it includes core
indicators of behavioral engagement in the synchronous online classrooms and meet the
definitional criteria specified in recent authoritative reviews of the concept.

Table 1. Behavior categories and corresponding description

Category Description

Positive Involvement Following teachers’ instructions, answering a question,
communicating with others

Initiation Raising hand, volunteer to sing or show

Effort Listening to teacher persistently, attempting to solve problems

Negative Inattentive Exhibiting trivial actions not related to learning

Disengaged Dreaming or working on contribution not related to learning

Giving up Disrupting a classmate or teacher with nonacademic issues, walking
around idle in class
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3.4 Data Collection

According to our observation, teacher-student discourse interaction between teacher
and student usually occurred during the middle session of an asynchronous class, since
teacher typically gave lectures in the beginning and at the end for preview and summary,
without talking to the students. So, during the period from the 6 to 30 min of videos,
each dialogue between teacher and student was recorded and analyzed according to the
principle of classification. Updated records when a new move of classroom discourse
occurs. For both moves of classroom discourse, data was reported as the percentage of
occurrences of the records out of the total number of records. Cluster analysis was con-
ducted to make 24 observed classrooms into similar sets, using the percentage of each
discourse move as the unit of analysis, to determine what types of discourse interaction
classrooms. Within the same time sampling, the behavioral engagement was measured
using a form of time-sampling technique, in which an observer recorded whether a
student exhibited a predetermined category of behavior during a 20 s interval. So, obser-
vation of each area consisted of 75 20-s intervals. Within each observation interval, the
consistent behavior exhibited by majority of students in the area was recorded as stu-
dents’ behavioral engagement during the 20 s in this area. Each aspect of behavioral
engagement was reported as the percentage of occurrences of the records out of the total
number of records.

4 Result

Below is the statistical analysis report in response to research questions. The following
calculations were made using the IBM SPSS Statistics version 23.

4.1 Classroom Discourse Classification Based on IRF

Through clustering, 2 groups became obvious, and we chose to stop at two clusters
instead, which were represented by Type 1 Classroom and Type 2 Classroom. Each
Classroom correspond specific phenotype: two classrooms’ discourse interactionmainly
include guidance-follow up interaction, but the frequency of initiation-response inter-
action in Type 1 Classroom was much higher than the frequency in Type 2 Classroom.
Therefore, we defined the Type 1 Classroom’ discourse interaction pattern as mainly
guidance-follow-up and initiation-response interactions, and Type 2 Classroom’ dis-
course interaction pattern was largely dominated by guidance-follow-up interactions.
Dendrograms for cluster analysis was shown as Fig. 2.

4.2 Discourse Interaction Effects

Table 2 summarized the descriptive statistics for the behavioral engagement in two types
of classrooms. The n in the table represented the number of classrooms of each type of
classroom contains. Students exhibited behaviors in specific categorywere presents asM
and SD. Values of M and SD indicated that behavioral engagement was more frequently
recorded as effort such as listening to the instructor and attempting to solve problems
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Fig. 2. Dendrogram for cluster analysis

raised by the instructor. Inevitably, inattentive and involvement behaviors were also
commonly seen in the students. However, students were found to exhibit few initiation
behaviors during the synchronous online learning process. Overall, positive behaviors
(i.e., involvement, initiation, and effort) dominated students’ behavioral engagement in
the two types of classrooms.However, students’ behavioral engagement in terms of effort
was more frequently seen in Type 1 Classroomwhen comparing with Type 2 Classroom.
It’s worth noting that students in Type 2 Classroom showed more initiation behaviors
than students in Type 1 Classroom, which can be attributed to learning autonomy was
stimulated under the fewer guidance of teachers.

Table 2. Means and standard deviations for different aspects of behavioral engagement in two
types of classrooms

Behavioral engagement Type 1 classroom Type 2 classroom Total

M SD n M SD n M SD n

Involvement 17.00 9.24 12 10.33 9.50 12 13.67 9.78 24

Initiation 7.55 7.44 12 12.43 6.84 12 9.99 7.42 24

Effort 53.62 14.25 12 44.49 13.95 12 49.05 14.55 24

Inattentive 15.56 13.66 12 19.57 14.00 12 17.57 13.69 24

Disengaged 2.34 3.25 12 11.00 10.45 12 6.67 8.76 24

Giving up 0.74 .88 12 2.95 5.26 12 1.84 3.86 24

One-way ANOVAs were conducted to examine the difference in positive behavioral
engagement between Type 1 and Type 2 of synchronous online classrooms. Assumption
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about normality and homogeneity of variance was examined prior to the analysis. No
serious violation of normality was spotted for the two types of classrooms. As showing
in Table 3, significant difference in positive behavioral engagement between the two
types of classrooms was found (F1, 23 = 5.631, p< .05), revealing that students in Type
1 Classroom (M = 81.65, SD = 15.29) showed more positive behavioral engagement
than Type 2 Classroom (M= 66.45, SD= 16.18), which might be the result of increased
student efforts in response to teachers’ questioning strategies.

Table 3. Positive behavioral engagement in two classrooms

M SD n p

Classroom Type 1 81.65 15.29 12 .027*

2 66.45 16.18 12

Note: * p< 0.05, **p< 0.01, ***p< 0.001, the
same below.

4.3 Seating Location Effects

Table 4 summarized the descriptive statistics for the behavioral engagement in each
aspect by seating location of front, middle, and rear area. The n in the table means the
number of areas, each of which consisted of 5 to 10 students. The result revealed that, for
all aspects of behavioral engagement, students in the front seats performed better than
those in the rear seats: Front-seating students exhibited more behavioral engagement in
terms of involvement, initiation, and effort, and exhibited less inattentive, disengaged,
and giving-up behaviors, when compared with rear-seating students. Interestingly, rear-
seating students also demonstrated greater variance in negative behavioral engagement,
suggesting seating in the back tend to have different influence on students attending
synchronous online classrooms.

Table 4. Means and standard deviations for the behavioral engagement in each aspect by seating
location

Behavioral engagement Front seating Middle seating Rear seating

M SD n M SD n M SD n

Involvement 13.94 9.83 24 13.50 9.12 24 10.31 7.70 15

Initiation 10.95 7.88 24 10.00 7.84 24 8.40 6.86 15

Effort 57.14 16.02 24 50.47 14.53 24 40.31 16.82 15

Inattentive 13.83 13.50 24 20.28 15.11 24 19.82 19.70 15

Disengaged 3.28 6.22 24 4.64 8.27 24 16.44 15.30 15

Giving up .95 2.82 24 1.36 2.83 24 4.71 8.87 15
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ANOVA results revealed significant difference in students’ positive behavioral
engagement among different seating locations in synchronous online classrooms (F2,60
= 7.278, p = 0.001). Average level of positive behavioral engagement of student seat in
the front, middle, and rear gradually decreased, corresponding toM= 82.14,M= 73.79,
and M = 59.02. The result was consistent with findings regarding traditional classroom
that students in front rows were usually more active and engaged in learning activities
than students sitting in rear rows. The behavioral engagement seemed to be negatively
correlated with the distance between student and projection screen, the further students
were away from the screen, the less likely they would demonstrate positive behavioral
engagement. Results are illustrated in Table 5.

Table 5. Positive behavioral engagement in different seating location

M SD n p

Seating location Front 82.14 17.21 24 .001***

Middle 73.97 16.62 24

Rear 59.02 22.69 15

To further explore the impact of seating location and classroom type on positive
behavioral engagement, we also examine the interaction effects of location by type and
included it in theANOVAmodel. However, the result did not show significant interaction
effect of the two variables (F2, 22 = 2.452, p = 0.727 ≥ 0.05). The lack of interaction
effect can be clearly seen in the profile plot in Fig. 3.

Fig. 3. Interaction effect of discourse interaction and seating location on behavioral engagement
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5 Discussion

The present study compared 324 students’ performance of behavioral engagement in two
types of classrooms based on discourse interaction classification: guidance-follow-up
plus initiation-response interactions and mainly guidance-follow-up interactions. Addi-
tionally, the impact of seating location on student behavioral engagement was also
investigated. Three major findings emerged in our analysis and are discussed in below.

First, significant difference was found in behavioral engagement between the two
types of classrooms based on discourse interaction classification. In terms of providing
guidance, teachers who asked more questions prompted students to elaborate more on
learned concepts in their responses, which is consistent with the literature showing the
importance of prompting questions [21, 22]. Questions could serve as cues to direct
student attention to important information otherwise might be neglected. Furthermore,
when classroom discourse is relatively sparse and the students’ enthusiasm is obvi-
ously reduced, teachers can help improve the problem by increasing their questioning
frequency and changing the way of discourse guidance [15]. In this study, teachers’
questions are mostly for all students, but rarely for individual students, which makes the
results of students’ behavioral engagement improved at the overall rather than individual
level of the class.

Second,most students followed instructor’s instructions in synchronous online class-
rooms, but few showed initiative behaviors inspired by intrinsic motivation. Teacher as
the main initiator of classroom discourse could influence the richness and liveliness of
dialogue to greater extent. One possible reason behind such phenomenon is the disin-
centive of teachers. Teachers who deliver knowledge through network are expected to
be proficient in their computer and internet skills and have high computer self-efficacy
[23]. However, workload, burnout, and emotional loss due to lack of face-to-face dia-
logue have received little attention. We believe this is one of potential reasons for the
clustering results of two types of classrooms based on discourse interaction classifica-
tion. More often teachers were found less motivated to engage in deeper-level of social
interactions with the distant students, resulting in a lack of initiation-response dialogical
interactions in synchronous online classrooms. When students in a class showed fewer
initiative behaviors, such as tapping and humming along with songs, it may be implic-
itly influence other students as well as the motivation of the teacher. Over time, students
gradually become less aware of active behavioral engagement. But too many questions
asked by teachers may affect students’ perception of autonomy, which in turn reduces
their initiation.

Third, the present study also found that students’ seat was significantly correlated
with their behavioral engagement. These results are consistent with our experiences
in K-12 education in China: students who are located in the front rows usually attain
better learning outcomes for having a greater teacher attention, compared to students
seating in the rear rows. Additionally, teachers were found to be more inclined to arrange
outstanding students in front seating, leading to increased gap in behavioral engagement
between high-performing and low-performing students. Moreover, the impact of peer
influencewas highlighted inmany studies, suggesting that young students are susceptible
to the environmental influence [24]. Therefore, a less-engaged student sitting in the front
rows might be motivated by other highly engaged students around them, and vice versa.
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6 Conclusion

In conclusion, the results of this study shed light on whether discourse interaction and
seating location can affect the behavioral engagement of students in asynchronous online
classrooms. The specific pattern of discourse interaction was found to be a significant
predictor for behavioral engagement, with more initiation-response interaction leading
to more positive behavioral engagement. Also, seating location is one of reasons affect-
ing behavioral engagement, yielding a negative correlation between the seating distance
and observed behavioral engagement in synchronous online classrooms. As a result,
two pedagogical implication can be drawn: If necessary, teachers in synchronous online
classrooms should use passionate and encouraging words to stimulate students’ enthusi-
asm for initiation engagement, and proper arrangement of seating is necessary to boost
the behavioral engagement of the whole class, by placing less-engaged students in the
front rows.

There are still some limitations in this study. Firstly, data was collected within a spe-
cific context and sample size can be further increased for internal and statistical validity.
In future research, we can utilize the findings to extend the scope of instructional contexts
to includemore content subjects and course settings (e.g., English, Art, and Science), and
thus expand understanding and strengthen the generalizability of the research findings.
Another limit is that, although behavioral engagement in this study can be objectively
measured and reflected internal psychological state of students, it was notmeant to reflect
students’ emotional and cognitive engagement comprehensively. Therefore, additional
research should explore the concept of engagement with measurement of emotional and
cognitive constructs.
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Abstract. Sentiments evolve over time driven by diverse interactions, especially
in blended learning contexts. However, there is scarce empirical research to inves-
tigate sentiment evolutions with respect to interactions in the longitudinal data of
blended learning. Therefore, by gathering the longitudinal data of five time peri-
ods from 38 postgraduate students, this study applied simulation investigation for
empirical social network analysis (SIENA) and lag sequential analysis (LSA) to
analyze sentiment evolutions with respect to interactions in blended learning con-
texts. As the knowledge constructions progressed in the blended learning context,
students tended to deep interactions and sentiments had the tendency of diversity.
Additionally, students experienced the confusion and insightful sentiments accom-
panied by the deep interactions. In the stable stage of interactions, students may
express positive and insightful sentiments along with the agreement interactions.
Most notably, although joking sentiments and social-emotion interactions occur
less than other types of sentiments and interactions, there is correlation between
them.

Keywords: Sentiment evolution · Dynamic interaction · Asynchronous
discussion-based blended learning · SIENA

1 Introduction

As a combination of face-to-face lectures and online activities, blended learning has
made learning more accessible in terms of flexibility and time constrains [1]. Enabled by
advanced technology, online supports in blended learning contexts can promote further
knowledge construction and learning performance [2], such as supplementary resources,
asynchronous discussion. Extensive studies have proven that online discussion could
engage students in their learning [2, 3]. In particular, as contended by many researchers
[4], asynchronous discussion through online forums is a promising channel to facilitate
students’ interactions in blended learning environments, e.g., social negotiation, knowl-
edge construction, sentiment engagements. Therefore, a demonstration of move from
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face-to-face to blended learning by adding online discussion shows the synergy between
blended learning and online discussion in terms of interactions.

Interaction is defined as the involvement of students’ engagement to accomplish
a certain learning assignment [5]. Recently, there has been considerable attention on
learning interactions to understand the process and outcomes of blended learning. Espe-
cially, large scale literature has suggested that online interactions are more effective
than face-to-face interactions for knowledge constructions. To deepen the understand-
ing of knowledge, it is important to integrate online interaction into the flow of classroom
instructions [6].Additionally, blended learning serves as a dynamic learning environment
for interactions. As such, in interaction process, a great body of studies have demon-
strated that sentiments embodied in interactions are viewed as the crucial to learning
process and knowledge construction. A dynamic perspective is especially useful for
understanding the importance of relations and networks. In this regard, the core issue
of blended learning is to identify the dynamics of interactions and sentiment evolutions
through the integration of online and offline.

In many studies, a great deal of efforts has been made to employ diverse analysis
methods for scrutinizing sentiments and interactions in blended learning contexts. To
analyze the interaction changes, social network analysis is a widely used to grasp the
network structure [7]. Due to the complicated dependence structures in network data,
analyzing social network dynamics is complex and requires sophisticated statistical
techniques. Longitudinal network data are typically collected as panel data, where the
relations between network actors are observed at two or more discrete time points [8].
However, still very few empirical studies have examined the process and changes of
sentiment evolutions by using a longitudinal data. In response to this concern, this
study aimed to investigate sentiment evolutions with respect to dynamic interactions
from longitudinal interaction statistics in online asynchronous discussion-based blended
learning contexts.

2 Literature Review

2.1 Blended Learning

Blended learning combines both online and face-to-face learning to create a cohesive
learning experience in shifting time and space. Recently, there is growing interest in
investigating the implementations blended learning. Diverse instructional models and
best practices of blended learning have been reported from simple use of computer or
online mediated technologies to full usages of them for a complete course. Blended
learning reduces the number of face-to-face lectures and make learning more accessible
[4].

As technology empowered, online supports are viewed as supplementary role of
face-to-face learning [3]. As contended by some researchers [9], online resource made
a transition from offline to online. Flipped classrooms, as a typical blended learning
method, gained attention as a new pedagogical method [9]. It employs asynchronous
video lectures and problem-solving practices as students’ homework with diverse group-
based activities in the classroom. These pedagogical approaches represent a combination
of instructional methods online and offline. However, some studies pointed out that
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online instruments might hinder deep learning due to less interactions. As a remedy,
online discussions are essential to high quality knowledge constructions [3]. As a similar
approach, online discussionwas investigated by designing learning activities [10]. These
results highlighted that online discussion might be an available avenue for large-scale
students to interact each other. Therefore, as a crucial tool to construct knowledge, online
discussions are worthwhile further investigations of interactions among students.

2.2 Interactions and Sentiments in Blended Learning Contexts

A body of studies have paid considerable attention to analyzing interactions in edu-
cational settings. Various interaction analysis frameworks were used in the studies. For
instance, focusing on the relationships, Kurucay and Inan [11] examined the interactions
among instructors, students, and learning contents in online learning contexts. Consider-
ing the knowledge constructions, Yang, Li and Xing [12] utilized the interaction analysis
model, which has been extensively used. The interaction analysis model included five
types of interactions. According to the framework for interactions and cognitive engage-
ment proposed by Wang, Chen and Anderson [13], these five types can be sorted from
surface to deep interaction.

Different levels of interactions have relations to sentiments. Sentiments have emerged
as a vital indicator of learning performance and cognitive processes in establishing
effective interactions [14]. Many studies have explored the effect of student on learning
sentiments in blended learning environments. Pham, Vo, Lindsay, Pashna, and Li [15]
make a comparison with sentiments between online and face-to-face settings. Their
results implied that to a great extent, sentiments reflect the learning attitude of students
during learning process while interacting with others. In blended learning contexts, a
variety of learning sentiments are embedded in discussions. In particular, some studies
have specifically identified the sentiments that occur in online learning environments.
Thus, it is worth exploring the sentiments experienced in online learning discussions.

Recent studies have tapped into sentiment classifications. Learning sentiments were
categorized into three dimensions: positive (e.g., enjoyment, hope), negative (e.g.,
anxiety, frustration, boredom) and neutral [16]. Based on the taxonomy [16], Zheng
and Huang [17] encompassed six-dimensional sentiments: positive, negative, neutral,
insightful, confused, and joking. By following the improved classification proposed
by Zheng and Huang [17], this study aimed to provide further insights into learning
sentiments.

Similar to the development of learning sentiments mentioned above, investigations
of relationships between sentiments and interactions have attracted much attention. For
example, the study conducted by Huang et al. [10], found different sentiments could
be evoked by different level of interactions. Their results suggested that confusion sen-
timent related to surface interactions (e.g., disagreement) and deep interactions (e.g.,
negotiation). Moreover, Kort, Reilly and Picard [18] explored that dynamic sentiments
might heavily impact the learning process and experience in blended learning contexts.
In this regard, this study intended to uncover how interactions was affected by dynamic
learning sentiments.
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2.3 Lag Sequential Analysis and Social Networks Analysis

To scrutinize the interaction network and sentiment change, a handful of scholars have
employed diverse methods. For instance, Hou, Wang, Lin and Chang [19] employed
content analysis and lag sequential analysis (LSA) to investigate interaction patterns in
problem-based online asynchronous discussions. Additionally, Lin, Duh, Li, Wang and
Tsai [20] used a combination of quantitative content analysis and lag sequential analysis
to explore the interaction patterns. LSAnot only takes into account the occurrence of each
learning interaction, but also demonstrates statistically significant sequence of learning
interaction [21]. As pointed out by Cabrera and Reiner [22], qualitative analysis is a way
to indirectly observe cognitive process. Quantitative analysis was conducted to obtain the
interaction patterns by statistics (e.g., frequencies) [23]. However, the above methods of
interaction patterns provided few insights into understanding how the network structure
and social relationships among learners might vary with interactions.

Due to the capacity to extract the network structure across the large volumes of
interactions among learners, SNA is perceived as a useful method for investigating
interaction patterns [24]. Considering the network among students’ interactions, most
of the studies examined students’ interaction patterns using social network analysis. By
using social network analysis,Duan,Xie,Hawk,Yu andWang [7] identified the relational
structure of learners in online contexts. Their results indicated that the effects of indirect
and direct interactions on knowledge constructions and social communications could
be revealed by some network properties (e.g., densities and structures). Although the
above SNA can characterize interaction network structure, the network evolution and
sentiment dynamics remains to be addressed in terms of longitudinal data.

Simulation investigation for empirical network analysis (SIENA), a relatively new
approach accounts for network dynamics. SIENA can gain insights into the changes of
the studied network by performing statistical estimation for repeated measures of empir-
ical networks (e.g., role) [25]. Zhang et al. [8] used SIENA to provide the estimates of
interaction networks and rates for evolution and sentiment variables. The estimates rep-
resent the average number of changes in interaction network. The interaction network
function consists of a combination of several parameters representing dynamic interac-
tions, as well as sentiment variables associated with dyadic and individual attributes.
However, scholars have not yet fully uncovered the interaction networks in blended
learning environments that contribute to sentiment evolutions. In this concern, this study
employed SIENA to investigate the sentiment evolutions with longitudinal interaction
networks through analyzing a longitudinal data.

3 Hypothesis

To summarize the preceding literature, students’ interactions may have a certain role in
sentiment evolutions in blended learning contexts. As such, the purpose of the current
study sought to probe the interaction network for sentiments evolutions. Additionally,
SIENA for blended learning course is conductive to capture the dynamics of sentiments.
Consequently, in terms of SIENA longitudinal data of blended learning, the following
hypotheses was formulated:
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Hypothesis 1 (H1)
Students with surface interactions (i1 “sharing/comparing information”, i2 “discovery
and exploration of dissonance”) tend to experience positive and neutral sentiments.

Hypothesis 2 (H2)
In the process of knowledge constructions, the level of interactions among studentswould
be positively related to the occurrence of negative, confusion, and insightful sentiments.

Hypothesis 3 (H3)
Confusion and insightful sentiments are more likely, with the deeper interactions (i3
“negotiation”, i4 “test and modification”, and i5 “agreement statement”) when students
construct knowledge.

Hypothesis 4 (H4)
Among the interaction process, students’ sentiments may take a diverse turn, gradually
give a rise to negative sentiments.

Hypothesis 5 (H5)
Joking sentiments are more likely if students discuss with i6 “social-emotion interac-
tions”.

4 Method

4.1 Participants

The sample included 38 postgraduate students (31 females and 7 males) attending the
blended course of “Fundamental Educational TechnologyTheoryCourse” in a university
in China. Students ranged in age from 22 to 31 years (Mean = 24.40). Due to curricular
arrangement, these participants who majored in educational technology had rich online
learning experiences during their 4-year undergraduate learning. Therefore, in blended
learning contexts, they can adapt to the shift from offline to online.

4.2 Blended Learning Contexts Based on Asynchronous Discussion

Before the blended course, all the participants had been trained to use the online asyn-
chronous discussion platform, namely “Liru Cloud Classroom” (http://moodle.scnu.
edu.cn). The platform allowed students to discuss without the constrains of time and
space. Comments and replies were posted for knowledge constructions via the asyn-
chronous discussion forum. Considering technical nature of the course, face-to-face
learning and online learning were combined. To foster the understanding of educational
technology, an instructor and a researcher engaged students in blended learning course
by co-designing all learning activities in 15 weeks of learning. Seven learning activities
were listed in Fig. 1 marked with gray-dotted lines. Moreover, a chat-oriented topic
irrelated to learning was designed because the possibility of obscure sentiments in the
discussion messages. Coinciding with festival, this topic encouraged students to share

http://moodle.scnu.edu.cn
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Face-to-face
13 weeks

Online
discussion
15 weeks

Face-to-face learning Online learning

Blended learning course

38 postgraduates

Sharing the tools regarding scientific research(such as endnote)

Task report in class

Course conclusion

Conducting a debate on definition
of educational technology

Elaborating the purpose of technology application in education

Thinking on the skills of classroom questioning and listing related tools

Making suggestions for improvements to the given framework
(online submission)

Reviewing the connotation of educational technology

Chat-oriented
(irrelated to learning )

chatting

Fig. 1. The procedure of face-to-face and online learning in blended learning contexts

something interesting of the festival. This topic was conductive to adjusting the learning
atmosphere and promoting sentiment interactions.

Meanwhile, offline learning (face-to-face) orderly interspersed among the online
tasks, shown in Fig. 1. Face-to-face activities consisted of conventional teaching, debate
form, and task report in class. In face-to-face learning settings, each student can freely
express his opinion and comment/reply others in terms of certain learning theme by
asynchronous discussion platform, face-to-face interactions as well. In the course of
accomplishing the blended learning, the online discussion posts were recorded auto-
matically in the logs for statistical analysis. Offline interactions can be recorded by
videos.

4.3 Coding Schemes

Coding Scheme for Interaction. The coding scheme for interaction analysis was
adopted according to the study of Yang et al. [12]. However, some discussions mainly
consisted of emotional interactions, such as come on, welcome, and greeting. Thesemes-
sages of discussions were called social-emotional interaction. Accordingly, this study
deemed the social-emotional interaction as a new interaction i6. The coding scheme is
shown in Table 1.
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Table 1. Coding scheme for interaction.

Interaction Description Example

Sharing/comparing
information (i1)

Sharing/comparing
information or proposing
similar ideas

I think the definition of
educational technology should
be discussed at the
philosophical level

Discovery and exploration of
dissonance (i2)

Discovery and exploration of
dissonance or inconsistency
among participants

l think electronic scales are not
the application of educational
technology in your metaphor

Negotiation (i3) Negotiation of
meaning/co-construction of
knowledge

I think we should integrate the
writing websites and utilize
their advantages.

Test and modification (i4) Test and modification of
proposed synthesis or
co-construction

With regard to the proposed
solution, l personally feel that
it is important, so l suggest we
should modify the proposal

Agreement statement (i5) Agreement
statement(s)/application of
newly constructed meaning

I hereby integrate the views
and requests offered, and
propose a new approach to
solving this problem

Social-emotional interaction
(i6)

Expressing feeling about
members, such as thanks,
sorry etc.

I apologize for my random
absences

Coding Scheme for Learning Sentiments. The six-dimension sentiments proposed
by Harris, Zheng and Kumar [26], namely, positive, negative, neutral, insightful, con-
fused, and joking, were adopted to identify the sentiments experienced by students in
blended learning environments. The coding scheme for learning sentiment analysis is
presented in Table 2.

According to the above two coding schemes for interactions and learning sentiments,
two coders independently coded 1658 discussion messages by hand. The kappa value
of the two coders was 0.89, indicating that the analysis was highly reliable.

4.4 Data Analysis

SIENA are used to examine the evolution of social networks and individual related
variables (e.g., interactions, sentiments). In a longitudinal sample of blended course, this
study employed SIENA to illustrate the sentiment evolutions with dynamic interactions.
The method was implemented in the R package Rsiena (SIENA version 4.0), adopted
by Zhang et al. [8].

The prerequisite of SIENA is dynamic networks among students. Therefore, the
relationship would be established if two students interact each other. This relationship
was characterized by using a binary method: 1 represented a student interact with others
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Table 2. Coding scheme for learning sentiments in online learning conversations.

Sentiment Description Example

Positive (e1) Supporting or liking an opinion This idea is very useful, thanks for
your sharing

Negative (e2) Opposing or disliking the topic What you said is not true

Neutral (e3) Ambivalent, or unclear user’s
sentiment

Some equipment is applied in teaching,
such as TV and computers

Insightful (e4) Conveying some innovative
opinions or reflective thoughts

I think problem-solving strategies
should include analogy, means-ends
analysis, dividing and conquering, and
trial and error

Confused (e5) Transmitting opinions expressing
bewilderment or perplexed feelings

I am still confused about these two
concepts

Joking (e6) Meaning a user is only kidding Yes. My grandmother is more
concerned about what I eat and doesn’t
care what I learn. Enha, biological
grandma

in this observation; 0 was denoted as no relation to other students. As such, five networks
were obtained (Table 3).

Table 3. Variables and measurement.

Variables Operationalization Estimation

Interaction i1, i2 Surface interactions = 0

i3, i4, i5 Deep interactions = 1

i6 Social-emotion interactions = 3

Sentiments e1, e4 Positive sentiments = 1

e3 Neutral sentiments = 2

e2, e5 Negative sentiments = 3

e6 Joking sentiments = 4

In longitudinal data of blended course, it started with 11 September 2017 and ended
with 25 December 2017. During the course, messages related with the chatting-oriented
were excluded fromdata analysis, because thesemessages hadno relevance to knowledge
construction. Finally, the evolution network was examined using SIENA with five time
periods. As interactions in blended learning course were asynchronous, the network
grows with time. As a measure of stability, the Jaccard coefficients for two sequen-
tial periods [25], varying from 0.538 to 0.912, indicated that the network dynamics of
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five time periods were smooth enough, which justified the use of five time periods as
appropriate in this study.

First, this study conducted descriptive analysis for interactions and sentiments among
five time periods. Subsequently, to draw a sequential transfer diagram, the LSAwas con-
ducted to identify and visualize the learners’ sentiment change patterns by exploiting the
Generalized Sequential Querier 5.1 software. Finally, to further examine the sentiment
evolutions with regard to six types of interactions, the SIENA was carried out.

5 Results

In this section, the results are presented in terms of 3 parts, namely descriptive statistics of
interactions and sentiments, sequential analysis of sentiments and sentiment evolutions
with interaction network results by using SIENA and LSA.

5.1 Descriptive Statistics of Interactions and Sentiments

To explore the interactions contributing to sentiments in the context of blended learning
contexts, the interactions and sentiments were coded and analyzed in the five time peri-
ods. Descriptive analysis of students’ interactions and sentiments was conducted, with
the results summarized in Fig. 2.

Fig. 2. Descriptive analysis of interactions and sentiments in the five time periods of the blended
learning course.

Figure 2 presents some descriptive statistics of interactions. During the five time
periods, the frequency of interactions in the period 1 occurs the least than other five
observations. Interestingly, students construct knowledge with multiple and increasing
interactions in periods 2 to 4. In the last two periods, the frequencies of interactions
are similar (period 4 = 358, period 5 = 332), which indicated that interaction network
among students tended to stable.

As depicted in Fig. 2, the six types of sentiments varied with five periods. Similar to
interactions, periods 3 and 4 seem to have larger fluctuations than other periods. Except
for joking sentiments, the frequencies of other five types of sentiments occurred the least
in five periods.
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5.2 Sequential Analysis of Sentiments by Using LSA

To examine the students’ sentiment change exhibited in the online discussion-based
blended learning course, a series of sequential analysis was conducted. In terms of the
observed five periods, the sequential transition diagram of six types of sentiments was
drawn to display the significant sentiment sequences (see Fig. 3). All sequences in the
transition diagram were statistically significant.

Fig. 3. Significant sentiment sequences of each time period in blended learning contexts.

As presented in Fig. 3, students experienced more and more diverse sentiments
among the five periods. At the beginning, the sequence of positive → confused →
joking was significant. In the subsequent periods 2–4, negative, confused and insightful
sentiments formed transitions to solve the problems in the blended course (negative →
insightful, negative → positive, confused → insightful). In the period 5, there were
two sequences (neutral → neutral and insightful → positive). The results indicated that
learning sentiments are likely stabilized to positive, neutral and insightful sentiments
when problems are settled in blended learning course.

5.3 Sentiment Evolutions with Interaction Network via SIENA

To gain insights into sentiment evolution with regard to interaction networks among
students, the next step in our analysis was to investigate how much change actually took
place during the five periods of longitudinal data. Interactions and sentiments through a
series of SIENA were analyzed to evaluate the strength of five observations that affect
evolutions in network. Table 4 offered an impression from SIENA analysis of dynamic
interaction network (deep and surface interactions) and sentiment change (positive, neu-
tral, negative and joking sentiments). The coefficientswere estimated for sentimentswith
interactions. Taken as a whole, the interaction network established at first time period
seems to be scrambled by subsequent periods.
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Table 4. Estimation of interaction network and sentiments dynamics of five observations.

Variables Parameter estimation (λ) T ratio

� (period 1) 0.321***

� (period 2) 1.215**

� (period 3) 1.434***

� (period 4) 0.672*

� (period 5) 0.354*

Surface interactions

Positive sentiments 1.315** 0.051

Neutral sentiments 0.246*** −0.013

Negative sentiments −0.041 0.027

Joking sentiments 0.323* −0.071

Deep interactions

Positive sentiments 1.578*** 0.023

Neutral sentiments −0.542 0.009

Negative sentiments 1.324** −0.034

Joking sentiments 0.759** 0.056

Social-emotion interactions

Positive sentiments 0.231** 0.003

Neutral sentiments 0.365* −0.067

Negative sentiments −0.045 0.092

Joking 0.987*** 0.001

*p < 0.1, **p < 0.05, ***p < 0.01

As the simulated network evolved through 1000 iterations, the estimations for the
strength of various process were calculated (Table 4). As illustrated in Table 4, there
are significant differences among all periods (p < 0.1). Additionally, the t ratio values
of these variables are less than 0.1 and very close to 0. These results indicated that
SIENA had good convergence [25]. In terms of λ, it decreases with the longitudinal
data of three time periods (period 3, 4 and 5). The results suggested interactions among
students might tend to be stable. The parameter estimates of interactions and sentiments
shows the changes in network among the measurement points. Surface interactions are
significantly associated with positive and neutral sentiments. This result demonstrated
the H1. Regarding the level of interactions, deep interactions have a positive significance
with positive, negative and joking sentiments, which revealed that deep interactions
would be likely to trigger negative and positive sentiments. Therefore, these findings
supported the H2 and H3 about the trigger of sentiments with deep interactions.

In Table 4, the number of deep interactions is even higher than the number of surface
interactions in the process of knowledge construction. negative sentiments appear to
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get a little more settled towards the end of the period, but even then, sentiments of
changing periods (2 and 3) are still more abundant and diverse than the stable period
(4 and 5). These findings verified H4. Moreover, deep interactions play a role in the
evolution of negative and joking sentiments, which further support H4. Additionally, as
these aremeasured at multiple time points, joking sentiment tendency for social-emotion
interactions was significant. This further demonstrated the H5.

6 Discussion and Implications

This study was an empirical investigation of the network dynamics of a blended learning
course, which contributes to the discussion of how online sentiments can be designed to
create and foster a better interaction network. To understanding the sentiment evolutions,
SIENA and LSA were used to gain insights into the dynamics of interactions in the
context of blended learning.

In blended learning environments, this study is one of the few which investigate
the sentiment evolutions and interaction network by using SIENA and LSA. In terms
of the sentiments in five time periods, interactions among students may tend to sur-
face interactions (i1 “sharing/comparing information”, i2 “discovery and exploration of
dissonance”) at the beginning. As interactions increase, students may tend to deep inter-
actions (i3 “negotiation”, i4 “test and modification”, and i5 “agreement statement”), and
ultimately to agreement (i6). Despite deep interactions might enhance the progress of
knowledge construction, surface interactions are indispensable to drive the deep inter-
actions [13]. Moreover, social-emotion interactions appear occasionally. The possible
reason might be that intervention related to sentiment guidance was little, and only one
topic was designed to trigger students’ sentiment expression. These results are in line
with the findings [10]. Although online interactions based on blended learning activi-
ties, further study on integrating online into face-to-face interactions would be better to
understand the roles of surface and deep interactions.

Pertaining to six types of sentiments, students might tend to start with joking and
positive sentiments. As knowledge constructions progress, students’ sentiments have a
tendency of diversity. Although the joking sentiments occur least than other five types of
sentiments, it is significant for them to promote the social relationship and alleviate the
climate caused by negative and confusion sentiments [27]. Regarding the evolution of
sentiments, six types of sentiments emerging form asynchronous discussion suggested
that confusion sentiment might be conductive to problem solving when deep interactions
(i3 “negotiation”, i4 “test and modification”, and i5 “agreement statement”) occurs.
Deep interaction (i3, i4, and i5) may tend to trigger confusion and insightful sentiments.
Notably, it is important for insightful sentiments accompanied by agreement interactions
to stimulate the reflection and creative thinking of students.However, surface interactions
are also important to start with positive, neutral, and joking sentiments. These sentiments
triggered by surface interactions are consistent with dynamic sentiment change proposed
by Kort et al. [18], simultaneously are likely to facilitate learning process.

Based on the results from this study, some pedagogical implications were presented
for effective interaction when constructing knowledge. In blended learning, instruc-
tors should take account of students’ sentiments. Instructors should trigger students into
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employment of online tools for a remedy of offline learning engagement. In this concern,
instructors could use online discussions to promote the deep interactions for knowledge
constructions. Moreover, it is necessary for instructors and students to evoke joking
sentiments when “discovery and exploration of dissonance” occurs. Key components
such how to balance the negative sentiments with appropriate interactions (e.g., social-
emotion and deep interactions), especially for students and instructors accustoming to
online learning contexts. Specially, confusion, as a doubled-edged sentiment, is detri-
mental to learning if learners fail to resolve confusion [27]. Therefore, to settle the con-
fusion sentiments triggered by cognitive imbalance for instructors, it is crucial to guide
the deep interactions (i3 “negotiation”, i4 “test and modification”, and i5 “agreement
statement”) for facilitating learning process.

7 Conclusion and Limitation

To conclude, this study adopted SIENA to explore the mechanisms of the sentiment
evolutions with interactions in the context of a blended learning course. Investigating
how sentiments change over time highlights the unique potential interactions of blended
learning. The results emerging from the blended course suggested that there is a need
to trigger confusion and insightful sentiments when deep interactions occur among
students. Moreover, the joking sentiments and social-emotion interactions are likely
to adjust the atmosphere caused by disagreement interactions and negative sentiments.

There are some limitations in this research. First, the samples collected is limited.
The generalization of results would be limited due to different population (e.g., learning
subject). Therefore, it would be better to have a larger sample for increasing the statis-
tical power. Moreover, although online discussion is beneficial to learning, more online
support needs further research, such as intelligent agent, VR/AR resources. Further-
more, although SIENA used the online longitudinal data for the dynamics of interaction
networks and sentiment evolutions, face-to-face interactions should be jointly analyzed
to gain insights into the evolutions of sentiments and interactions. In particular, multiple
methods could be conducted in further work, such as learning analytics and interviews.
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Abstract. The flipped classroom approach has attracted particular interest from
educators in the Science-Technology-Engineering-Mathematics (STEM) subject
disciplines. Despite its popularity, the effect of the flipped classroom approach on
student outcomes compared with conventional learning has not yet been concon-
clusively determined. Although previous reviews have reported positive student
perceptions of flipped courses, this does not necessarily imply improved student
learning. This study used a second-order meta-analysis procedure to summa-
rize more than 10 years of research examining the following question: “Does
the flipped classroom improve student cognitive and behavioral outcomes across
STEM subjects as compared with non-flipped classroom?” A total of 10 primary
meta-analyses covering 217 unique STEM studies were analyzed. Results showed
that flipped classroom significantly improves student cognitive learning (g= 0.49,
p< 0.001), and student behavioral learning (g= 1.70, p< 0.001) as compared to
conventional classroom. To validate the results of the second-order meta-analysis,
we also conducted a study-level meta-analytic validation. Students’ perceptions
of using flipped classroom were also analyzed.

Keywords: Flipped classroom · Flipped learning ·Meta-analysis · STEM

1 Introduction

1.1 Background

Many education classes now utilize the flipped classroom approach. In flipped class-
rooms, students are expected to learn the subject content before class usually through
watching recorded video lectures [1] and completing some pre-set online exercises.
Students then attend classes to complete individual and/or group activities under the
instructor’s supervision [2]. The whole idea of the flipped classroom approach is to
foster more active learning opportunity for students.

The flipped classroom approach hasmade particular inroads across the science, tech-
nology, engineering, and mathematics (STEM) disciplines. Traditionally, the learning of
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STEM disciplines has been characterized by the didactic teacher-lecture approach [3] as
these disciplines generally involve the learning of complex concepts before students are
able to move on to the practical applications [4]. Instructors have typically spent class
time delivering content through lectures and then assigning supplementary homework
exercises.

For this reason, increasing numbers of educators have begun experimenting with
flipped classrooms. Previous reviews have mainly concentrated on specific subject areas
such as nursing or medical education [5–7] and chemistry [8], or have focused on flipped
classroom implementation in a particular context, such as Asian universities [9]. In these
reviews the researchers generally summarize the characteristics of the primary studies,
such as the types of researchmethod used, the types of participants, and the advantages of
using flipped classrooms. Some also describe the challenges or disadvantages of flipped
classrooms.

To synthesize the findings about learning outcomes, some researchers would merely
list the studies that showed an increase in academic performance, e.g. [2], describe the
results of each comparison study e.g. [5], or generally report that “flipping the class
is a way to improve learning performance” (p. 26) [2]. A few researchers simply used
descriptive statistics to summarize the findings of their reviewed studies. For example,
Seery [8] counted the flipped classrooms in higher education chemistry that “half of
the studies showed no improvement in exam scores” (p. 763). In Bernard’s [10] review,
15 out of 24 studies indicated that flipped classroom students outperformed traditional
classroom students.

However, what is the overall effect of flipped classroom on STEM student learn-
ing achievement? To achieve this aim, several authors have begun to meta-analyze the
published individual empirical studies. The main goal of primary meta-analysis, or first-
order meta-analysis, is to estimate an overall mean effect from individual empirical
studies, and to identify possible factors that moderate that effect [11].

Although primary meta-analyses can offer important advantages, it is important to
note that they are limited in their scope and focus. Primary meta-analyses usually focus
on specific aspects (e.g., subjectmatter, grade level).Greater generality could be achieved
by examining multiple primary meta-analyses and synthesizing their results.

1.2 Purpose of the Present Study

The current study used an approach known as second-order meta-analysis to synthesize
a number of methodologically comparable primary meta-analyses [12]. A second-order
meta-analysis combines the results of multiple primary meta-analyses. This method has
two important advantages. First, by summarizing the findings of more than one primary
meta-synthesis, a second-order meta-analysis can generate a more robust generalizable
result [13]. Second, a second-order meta-analysis can provide a more accurate estimate
of the true mean effect sizes in each primary meta-analysis [14].

In this study,we conducted thefirst-ever second-ordermeta-analysis to synthesize the
results of prior primarymeta-analyses on STEMsubjects to gain a broader understanding
of the effects of flipped classroom use on student learning performance. To validate the
results, we also conducted a study-level synthesis of all available effect sizes reported
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in the primary meta-analyses included in our second-order meta-analysis. Our study is
guided by the following questions:

Research question 1: What is the overall effect of flipped classroom used on STEM
students’ cognitive and behavioral outcomes? Do subject discipline and student grade
level moderate the effect of flipped classroom used on students’ outcome?
Research question 2: How do participants perceive the use of flipped classroom?

Cognitive Outcomes refer to domain-specific knowledge of a subject. Cognitive out-
comes are usually assessed using teacher-developed or standardized tests and exams.
Behavioral outcomes refer to learners’ motor skills or competences in performing a
task. Behavioral outcomes are usually assessed through observations such as objective
structured clinical examinations (OSCEs).

2 Method

Tobe as comprehensive as possible,we searchedmore than tenmajor academic databases
were searched, including ACM Digital Library, all EBSCO host research databases
(e.g., Academic Search Premier, British Education Index, ERIC, TOC Premier), Emer-
ald Insight, IEEE Xplore, ProQuest Dissertations & Theses A&I, Science Direct, Sco-
pus, Springer, Web of Science, JSTOR, PubMed, and Google Scholar. To ensure that
our search was comprehensive, additional primary meta-analyses identified in Google
Scholar were also included. The search string used in this review was: “meta-analysis”
AND (“flip*” OR “invert*”) AND (“class*” OR “learn*”). No time restriction was
applied to the search, which was completed in November 2019.

For this second-order meta-analysis, a primary meta-analysis was included if it met
the following criteria. The primarymeta-analysis must: (a) compare the effects of flipped
classrooms with those of non-flipped classrooms in STEM specific subjects, including
health sciences, general sciences (e.g., chemistry, biology, physics), engineering and/or
technology, and mathematics, (b) focus on students’ cognitive or behavioral outcome,
(c) report an average effect size, (d) provide a list of the primary studies analyzed, and
(e) be written in English and publicly available, or available through a library database
subscription.

2.1 Data Extraction

For each primary meta-analysis, we extracted the following data: (a) study identification
(e.g., author), (b) contextual features (e.g., subject matter), (c) methodological features
(e.g., total number of primary studies reviewed, total number of participants), and (d)
results (e.g., type of effect size, effect size data). The process of data extraction was
conducted by the first author. To test the reliability of the coding, the second author
coded five randomly selectedmeta-analyses independently. Therewas perfect agreement
between the two coders.
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2.2 Data Analysis

All of the primary meta-analyses reported the overall effect size using either Hedges’ g
or SMD (standard mean difference, Cohen’s d). Following Young [15], we assumed that
the differences between g and d would be negligible. Therefore, we used the effect sizes
in the original metrics in which they were reported. We retrieved the standard errors
(SEs) of effect sizes as directly reported by the authors when available, or computed
(SEs) using confidence intervals:

SE = (95%CIupper limt − 95%CIlower limit)/3.92 (1)

We used the Comprehensive Meta-Analysis software package [16] to conduct effect
size synthesis, publication bias and moderator analyses. We conducted a classic fail-safe
N test, plotted funnel plots [17], and applied the trim-and-fill method [18] to adjust for
any possible publication bias.

2.3 Validation of the Second-Order Meta-Analysis

One important issue when conducting a second-order meta-analysis is the issue of
study overlap across the various primary meta-analyses [19]. Study overlap occurs when
the same empirical studies are included in more than one primary meta-analysis [12].
Although several approaches to addressing study overlap have been proposed, it is not
clear which approach is the most appropriate [20].

In this study, we followed the method employed by Young [15] and Tamim et al.
[21] in validating the findings of the present second-order meta-analysis. To do this,
individual effect sizes and sample sizes from available empirical studies reported in
the primary meta-analyses were extracted. In this validation sample, all empirical study
overlap was eliminated. We then compared the overall mean effect size from the present
second-order meta-analysis with the overall mean effect size from the validation sample,
where all study overlap had been removed, to determine whether the average effect sizes
were similar.

3 Results

As shown in Fig. 1, the initial searches resulted in 42 article abstracts (after duplicates
were removed). From these identified 42 documents, 15 were removed after a title
and abstract review. Ultimately, 27 full-text primary meta-analyses were assessed for
eligibility.Of these 27 full-text primarymeta-analyses, 20were excluded due to a number
of reasons, including: no effect size was provided (n= 6); the outcome measure was not
student learning performance (n = 6); and non-STEM subjects (n = 8).

The final dataset subsequently used in this study consisted of 10 primary meta-
analyses comparing the effects of the flipped classroom and the non-flipped classroom
on STEM students’ academic performance. Seven primary meta-analyses examined
student cognitive learning outcomes [22–28]. These meta-analyses covered a total of
176 unique primary studies with 37,775 participants (19,045 in a flipped class and
19,730 participants in a comparison class). Three primary meta-analyses covering 41
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Fig. 1. PRISMA flowchart of article screening process.

unique primary studies with 9,473 examined student behavioral learning outcomes [24,
27, 29].

All 10 primarymeta-analyses relied on the effect sizes extracted fromprimary studies
published in peer-reviewed journals. However, four primary meta-analyses included the
analysis of additional primary studies from conference proceedings and/or dissertations
[25, 27–29]. Five meta-analyses focused solely on health sciences education [22–24,
27, 29]. Other meta-analyses focused on science education [28], mathematics education
[26], and engineering education [25].

3.1 Effect Size Synthesis: Cognitive and Behavioral Outcomes

We chose the random-effects model to compute the overall effect size of this second-
order meta-analysis. The random effects model was considered more appropriate for
interpretation because of the wide diversity of settings and subject matter. Under the
random-effects model, results revealed a small effect in favor of the flipped classroom
approach on student assessed cognitive learning outcomes (Hedges’s g = 0.49, 95%
CI = 0.326 – 0.656, p < 0.001), and a large effect on student behavioral outcomes
(Hedges’s g = 1.70, 95% CI = 1.395 – 1.998, p < 0.001) (Fig. 2, Fig. 3 respectively).
We conducted outlier analysis using the ‘one-study-remove’ method. Results revealed
that all 7 effect sizes for cognitive outcomes fell within the 95% CI of the overall effect
size (0.326 – 0.656). Thus, there was no need to remove any meta-analysis.

We conducted sub-group analyses to examine whether the subject discipline and
student grade level might moderate the magnitude of the effect sizes (Table 1). The
moderator analysis concerning subject discipline suggested no significant effect size
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Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Gillette et al. (2018) 0.366 0.156 0.024 0.060 0.672 2.346 0.019
Hew & Lo (2018) 0.330 0.066 0.004 0.201 0.459 5.000 0.000
Hu et al. (2018) 1.060 0.179 0.032 0.709 1.411 5.922 0.000
Lo & Hew (2019) 0.289 0.064 0.004 0.164 0.414 4.516 0.000
Lo et al. (2017) 0.298 0.071 0.005 0.159 0.437 4.197 0.000
Tan et al. (2017) 1.130 0.184 0.034 0.769 1.491 6.141 0.000
Zhang (2018) 0.415 0.067 0.004 0.284 0.546 6.194 0.000

0.491 0.084 0.007 0.326 0.656 5.837 0.000

-2.00 -1.00 0.00 1.00 2.00

Fav ours conv entional classFav ours flipped class

Fig. 2. Forest plot of effect size on student cognitive learning outcomes (random-effects)

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Hu et al. (2018) 1.400 0.480 0.230 0.459 2.341 2.917 0.004
Tan et al. (2017) 1.680 0.220 0.048 1.249 2.111 7.636 0.000
Xu et al. (2019) 1.790 0.240 0.058 1.320 2.260 7.458 0.000

1.696 0.154 0.024 1.395 1.998 11.041 0.000

-4.00 -2.00 0.00 2.00 4.00

Fav ours conv entional classFav ours flipped class

Fig. 3. Forest plot of effect size on student behavioral learning outcomes (random-effects)

difference among different disciplines (QB = 1.411, df = 3, p = 0.703). The moder-
ator analysis concerning student grade level also suggested no significant effect size
difference (QB = 3.374, df = 1, p = 0.066).

Table 1. Sub-group analyses.

Sub-group N g SE 95% CI (LL) 95% CI (LL) QB (p)

Subject discipline 1.411 (0.703)

Engineering 1 0.289 0.404 −0.502 1.080

Health sciences 4 0.701 0.213 0.284 1.119

Mathematics 1 0.298 0.405 −0.495 1.091

Science 1 0.415 0.404 −0.377 1.207

Student level 3.374 (0.066)

Post-secondary 4 0.662 0.127 0.414 0.910

K-12 + post-secondary 3 0.334 0.126 0.088 0.580

We also conducted outlier analysis through the ‘one-study-remove’ method. Results
revealed that all three effect sizes for behavioral outcomes fell within the 95% CI of the
overall effect size (1.395 – 1.998). Thus, there is no need to remove any meta-analysis.
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3.2 Data Validation

We administered the data validation by extracting the available raw individual effect
sizes used in the seven primary meta-analyses and running a regular meta-analysis. A
total of 149 independent effect sizes and standard errors were extracted. We computed
the overall mean effect size using the random-effects model. The results showed a signif-
icant medium effect size in favour of flipped classroom on students’ cognitive learning
outcome (Hedges’s g = 0.51, CI = 0.438-0.599, p < 0.001). We also computed the
overall mean effect size of student behavioral outcome using the random-effects model
among 41 effect sizes. The results showed a significant medium effect size in favour of
flipped classroom on students’ behavioral learning outcome (Hedges’s g = 1.70, CI =
1.387 – 2.010, p < 0.001).

In comparing the second-order meta-analysis with the validation study, it is evident
that the mean effect sizes for the random-effects model for both student cognitive and
behavioral outcomes are closely similar. For example, themean effect size of the second-
order meta-analyses for cognitive outcome was 0.49 (random-effects model), while the
mean effect size of the validation study sample was 0.51 (random-effects model). There
was only a difference of 0.02, a magnitude which can be deemed trivial [10]. The
mean effect size of the second-order meta-analyses for behavioral outcome was 1.70
(random-effects model) which was similar to the mean effect size of the validation
study sample (1.70, random-effects model) Thus, the results of the second-order meta-
analysis were considered to be a valid representation of the cumulative effects of the
primary meta-analyses.

3.3 Publication Bias

Figure 4 shows the funnel plot of the seven primary meta-analyses on student cognitive
outcome. The classic fail-safe N test result showed that 300 additional studies would be
required to invalidate the overall effect.

Fig. 4. Funnel plot of seven primary meta-analyses on cognitive learning outcome
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We also conducted an examination of publication bias of the cognitive outcomes
validation studywhich consists of 149 independent effect sizes used in the seven primary
meta-analyses (see Fig. 5).

Fig. 5. Funnel plot of the validation study (n = 149 effect sizes) on cognitive learning outcomes

The classic fail-safeN was 1,524, indicating that 1,524 null effect studies are needed
to invalidate the overall effect for cognitive outcomes. Kendall’s Tau was 0.006 (one-
tailed p = 0.456) which suggested no presence of publication bias. The trim and fill-
method, using random-effects model, suggests that 0 studies are missing from the left
side of the mean effect.

With regard to student behavioural learning outcome, the classic fail-safe N analysis
revealed that 82 null effect studies are needed to invalidate the overall effect. Kendall’s
Tau was 0.000 (one-tailed p = 0.500) which suggested no presence of publication bias.
The trim and fill-method, using random-effects model, suggests that 0 studies are miss-
ing from the left side of the mean effect. We also conducted an examination of publi-
cation bias of the behavioral learning outcomes validation study which consists of 41
independent effect sizes used in the three primary meta-analyses (see Fig. 6).

Fig. 6. Funnel plot of the validation study on behavioral outcomes
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The classic fail-safeN was 7,940, indicating that 7,940 null effect studies are needed
to invalidate the overall effect for behavioral outcomes. Kendall’s Tau was 0.215 (one-
tailed p = 0.024) which suggested a slight presence of publication bias. The trim and
fill-method, using random-effects model, however, suggests that 0 studies are missing
from the left side of the mean effect. In summary, the results of the classic fail-safe
Ns and funnel plots suggest no obvious publication bias for both student cognitive and
behavioral outcomes.

3.4 Student Perception of Flipped Classroom

Three primary meta-analyses [25, 26, 28] reported student perception of using flipped
classroom. In this section, we briefly synthesize the main findings according to twomain
categories: benefits of flipped classroom, and challenges of flipped classroom.

Six main benefits of flipped classroom were identified: (a) promote self-paced learn-
ing, (b) allow multiple exposures to course materials, (c) help prepare students for class,
(d) more opportunity for knowledge application (e.g., problem solving) activities, (e)
provide more opportunity for peer-assisted learning, and (f) allow more timely instruc-
tor intervention and support. Compared to non-flipped classroom, flipped classroom
students have a greater opportunity to do self-paced learning due to the availability of
pre-class activity. Students can choose to watch the video or read the course materials
at any time and in whatever pace they desire. Flipped classroom also provided students
with more than one exposure to the course materials. Students are first exposed to the
course materials before class during the pre-class activity. Students engaged with the
course materials again later during the in-class session. Multiple exposure to course
materials can help improve student understanding of the lesson.

Five main challenges of flipped classroom were also identified. These include: (a)
student unfamiliarity with the new approach, (b) student not willing to complete the pre-
class activity due to perceived additional workload, (c) student inability to ask questions
during the pre-class activity, (d) significant start-up effort on the part of the instructor,
and (e) instructor unfamiliarity with the flipped classroom approach.

4 Conclusion

Many individual empirical studies that examined the effects of flipped classroom on stu-
dent outcomes have been conducted and published in journals, conference proceedings,
and dissertations. Along with this growing number of individual empirical studies, there
has also been a corresponding increase of meta-analytic studies of the flipped classroom
approach in a variety of contexts. The present study used a second-order meta-analysis
method to synthesize the findings of ten primary meta-analyses on STEM student cog-
nitive and behavioral outcomes. Overall, we found a significant mean effect size of 0.49,
and effect size of 1.70 under the random effects model in favor of the flipped classroom
approach in enhancing student cognitive and behavioral outcomes respectively. Findings
of our validation study suggest that the results of the second-order meta-analysis can be
considered valid representations of the cumulative effects of the primary meta-analyses.
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The overall effect size of 0.49 for cognitive outcome may be considered a medium
effect [30] and is closely similar to the typical value of 0.40 for student achievement
that is reported elsewhere [31]. The overall effect size of 1.70 for behavioral outcome is
considered a large effect [30]. An interesting finding is that the effect size of behavioral
outcome is much higher than that of the effect size of cognitive outcome. One possible
reason why flipped classroom lends itself particularly well to improving behavioral
outcome is that it promotes more time for application of knowledge than traditional
classroom.

We conclude by highlighting two limitations of previous primary meta-analyses. A
majority of the primary meta-analyses did not report whether or how they control for
potential student initial equivalence. Student initial differences can result in substantial
bias in the outcome measures. If students have different initial knowledge or skill about
the subject matter, it becomes unclear whether it is the actual flipped learning pedagogy
that caused the effect, or the student’s initial knowledge or skill that influenced the
outcome. A majority of previous meta-analyses also did not report whether or how they
control for instructor equivalence. Since different instructors have different teaching
styles (although the content materials remain similar), it becomes unclear whether the
actual flipped learning pedagogy caused the effect, or the presence of the instructor
confounding variable influenced the outcome. We therefore urge future primary meta-
analyses to carefully consider these two issues.
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Abstract. Numerous research studies have already proven that modern
approaches such as blended learning can enhance the quality of learning, both in
particular subjects and in general. However, quite little is known about how such
approaches affect learning outcomes in higher education, and at tertiary schools
for medical staff in particular. The submitted paper represents a pilot study with
the aim to compare and assess students’ perception and preferences concerning
blended and traditional format of instruction, as well as their outcomes and learn-
ing achievement. In total, twenty-four 1st year students (pharmacy technicians)
participated in the pilot research conducted within the English for Specific Pur-
poses course. During one semester, two formats were implemented: the first half
of the semester was taught in the traditional face-to-face format while the other
one in the blended format. Students reported significantly higher preferences in
the blended part of the course in comparison to the traditional one, stating higher
motivation, appreciating the possibility of individual pace and independence. They
also showed better learning outcomes. Moreover, the students were interested in
taking more blended courses, in particular the ones connected with specialized
subjects such as anatomy and physiology or pharmacology.

Keywords: Blended learning · Traditional course delivery · Learning outcomes ·
Tertiary schools for medical staff · Learning preferences · ESP

1 Introduction

Blended learning is a teaching format that has been gaining popularity among higher
education institutions for some time as it provides indisputable advantages to both the
students and the schools.

Tertiary schools are an inseparable part of higher education in the Czech Repub-
lic; however, they are considered a distinction within the educational system. They are
established either as part of a secondary technical school or as an independent school,
thus forming a cross between secondary and higher education. They maintain education
mainly in technical fields, business and health care, and are established by and under the
supervision of the Ministry of education. Nevertheless, their study programs follow the
university format dividing a study year into two semesters at the end of each there is one-
month exam period during which students have to fulfill successfully all the assigned
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exams. At the end of the whole study program, a final exam needs to be accomplished
together with a graduation thesis defense.

Tertiary schools for medical staff provide education not only in the specialized fields
of medicine, e.g. nursing care, urgent medicine, dental hygiene, but also focus on edu-
cating students in English for Specific Purposes, which is part of the final exam. Most of
the courses are conveyed in the traditional face-to-face format. However, as Tlučhoř [1]
and Hubáček [2] claim, e-learning has become a phenomenon which can broaden the
educational methods and be beneficial for both students and teachers. Thus, there have
been tendencies to apply blended format into individual courses.

2 Background

Blended learning has gained a great popularity in higher education over the last years
and have become widespread. According to Martyn [3], over 90% of higher education
institutions use some type of e-learning option. This short summary of the background
examines the research across three topics. First, the potential benefits of blended learning
in general are examined. Second, the impact on students’ learning outcomes is addressed,
and third, students’ perception of the blended format is explored.

2.1 Blended Learning Benefits

Garrison and Kamuka [4] state that blended learning courses can respond better to
the diverse needs and desires of students. They can also adjust to individual students’
needs and provide more time to cover increasing curricular demands related to higher
education courses (Collopy [5]). Furthermore, Collopy [5] claims that teachers can adjust
class time to focus on key questions and vice versa, blended environment can provide the
opportunity for the continuation of discussions not completed during limited class time.
The blendedmodel can thus utilize the best features of face-to-face and online education.
Decreased costs are described as another blended learning advantage as study materials
are provided in the digital form (Martyn [3]).

2.2 Impact on Students’ Learning Outcomes

Blended learning can overcome various limitations related to face-to-face approach and
pure e-learning. An analysis of more than 1,000 studies published between 1996 and
2008 showed that blended learning proved to be more effective than both previously
stated learning formats (Means et al. [6]). Clark [7] reports, that e-learning is more effi-
cient than traditional learning formats as learners gain knowledge, skills, and attitudes
faster. This efficiency is likely to project into higher student motivation and perfor-
mance. Furthermore, e-learners demonstrate better utilization of content, resulting in
better learning outcomes (Clark [7]).

Numerous researchers have begun to investigate students’ experience with the online
environment and to examine its potential impact on student learning.According to a study
conducted by Dziuban [8], blended courses demonstrate higher percentage of students
obtaining an A, B, or C and lower unsuccessful students than comparable face-to-face
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courses. Singh [9] illustrates demonstration of 10% better learning outcomes than the
traditional learning format. Zheng [10] proved continued improvement and sustainable
development of student performance mediated by the use of ICT in education, MOOC
courses in particular.

2.3 Blended Learning Perception and Preferences

Blended learning can be also described as a mix of delivery methods and study materials
that are generally selected and tailored to meet various learning needs. Studies have
mostly illustrated students’ satisfactionwith blended learning increasingwith interesting
study materials, ease of use, access and interactivity of the environment. (Gibbons and
Fairweather [11]) On the other hand, Grandzol [12] found that students’ perception of
blended learning in terms of enthusiasm, preparation and grading do not differ from the
traditional learning. However, Trasler [13] argues that factors as variety, adaptability
and flexibility play major role in attracting and motivating students. Moreover, students
agree that blended learning is superior to traditional learningmethod in terms of learning
efficiency, accessibility to content and flexible pace of learning, apart from motivation
factor and learner autonomy.

3 Research part

For the purpose of this pilot study, the method of comparative analysis was used to
compare the test scores and reveal possible differences between the traditional and
blended learning format in connection with students’ learning outcomes, which are
understood a synonym for test scores. Furthermore, a questionnaire was distributed
among the research participants in order to obtain data providing evidence about their
perception and preferences of the blended learning approach.

3.1 Research Question

Three main research questions were under the focus of research:
Q1: Do students perform better when using the blended format of learning?
Q2: Do students prefer the traditional or blended learning format?
Q3: What is the students’ perception of blended learning?

3.2 Research Objective

The main objective of this research was to collect data about students’ perception of the
blended course delivery and to discover possible differences in their test scores regarding
the learning format applied and monitor their learning preferences.
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3.3 Research Hypothesis

Based on previous study by Hubáček [2] who presented that blended learning enhances
the efficacy of the learning process, the first hypothesis connected with research question
1 was formulated:

H1: In blended format students reach higher test scores compared to the traditional
one. Furthermore, it was presumed that: H2: The frequency of positive evaluation of the
blended format will be higher compared to the traditional one; as Ruiz [14] has revealed
in his study on e-learning in medical education.

3.4 Research Sample and Process

The author who designed this pilot research has been teaching at Secondary and tertiary
school for medical staff in Olomouc, Czech Republic, since 2014 and started to use
blended format in her English for Specific Purposes (ESP) courses in 2018. Similar
format has already been used in technical subject courses; however, the e-learning part
only in the form of a storage of digital materials used during face-to-face lessons.

The structure of the research sample is displayed in Table 1. All research participants
are the 1st year pharmacy technician students attending the compulsory ESP (Medical
English) course.

Table 1. Research sample: structure

Measure Category Number of students (N) Percent (%)

Gender male 4 17

female 20 83

Age 20–24 24 100

Course ESP year 1 24 100

Specialization Pharmacy technician 24 100

This study was conducted during the summer semester 2018/2019. The course lasted
from February 01, 2019 to May 31, 2019 (16 weeks).

The ESP course is subsidized with three lessons per week, which are usually orga-
nized into one double, and one single lesson a week. A half of the course (8 weeks)
was delivered via the traditional face-to-face approach whereas the second half focused
on the blended approach providing students with study materials and supplementary
exercises in the digital form accessible in LMS Moodle with embedded links to videos,
dictionaries and useful web pages.

3.5 Research Method and Tools

Two main research methods were applied: comparative analysis of didactic test scores
and questionnaire of students’ learning preferences.
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Students’ performance included two credit tests, one administered after 8 weeks of
traditional course delivery and the second one at the end of the 8 week blended format
of learning. Test scores were compared in the form of figures presenting results in both
study formats. (Figure 1)Test 1 was administered after the first 8-week phase focusing
on the traditional approach while Test 2 illustrated students’ outcomes after the other 8
week blended approach. Both tests’ successful completion was a compulsory part of the
subject’s fulfillment requiring only information presented in both traditional and blended
formats. The tests consisted of questions covering the topics assigned by the syllabus of
the course.

Furthermore, a short questionnaire focusing on students learning preferences was
administered at the end of the targeted semester in order to find out about students’
learning preferences.

Didactic Tests
Both didactic tests were of identical structure. They focused on three parts: professional
(i.e. medical) vocabulary, grammar andmedical topics. Each took 60-90min. The cut-off
score for passing the tests was 60% altogether out of all the parts. Tables 2 and 3 below
show the description of the tests contents.

Table 2. Test 1 content

Test part Content Types of
tasks

Number of
items

Points per
item

Points in total

Grammar Future with
will and going
to

Filling in 10 1 10

Translation 5 2 10

Multiple
choice

10 1 10

Vocabulary Topic related
lexical items
and phrases

Translation 15 1 15

Definition 5 2 10

Medical
topics

Locomotor’s
system,
Diseases

Open
questions

15 2 30

The tables show that the tasks were of identical structure, as well as ratio among
single parts. Nevertheless, they focus on different content congruent with the subject
syllabus. The total score of test 1 was 85 while test 2 was slightly longer with the total
score of 100. The following figures illustrate the tests outcomes connected with both
learning formats used. Tests were assessed according to the following criteria: grade A:
100% – 90% of max test score, B: 89% – 79%, C: 78% – 60%, F: 59% – 0%.

Questionnaire
This tool consisted of three questions so as tomonitor learners’ preferences regarding tra-
ditional/blended learning and how they perceive the blended process. The questionnaire
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Table 3. Test 2 content

Test part Content Types of tasks Number of
items

Points per
item

Points in total

Grammar Present
perfect and
past simple

Filling in 10 1 10

Translation 10 2 20

Cloze 10 1 10

Vocabulary Topic related
lexical items
and phrases

Translation 20 1 20

Definition 5 2 10

Medical
topics

Central and
peripheral
nervous
system,
Hormones

Open
questions

15 2 30

consisted of six questions regarding the blended format, all of them either dichotomous
or multiple choice. Students’ task was to answer the following questions: Q1: Which
approach did you prefer? Q2:Would you like to use the blended approach in other sub-
jects as well?Q3:Which subjects would you use the blended approach in? (Max 2 items
out of 5), Q4:Which parts of the online materials were the most useful? (Max 2 items),
Q5: Which approach was more motivating for your self -study? Q6: What did you like
about the blended approach?

4 Results and Interpretation

The ESP course did not require mandatory fulfillment of all e-learning tasks. The course
included eight seminars delivered in the traditional way comprising either printed mate-
rials or note taking and eight seminars via the blended format offering students digital
study materials, supplementary vocabulary, grammar or listening tasks together with
recommended complementary sources. However, the students were instructed to use
any suitable resources as study materials. The only obligatory in both study formats was
80% attendance and autonomous learning necessary for participation in seminars and
successful fulfilling of the credit tests.

4.1 Test scores

Both Figs. 1 and 2 show scores in Test 1 and Test 2. According to these it might be
concluded that within the scope of this study there were detected some differences
in connection with the two learning formats applied in favour of the blended format,
which demonstrated considerably better students’ performance within the credit test
than the traditional learning format. The most significant difference can be seen in
the unsuccessful (F) students whose number decreases from 5 to 2. Number of average
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students assessed B and C is fairly similar in both groups, nevertheless excellent students
(A) represent more numerous group within the blended approach.

Fig. 1. Test results

For better illustration, Fig. 2 shows the comparison of Test 1 and 2 percentage scores
of individual students in both study formats.

Fig. 2. Test 1 vs test 2 scores

It can be noted, that the students’ performances in both learning formats are mostly
very close to each other in the interval from 100% to 85%. (N 2 – 7) Then the scores
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start to diverge with the greatest difference at the point of the cut-off score. (N 8 – 23)
The lowest scores again meet at nearly the same point and in both formats do not fall
much below 40%. (N 24 – 25)

It may thus be concluded that the use of blended approach in the ESP course of
medical English reflected positively at the students test scores.

To sum up, it can be stated that the implementation of blended design into the
ESP course increased students’ performance in comparison with the traditional way of
learning.

4.2 Students’ Preferences

Concerning students’ course delivery preferences (Q1), only 4% of the respondents were
in favour of the traditional course delivery opposed to the vast majority who preferred
blended learning. These findings correspond with the prior studies. (Collopy and Arnold
[5]). Furthermore, 79% of students would welcome blended approach in other subjects
as well. Figure 3 illustrates students’ subject preferences in particular.

Fig. 3. Q3: Which subjects would you use the blended approach in?

We can clearly see that subjects with the greatest blended learning approach prefer-
ences are anatomy and physiology alongwith pharmacology and chemistry. Surprisingly,
even though students expressed strong favour towards blended approach in connection
with ESP, they did not share such preferences in case of Latin.

The graph below reflects usefulness of individual implemented study material from
the students’ point of view.

As can be seen from Fig. 4, 31% of the students marked videos as one of the two pos-
sible most useful online materials. Grammar and vocabulary exercises were favoured in
about a quarter of instances. The lowest incidence of usefulness was stated in connection
with dictionary links and revision of a particular topic in Czech. Extra study materials
were appreciated by 10% of respondents.
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Fig. 4. Q4: Which parts of the online materials were the most useful?

Apparently, Fig. 5 shows students’ strong preference of blended approach (62%) in
comparison with the traditional one (21%) regarding motivation. Some students (17%)
find both approaches equally motivating.

Fig. 5. Q5: Which approach was more motivating for your self-study?

Finally yet importantly, Fig. 6 illustrates aspects of blended approach, which
appealed to the students most.

The most valued of blended learning aspects is its ability to meet individual needs (N
= 18) along with the possibility to use technologies. Independence and own study pace
were appreciated by roughly a third of the respondents. Surprisingly, only 5 students
found digital study materials more interesting.
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Fig. 6. Q6: What did you like about the blended approach?

5 Conclusion

In accordance to the presented results, it can be concluded that both hypotheses were
supported. Blended course delivery contributed to better students’ test scores, although
the difference compared to the traditional approach was not significant. Moreover, the
students expressed strong preference towards blended approach, stating higher motiva-
tion,meeting individual needs and supporting their learning independence.Nevertheless,
the study was limited by the number of its participants, which might have reflected the
outcomes as providing statistically small amount of data. Moreover, all the study par-
ticipants were members of one study group, which might have influenced their attitudes
and study results.

The author suggests conducting a future study of broader range regarding study
groups and increasing the number of participants. Furthermore, engaging schools for
medical staff in other cities would be worth considering.

Acknowledgements. This paper is supported by the project N. SGS03/PdF/2019-2020; ICT-
Enhanced Teaching English.
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Abstract. Students’ willingness to participate blended leaning has been an inter-
esting topic in the higher education context. This paper aims to examine students’
willingness to choose blended learning and identify the influencing factors related
to their willingness. A large-scale questionnaire survey was conducted with a col-
lection of 1903 valid responses. Meanwhile, nine students were interviewed. The
findings indicated that blended learning have not been widely offered in Chinese
universities. Students’ participation and understanding of blended learning are
relatively limited, but most students have a positive attitude to blended learning
and are willing to choose it in the future. Such factors as students’ demographic
features, curriculum cognition, curriculum design, learning demands will affect
their willingness to choose blended learning.

Keywords: Blended learning · Choosing willingness · Curriculum cognition ·
Students’ demands

1 Introduction

Blended learning originated from online education. As a subversive innovation to the
traditional education model, online education has gained extraordinary influence due to
its features of prestigious schools, famous teachers, excellent courses, openness, free of
charge and mobility [1]. However, the low completion rate of online education courses
has aroused widespread concern. A large number of students cannot complete their
studies without supervision or face-to-face instruction. As a result, the value of tradi-
tional school education has been re-examined. In recent years, colleges and universities
around the world have explored the integration of online education into various face-
to-face instructions and researched the effect of blended learning on students’ learning
performance [2]. Because blended learning combines the advantages of traditional face-
to-face learning and online learning, the education community generally regards blended
learning as an ideal model for realizing personalized learning, increasing learning oppor-
tunities, and reducing school operating costs [3]. Although facedwith plenty of problems
in learning and teaching practice, blended learning has become an important components
of the higher education in the world.
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In recent years, blended learning has become a hot topic in China’s higher education
reform. The Chinese government and higher education institutions have been offering
increasinglymore strategic and policy to encourage the development of blended learning.
For example, the Ministry of Education of the People’s Republic of China has issued
a series of policies to promote the implementation of blended learning in colleges and
universities. At present, the blended learning practice in China is thriving, while the
research on blended learning obviously lags behind the pace of practice. In order to
ensure the effective implementation of blended learning, it is urgent to understand the
attitude and capacity of colleges and universities in blended learning [4]. However, in
the majority of current research, the voice of students is ignored. There is few research
focusing on students’ attitude towards the introduction of blended learning in colleges
or universities; their willingness to take blended courses offered by the colleges or
universities, andwhat factorsmay influence their participation in blended learning.Based
on these problems, this paper will analyze the cognition of college students on blended
learning from their perspective, grasp their willingness to choose blended learning mode
and the influencing factors, to provide suggestions for better implementation of blended
learning in colleges and universities and promote colleges and universities to construct
blended learning model to meet the demands of students.

2 Literature Review

2.1 Definition

Scholars have not reached an agreement on the concept of “blended learning”. They have
either defined the blended learning too broadly to cover all educational techniques used
in classrooms, or regarded it too narrowly as their favorite type mode [5]. Some scholars
have also tried to define the concept of blended learning rigorously.Among them, blended
learningmeans that students complete the learning process by combining online learning
with learning in entity organizations such as schools. In online learning, students can
autonomously control the time, place, path, and pace of learning. In offline learning,
students are supervised and instructed by teachers. During the learning process, the
online component and offline component form an integrated curriculum system together
rather than being separated. Which one meets these conditions is blended learning [3].
However, in the actual practical process, the diversity of blended learning may be far
beyond imagination. Most people are confused about the concept and mode of blended
learning. The definition of blended learning varies from person to person. However, most
researchers believe that blended learning is a mode that organically combines traditional
face-to-face learning with online learning [6, 7].

2.2 Effectiveness

With the emergence of blended learning, people urgently need to know which type of
learning mode is more effective. In recent years, scholars have carried out comparative
studies on the effects of blended learning, online learning and face-to-face learning.
Three categories of findings were drawn: (1) some studies support the hypothesis that
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blended learning is more effective than pure online learning and face-to-face learning.
According to a meta-analysis of 47 experimental and quasi-experimental studies on the
impact of blended learning and online learning on students’ learning performance, the
blended learning is more conducive to improving students’ learning performance than
pure online learning and face-to-face learning [8]. An experiment that applies blended
learning to students’ foreign language learning shows that blended learning significantly
improves students’ learning achievement [9]. (2) Only a small amount of experiments
have reached the opposite conclusion. An evaluation of the implementation effect of the
“Virtual School” project in West Virginia in the United States found that the academic
performance of students adopting the blended learning model was significantly lower
than that of those students receiving traditional face-to-face instruction [10]. (3) Some
experiments also show that there is no significant difference between blended learning
and pure online learning, as well as face-to-face learning. For example, some scholars
have found that there is no difference in the learning performance of students under
the three learning modes, and students have the same satisfaction with their learning
experiences [11].A teaching experiment conducted in a university in Shandong province,
China, which compared the effects of traditional learning mode and blended learning
model and found that whether blended learning model is adopted or not has no effect on
students’ performance [12].

2.3 Perception

Although students have different understandings and experience of blended learning,
they generally hold a positive attitude towards it, especially those who have partici-
pated in blended learning. Students believe that the blended learning model is featured
by flexible learning methods and good learning effects, but it encounters problems in
time management and technology use [13]. Students are satisfied with blended learning
because they generally believe that the learning effect is better than traditional face-to-
face learning or online learning [14]. A survey conducted inMalaysia shows that students
are satisfied with blended learning regardless of their achievements, and they are willing
to continue taking blended courses if given the opportunity. Among the students major-
ing in accounting and financial management at the University of Winchester in the UK,
a study on blended learning cognition was carried out. The results indicate that the stu-
dents think highly of the courses with good organizational structure and rich resources.
These students also hold a positive attitude towards the development of their knowledge
and ability in the blended learning environment [15]. According to a survey conducted in
Chinese colleges and universities, 72.58% of the students believe that blended learning
is helpful to their own development, and most students are highly interested and con-
fident in blended learning [16]. On the whole, students think that blended learning has
advantages over traditional education modes and are willing to adopt blended learning
mode in the learning process.
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3 Methodology

3.1 Research Design

In this paper, “blended learning” refers to a learning model that combines both tradi-
tional face-to-face classroom learning and online learning using information technology.
This study adopts a progressive research design combined with qualitative interviews
and quantitative surveys. At the beginning, nine university students were interviewed
to establish a fundamental understanding of the issues. Then, a large-scale quantitative
survey questionnaire - Questionnaire on the Present Situation of Blended Learning in
Colleges andUniversities was well developed to collect quantitative data. After the ques-
tionnaire was collected, the data were further cleaned, and the reliability and validity
of the questionnaire were tested. Through descriptive statistics of data, this paper ana-
lyzes the blended learning’s setting in colleges and universities, students’ cognition and
willingness to participate in blended learning. Logistic regression was used to analyze
the influencing factors of students’ choice of blended learning. Subsequently, the second
cycle interviewwere conducted after quantitative data collection to provide explanations
for the results of quantitative research.

3.2 Research Hypothesis

This study assumes that factors that affect students’ choice of blended learning include
student’s demographic features, students’ cognition of blended learning, the design of
curriculum structure, and students’ learning needs. First of all, there are differences
among demographic features of students. Students’ acceptability of blended learning
may be affected by their learning foundation and learning ability [17]. Due to differences
in learning patterns [18], learning strategies [19], subjective initiative and self-discipline
[20] among boys and girls, the choice of blended learning may also be different. Sec-
ond, according to relevant research, students do not enter the classroom without any
academic foundation, and cognition of blended learning will affect their behaviour and
academic performance [14]. Third, whether the curriculum design is scientific or rea-
sonable directly affects students’ feeling of the curriculum. If the curriculum design is
well structured and meets students’ psychological expectations, they will hold a positive
attitude towards it; otherwise students will feel disappointed [21]. At last, traditional
face-to-face learning, online learning and blended learning have their own characteris-
tics, which canmeet the different learning needs of students. The practice has proved that
face-to-face teaching is more effective for students to learn languages. Students decide
whether to choose blended learning according to their learning needs in different fields.
Based on the above considerations, the following research hypotheses are put forward:

Hypothesis 1: Students’ willingness to take blended learning model will be affected by
demographic features.
Hypothesis 2: Students’ willingness to take blended learning model will be affected by
cognition of blended learning.
Hypothesis 3: Students’ willingness to take blended learning model will be affected by
the curriculum design of blended learning.
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Hypothesis 4: Students’ willingness to take blended learning model will be affected by
their learning demands.

3.3 Date Collection and Analysis

In January 2020, the research groupdistributed theQuestionnaire on thePresent Situation
of Blended Learning in Colleges and Universities to colleges and universities nation-
wide online. A total of 1,968 responses were collected, and 1,903 valid responses were
obtained after cleaning. Among them, 771 are male, and 1,132 are female, accounting
for 40.5% and 59.5% respectively. There were 230 responses from colleges and uni-
versities that will be developed into world-class educational institutions, accounting for
12.1%, 805 from universities which focus on building their preponderant disciplines
into first-rate ones1, accounting for 42.3%, and 868 from other colleges or universities,
accounting for 45.6%.

The questionnaire consists of three parts: The first part investigates the participants’
demographic features, includinggender, university,major, grade, academicperformance,
blended learning experience, and curriculum type preference. The second part investi-
gates students’ cognition of blended learning, the design of blended learning and stu-
dents’ learning needs in different fields. Among them, the investigation on students’ cog-
nition of blended learning is mainly to analyze the teaching effect, interactive effect and
learning gains by comparing different learning modes. The design of blended learning
mainly includes nine aspects, which are course resources, learning interest, self-learning
ability, learningmethods, information technology capability, learning tasks, course diffi-
culty, problem resolution, and course arrangements. In addition, students’ learning needs
with the choice of blended learning, it mainly includes major course learning, preparing
for entrance examination such as postgraduate entrance examination, employment train-
ing, language learning, certificate examination guidance, etc. The third part is designed
to understand the students’ willingness to take a blended course. The question in the
questionnaire is “Are you willing to take a blended course in the future?” (Table 1).

In this study, Cronbach Alpha coefficient was used to estimate the internal con-
sistency reliability of the questionnaire, with the overall alpha coefficient of the ques-
tionnaire being 0.951, indicating good reliability. After KMO and Bartlett’s tests, the
KMO value of the scale is 0.985 (df= 2485, Sig= 0.00< 0.01), with a good structural
validity. The Principal Component Analysis is adopted. The characteristic root is greater
than 1, 11 factors appear after the rotation of the maximum variance, and the cumulative
contribution rate of the variance reaches 78.418%.

1 In 2017, Chinese authorities released a selected list of universities and colleges, which will par-
ticipate in the country’s construction plan of world-class universities and first-class disciplines.
According to the list jointly releasedby theMinistry ofEducation (MOE), theMinistry of Finance
(MOF), and the National Development and Reform Commission (NDRC), 42 universities and
colleges will be developed into world-class educational institutions, while 95 universities will
focus on building their preponderant disciplines into first-rate ones.
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Table 1. The description of the variable.

Construct Variable Items design

Demographic
features

Gender Male; Female (benchmark)

Major Humanities; Science, Agriculture or Medicine; Social
science; Engineering (benchmark)

Class standing Postgraduate; Senior; Junior; Sophomore; Freshman
(benchmark)

University level World-class universities; World-class discipline
universities; General universities (benchmark)

GPA ranking Top 10%; 10%–25%; 25%-50%; The
later50%(benchmark)

Elective experience Have you participated in blended learning (No as the
benchmark)

Type Preference Blended learning; Online learning; Face-to-face
learning (benchmark)

Cognition Teaching effects Blended learning; Online learning; Face-to-face
learning (benchmark)

Interaction effects Blended learning; Online learning; Face-to-face
learning (benchmark)

Learning gains Blended learning; Online learning; Face-to-face
learning (benchmark)

Design Course resources Expanding curriculum resources (No as the
benchmark)

Learning interest Stimulating learning interest (No as the benchmark)

Self-learning ability Cultivating self-learning ability (No as the
benchmark)

Learning methods Promoting the change of learning methods (No as the
benchmark)

Technology
capability

Strengthening information technology capabilities
(No as the benchmark)

Learning tasks Learning tasks are too heavy (No as the benchmark)

Course difficulty Online courses are difficult (No as the benchmark)

Problem resolution Learning problems are difficult to solve in time (No
as the benchmark)

Course
arrangements

Course arrangements are unreasonable(No as the
benchmark)

(continued)
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Table 1. (continued)

Construct Variable Items design

Demands Major course
learning

Do you need blended learning in this field? (No as the
benchmark)

Preparing for the
entrance
examination

Do you need blended learning in this field? (No as the
benchmark)

Employment
training

Do you need blended learning in this field? (No as the
benchmark)

Language learning Do you need blended learning in this field? (No as the
benchmark)

Certificate
examination
guidance

Do you need blended learning in this field? (No as the
benchmark)

Willingness Choosing
willingness

Are you willing to take a blended course in the
future? (No as the benchmark)

4 Results

4.1 The Basic Situation of Blended Learning in Chinese Colleges and Universities

The implication of blended learning in Chinese colleges and universities is still in its
infancy. According to the data, blended courses are not commonly offered in colleges
and universities. Forty-five per cent of the students are not sure whether their universities
offer blended courses, seven percent of the students explicitly state that their university
does not offer any blended courses. Only 48% of students believe that their universities
offer blended courses. Meanwhile, the participation proportion of students in blended
learning is relatively low. Fifty-nine point seven percent of the students said that they do
not have any experience in participation in blended learning. As to the students who have
participated in blended learning, most of them only took 1 to 2 courses, resulting in a
limited understanding of blended learning. Among the students investigated, 33.8% for
“Never heard about the blended learning”, 43.5% for “Know a little about the blended
learning”, 18.8% for “Know quite a lot about the blended learning”, and only 3.9% for
“Know much about the blended learning” (Table 2).

4.2 Comparative Analysis of Students’ Views on Different Learning Models

It is worth noting that although with the poor proportion of blended courses offered
as well as low participation and understanding in blended learning, students still show
enthusiasm for this model. Compared with the traditional face-to-face learning model
and online learning model, more than half of the students show their preference for the
blended learning model. The participants were asked to compare the traditional face-to-
face learning, online learning, and blended learning in terms of teaching effect, academic
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Table 2. Description of blended learning setting and situation of students’ engagement.

Whether your
universities offer
blended courses?

Don’t know Don’t offer Offer a small
portion

Offer a large portion

856(45%) 133(7%) 773(40.6%) 141(7.4%)

Do you know what
blended learning
is?

Never heard Know a little Know quite a
lot

Know much

644(33.8%) 827(43.5%) 357(18.8%) 75(3.9%)

How many
blended courses
have you taken?

Zero One Two Three and more

1137(59.7%) 256(13.5%) 278(14.6%) 232(12.2%)

tasks, teacher-student interaction and learning gains. The survey shows that students gave
high response to blended learning. Among them, 47% hold that blended learning is more
effective, and 42% believe that they have gained a lot from blended learning. As to the
amount of learning tasks, it is believed that the proportion of traditional face-to-face
learning and blended learning having a large task burden both exceed 30%, so blended
teaching may not be easy. As to the teacher-student interaction, students hold that the
traditional learning model is better than the blended learning model, for they generally
doubt that whether effective interaction between teachers and students can be realized
online (Table 3).

Table 3. Comparative analysis of students’ views on different learning models.

Traditional
face-to-face learning

Online learning Blended learning Uncertain

Which mode do you
like?

644(33.8%) 131(6.9%) 961(50.5%) 167(8.8%)

Which mode has
better teaching
effect?

721(37.9%) 111(5.8%) 895(47%) 176(9.2%)

Which mode has the
largest task burden?

622(32.7%) 354(18.6%) 594(31.2%) 333(17.5%)

Which mode has a
better interactive
effect?

1114(58.5%) 116(6.1%) 548(28.8%) 125(6.6%)

Which mode did can
students achieve
more learning gains?

768(40.4%) 127(6.7%) 800(42%) 208(10.9%)
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4.3 Analysis of Factors Influencing Students’ Willingness to Choose Blended
Learning

The binary logistic regression equation is used to analyze the influencing factors of
students’ choice of blended learning in higher education, with the Cox & Snell R square
and Nagelkerke R square of the regression equation is 0.214 and 0.414, respectively, and
the results are shown in Table 4.

Table 4. Binary logistic regression analysis of blended course choice willingness.

Independent variable B Exp (B)

Gender (Female as the benchmark) −.537 .585**

World-class discipline universities (General university as the benchmark) −.298 .742

World-class universities −.231 .794

Science, Agriculture or Medicine (Engineering as the benchmark) −.434 .648

Social science −.133 .875

Humanities −.456 .634

Postgraduate (Freshman as the benchmark) .038 1.039

Senior and above −.112 .894

Junior −.353 .702

Sophomore −.476 .621

Top 10%(The later 50% as the benchmark) .341 1.407

10%–25% .451 1.570

25%–50% .102 1.108

Elective experience of blended courses (No experience as the benchmark) .445 1.561*

Prefer online learning (Traditional face to face learning as the benchmark) .692 1.998

Prefer blended learning 1.675 5.337***

Online learning effect (Traditional face to face learning as the benchmark) .286 1.331

Blended learning effect .610 1.841*

Online learning interaction .41 1.152

Blended learning interaction .120 1.128

Online learning gains −.668 .513

Blended learning gains .737 2.089**

Expanding curriculum resources(No as the benchmark) 1.414 4.114***

Stimulating learning interest .882 2.416***

Cultivating self-learning ability .617 1.853**

(continued)
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Table 4. (continued)

Independent variable B Exp (B)

Promoting the change of learning methods .595 1.813**

Strengthening information technology capabilities .368 1.445

Overburdened learning tasks −.862 .423***

Difficult online courses −.606 .546**

Untimely problem resolution −.197 .822

Unreasonable course arrangements −1.189 .305***

Major course learning (No demand as the benchmark) 1.138 3.119***

Preparing for the entrance examination .395 1.485*

Employment training .543 1.721**

Language learning .068 1.070

Certificate examination guidance .203 1.225

Constant −.765 .466

Notes: ***represents P < 0.01, **represents P < 0.05, *represents P < 0.1

In terms of demographic features, a gender difference shows in the choice of blended
learning, with male students 41.5% less likely than female students to choose blended
learning. The experience of participating in blended learning has an impact on students’
choices. The probability that students with participation experience are willing to choose
blended learning in the future is 56.1% higher than that of students without experience.
The preference for learning mode also influences the choice of students. Compared with
the traditional face-to-face learning mode, students who prefer blended learning have a
higher probability of choosing this model.

In terms of curriculum cognition, compared with the traditional face-to-face learning
model, students who believe that the blended learningmodel has a better effect are 84.1%
more likely to continue to choose such mode in the future; students who believe that they
have benefited a lot from blended learning are also more likely to choose such mode.

In terms of curriculum design, according to the data, blended learning has a great
attraction to students in terms of enriching curriculum resources, stimulating learning
interest, cultivating self-learning ability, and promoting the change of learning methods.
The obvious effect of blended learning in these aspects may significantly improve the
probability of students to choose this model. While the overburdened learning tasks,
difficult online courses, unreasonable curriculum arrangements and other problems in
blended learning will affect the probability of students to choose in the future.

In terms of curriculum demands, students with demands on the instruction of special-
ized courses and entrance examinations, as well as employment training and other fields
are more willing to choose blended learning, indicating that students hope to improve
their learning effect in these fields through blended learning.
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5 Discussions

Chinese students have a high acceptance of blended learning, and colleges or universities
have the conditions to offer a wide range of blended courses. According to the data,
although students have a low level of understanding and participation in blended learning,
nearly half of them hold a positive attitude towards it, with the idea that blended learning
canprovide themwith good learning effect andgains, and tend to choose blended learning
in the future. The high acceptance of students towards blended learning lays a foundation
for the large-scale popularization of blended learning in colleges and universities [20].

Demographic features influence students’ willingness to choose blended learning.
On the one hand, compared with male students, female students are more inclined to
choose blended learning. Some researchers have found that most female students work
harder than male students in online learning and participate positively in online learning
activities according to curriculum demands or teachers’ suggestions [22], reflecting
that female students may be better than male students in time management, learning
initiative and participation in the learning process. Therefore, female students are more
adaptable to blended learning and show a stronger willingness to choose this model.
On the other hand, compared with students who have no experience in participating
in blended learning, students with participation experience are more inclined to take
blended courses. This research also shows that students’ attitudes become more positive
after participating in blended learning, and they have formed a clearer understanding
of blended learning. Blended learning meets students’ learning needs well. Students
have experienced the learning effect of blended learning personally and achieved a high
degree of satisfaction. This result conforms to the theoretical explanation of the impact
of such factors as customer expectations, overall perceived quality and perceived value
on customer satisfaction in the customer satisfaction index [23].

Students’ cognition influences their willingness to choose blended learning. People
who hold a positive attitude towards blended learning aremore inclined to attend blended
courses. Statistics in this study indicate that students who think that blended learning has
a good effect, and have gained a lot from it are more inclined to choose blended learning
in their future studies. The technology acceptance model can explain the phenomenon
of college students’ strong willingness to choose blended learning due to their high
recognition of this mode. The model points out that the higher a person’s recognition of
the use of technology to improve their performance, themore inclined they are to use such
technology [24]. Obviously, the cognition of blended learning will affect students’ value
judgment and future choices, which also confirms Ron Owston’s research that students’
attitude towards blended learning is closely related to their academic performance and
curriculum choices [14].

The design of the curriculum structure will affect students’ choice of blended learn-
ing. Whether the blended learning mode can achieve better teaching effect depends on
the curriculum design. The only well-designed curriculum can attract students to par-
ticipate in blended learning. The students’ willingness to participate in different types
of blended learning also depends on the curriculum design. The study finds that sci-
entific and reasonable curriculum design is often favoured by students. In general, the
students hold expectations towards blended learning to change the traditional learning
mode. Students are fond of learning methods with flexibility, free time arrangement and
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diversified curriculum resources. However, students do not want blended learning to
increase their learning tasks and academic burden, which is a challenge to the reform
of education. As Pirkko Jokinen and Irma Mikkonen argued, teachers have to consider
the issue in curriculum design. Only the problems in curriculum design are solved can
students more actively choose and participate in blended learning [25].

Students’ learning needs can also affect their willingness to choose blended learning.
The data shows that students tend to choose blended learning in the fields ofmajor course
learning, preparing for entrance examination such as postgraduate entrance examination
or employment training. Through interviews, it is found that students tend to choose the
face-to-face mode in language learning, and online mode in skills training, respectively.
When students were choosing a learning mode, they will take the following factors into
consideration: which field the knowledge belong to, the degree of mastery required, the
time, effort and cost they need to invest, and the learning outcomes. Although students
are more inclined to choose blended learning for their compulsory subjects, preparing
for an entrance examination or employment training they may have different learning
motivation. Student believe that face-to-face learning can effectively solve their puzzles
and inspire them to think deeply through interaction with teachers when you study their
compulsory subjects. However, Massive Open Online Courses (MOOCs) are rich and
varied, and online courses can support repeated learning,which is conducive tomastering
professional knowledge. When they need to prepare for the entrance examination and
employment, students tend to choose blended learning model as the model seems to be
more efficiently, and also hope to obtain practical experience and suggestions through
face-to-face communication to help them make scientific and reasonable decisions. In
language learning, students generally believe that the greatest difficulty lies in improving
listening and speaking ability and practical application of language. Face to face learning
method is more convenient for the effective interaction between teachers and students
and helps students overcome obstacles in listening and speaking. For the skill training
courses, students are more inclined to use the form of online learning because of its
flexibility and avoidance of conflicts with daily learning activities and its fast-track to
complete the courses within a short time.

6 Conclusion

This paper aims to analyze students’ willingness to choose blended learning and its
influencing factors. As an important measure to optimize the teaching environment,
blended learning not only needs to consider the requirements of the government and the
position of teachers but also needs to listen to the voice of students. In the process of
education, students are no longer passive subjects and have the right to choose learning
model. For colleges and universities, only when they truly understand the demands of
students can they provide appropriate education modes. Therefore, it is necessary to
analyze the demands for blended learning from the perspective of students.

According to the study, althoughmost students have no experience in participating in
blended learning and know a little about it, they generally have a positive attitude to the
blended learning model. Compared with the traditional face-to-face learning, students
believe that blended learning has a better effect and can benefit more from it, reflecting
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that the students’ expectation to change the traditional learning mode. The students’
perceptions of significantly affects their willingness to choose the blended learning
model. Students relatively admiring blended learning are more inclined to choose this
mode in the future. Comparedwith online learning and traditional face-to-face classroom
learning, blended learning can better meet the demands of students for compulsory
courses learning, preparing for postgraduate entrance examination and employment. It
should be pointed out that whether blended learning can achieve better effect depends on
the design of blended courses. Therefore, the teaching reform of colleges and universities
should be guided by the needs of students, scientifically design blended learning to
improve the quality of education.
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Abstract. Teacher self-efficacy of information and communication technology
(ICT) has an important impact on ICT-based teaching. Teacher ICT self-efficacy is
not only influenced by their individual characteristics, but also by various environ-
mental conditions provided by their schools. Studies on teacher ICT self-efficacy
have focused on factors at the teacher level, however, have overlooked school
environments. To investigate the impact of school environments and teacher char-
acteristics on teacher ICT self-efficacy, this study used a multilevel approach to
analyze data from 7629 teachers in 1222 primary and secondary schools in China.
The results show that both teacher-level factors and school-level factors contribute
to K-12 teacher ICT self-efficacy. Among teacher-level factors, teachers’ gender,
ICT use, perceived ease of use of ICT and perceived usefulness of ICTmake a dif-
ference in ICT self-efficacy. Among school-level factors, school type, ICT policy,
and internet access are the important factors that impact teacher ICT self-efficacy.

Keywords: ICT self-efficacy · Influencing factor ·Multilevel analysis · Large
scale survey · Chinese teachers · K-12 education

1 Introduction

The question of how to effectively integrate information and communication technol-
ogy (ICT) into education has received much attention. Some researchers have explored
factors that may influence ICT-based teaching, such as access to technology [1], attitude
towards technology [2] and ICT self-efficacy [3]. Among these factors, teacher ICT
self-efficacy, which can be understood as their person-al judgment about their capability
to adopt ICT to teaching practice [3, 4], plays an important role in improving ICT-based
teaching [5, 6]. Teachers with high ICT self-efficacy express greater personal interest in
web-based professional development opportunities to improve their ICT teaching [7].
These teachers are often more confident in using ICT for teaching, and more frequently
use ICT in teaching activities and often tend to think of how to achieve effective integra-
tion of ICT and curriculum in ICT-based lesson designs in class [8]. Improving teacher
ICT self-efficacy may enhance the quality of ICT-based teaching [6].

Identifying factors that influence teacher ICT self-efficacy in teaching practice is
of great importance. Researchers have explored the influencing factors of teacher self-
efficacy in using ICT in the classes [6, 9], however, some findings remain inconsistent.
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For example, López-Vargas et al. surveyed 208 teachers in Colombia and found a signif-
icantly negative association between the age and computer self-efficacy of teachers [9].
Anna and Dina, however, surveyed 367 teachers in the Republic of Cyprus and indicated
that age is not related to teachers’ confidence level in exploiting ICT for teaching [10].
This may be because teachers are in different teaching and ICT contexts (e.g., schools,
resources, and policy constraints) [11, 12]. Indeed, some researchers have found that
school-level environment may impact the thought, perception, attitude and behavior of
teachers, and therefore may influence their ICT self-efficacy [5, 13].

Studies on factors influencing ICT self-efficacy are mostly focused on teacher-level
factors,while theyoverlook the larger educational and social contexts [11, 14]. Therefore,
to comprehensively explore the influencing factors of teacher ICT self-efficacy, this study
investigates both school-level and teacher-level factors using a multilevel method. The
result of this study has positive significance for improving teacher ICT self-efficacy and
facilitating teacher ICT-based teaching.

2 Theoretical Background

2.1 ICT Self-efficacy

ICT self-efficacy is rooted in self-efficacy, which was proposed by Bandura [15]. Self-
efficacy is defined as a personal judgment about one’s capability to adopt certain behav-
iors and actions to accomplish certain objectives and expected outcomes [14, 15]. It can
enhance human accomplishment and well-being, help determine how much effort peo-
ple will expend on a behavior, how long they will persevere when confronting obstacles
and how resilient they will be in face of adverse situations. ICT self-efficacy is based on
a formed sense of self-efficacy and represents its fundamental elements applied in the
field of use and mastery of ICT. In this case, Aesaert and van Braak defined ICT self-
efficacy as personal self-perceived measure of ICT competence [16]. In this study, ICT
self-efficacy is considered as the personal judgment about one’s competence to adopt
ICT to teaching practice.

2.2 Factors Related to ICT Self-efficacy

Teacher ICT self-efficacy develops through the compound effects of factors at school and
teacher levels, and school-level factors provide conditions for the operation of teacher-
level factors [17]. Following the previous studies, teacher level factors are categorized
into background and ICT-related factors, and school level factors are categorized into
structural and cultural factors [11, 12]. These four types of factors are discussed in the
following.

Teacher Background Factors. Teacher background factors include gender and age.
Research has not produced conclusive results about the relationship between gender
and ICT self-efficacy [16]. For example, Durndell and Haag found males tend to report
greater computer self-efficacy than females [18], while Sang et al. proposed there is
no significant difference between male and female preservice teachers’ computer self-
efficacy [19]. Findings concerning age are also inconsistent. For example, Liang andTsai
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found that age negatively affects Internet self-efficacy [20]; on the contrary, Tondeur et al.
indicated age is not related to self-perceived ability to use ICT [21].

Teacher ICT-Related Factors. ICT use, perceived ease of ICT use and perceived use-
fulness of ICT are regarded as important factors that influence ICT self-efficacy. ICT use
refers to teachers’ use of specific ICT applications in teaching. Perceived ease of ICT
use means the extent to which teachers feel comfortable about using computers, while
perceived usefulness of ICT means how helpful teachers think of ICT. Mcilroy et al.
suggested that people who regularly use ICT have higher self-efficacy than those who
do not [22]. Tondeur et al. found that teachers’ attitudes towards ICT ease of use has a
positive impact on their perceived ICT competence for educational practice [21]. Aesaert
and van Braak indicated that ICT attitudes, including computer interest, confidence, and
perceived usefulness, have a significant impact on ICT self-efficacy [16].

School Structural Factors. School structural factors, such as school type and ICT
infrastructure and access may influence ICT self-efficacy. Hsu investigated the rela-
tionship between school type and teacher ICT self-efficacy and indicated that primary
school teachers have higher self-efficacy in applying ICT to producing teaching materi-
als and communicating [23]. Furthermore, ICT equipment and access (e.g., computers
and Internet) provided by schools is a key factor in ICT integration, which seems tomake
a difference in ICT self-efficacy [16]. I. K. R. Hatlevik and Hatlevik found that lack of
facilitation for using ICT by schools has a negative effect on teacher ICT self-efficacy
[6].

School Cultural Factors. School cultural factors refer to school support for integrated
ICT into teaching, including ICT policy and ICT related training. While research inves-
tigating the relationship between school cultural factors and teacher ICT self-efficacy
is scarce, some researchers have investigated the impact of ICT policy on teachers’
perceived ICT competence. For example, Tondeur et al. found teachers’ perceptions
of policy-related factors are significantly associated with ICT integration and teachers’
usage of ICT, whichmay influence teachers’ perceived ICT competence [12]. In addition
to ICT policy, ICT related training may improve teacher ICT self-efficacy. For instance,
Goktas and Demirel suggested the Blog-enhanced version of the ICT training course
have a positive influence on teachers’ perceived ICT competence [24].

2.3 The Conceptual Framework

Drawing from previous research, we found that various factors at the school level and
teacher level have a potential direct impact on teacher ICT self-efficacy. At the teacher
level, teacher background factors and teacher ICT-related factors were considered. More
specifically, teacher background factors included gender and age, and teacher ICT-related
factors consist of ICT use, perceived ease of use of ICT and perceived usefulness of ICT.
At the school level, school structural factors and school cultural factors were considered.
In terms of school structural factors, school type, ICT infrastructure and access were
involved. Concerning school cultural factors, ICT policy and ICT related training were
included. In conclusion, to better understand the unique contribution of different factors
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to teacher ICT self-efficacy, this study has developed a conceptual framework which
addresses the impact of a range of teacher-level factors and school-level factors on
teacher ICT self-efficacy (see Fig. 1).

Fig. 1. A conceptual framework of the potential factors influencing teacher ICT self-efficacy.

3 Method

3.1 Participants

A sample of 7629 teachers from 1222 primary and secondary schools in China par-
ticipated in the study. Of the schools, 54.8% were primary schools and 45.2% were
secondary schools. Moreover, 51.6% teachers (N = 3939) taught grades 1–6 in 670
primary schools and 48.4% teachers (N = 3690) taught grades 7–12 in 552 secondary
schools. Of the teachers, 38.7% were male and 61.3% were female. The teachers’ age
ranged from 21 to 60 years old, with an average age of 37.73 (M = 37.73, SD = 7.95).
On average, teachers had 15.62 (M = 15.62, SD = 8.85) years of teaching experience,
with a minimum of 1 and a maximum of 43 years. The subjects the teachers taught were
as follows: Languages accounted for 23.7%, Arts accounted for 27.2%, Human Sciences
accounted for 14.7%, and Mathematics and Sciences accounted for 34.4%.

3.2 Instruments

A survey was conducted to explore the impact of teacher-level factors and school-
level factors on teacher ICT self-efficacy. The survey included two questionnaires:
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one was used to gather information about teacher ICT self-efficacy and teacher-related
characteristics, and the other was used to collect information about school-related
characteristics.

Teacher ICT Self-efficacy. In the study, teacher ICT self-efficacy was investigated by
eight 5-point Linkert items ranging from 1 (strongly disagree) to 5 (strongly agree). The
ICT self-efficacy scale was adapted from Aesaert et al. [17]. An example item is “I am
convinced that I can master the skills of ICT and curriculum integration.” The scale
showed a good internal consistency (α = 0.97).

Teacher-Related Characteristics. In terms of teacher background characteristics, gen-
der and age were investigated by multiple choice items. In terms of teacher ICT-related
characteristics, ICT usewas delineated into two categories: supportive ICT use and class-
room ICT use [25]. Supportive ICT use, classroom ICT use, ICT ease of use, and ICT
usefulness were investigated by 5-point Linkert items, and themore detailed information
is shown below.

• The supportive ICT use scalewas adapted fromvanBraak et al. [25], and the scale con-
sisted of six 5-point Likert items (never, every term, monthly, weekly, daily). Internal
consistency was determined by calculating Cronbach’s alpha (α = 0.71).

• The classroom ICT use scale was adapted from van Braak et al. [25], and the scale
included four 5-point Likert items (never, every term, monthly, weekly, daily). The
internal consistency of the scale was good (α = 0.82).

• The ICT ease of use scale was adapted from Hwang et al. [26]. The scale included six
5-point Likert items (strongly disagree, disagree, neither agree nor disagree, agree,
strongly agree). The internal consistency was determined by calculating Cronbach’s
alpha (α = 0.96).

• The ICT usefulness scale was adapted from Hwang et al. [26]. The scale consisted of
six 5-point Likert items (strongly disagree, disagree, neither agree nor disagree, agree,
strongly agree). Calculation of Cronbach’s alpha reflected a high level of internal
consistency (α = 0.95).

School-Related Characteristics. At the school level, ICT policy, ICT related training,
school type, ICT infrastructure and access were investigated by multiple choice items,
and detailed information is shown in Table 1. In detail, ICT policy refers to teachers’
ICT competence standard policy; ICT infrastructure and access is about computers and
internet.

3.3 Data Analysis

Since the school-level characteristicsmay influence the teacher-level characteristics [25],
the participants of the study were not considered as completely independent. In other
words, the 7629 teachers (level 1) of this study were nested in 1222 schools (level 2)
and the data has a hierarchical structure. Hierarchical linear modelling (HLM) takes the
nested nature of the data into consideration and can avoid statistical and interpretational
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Table 1. Description of school-related characteristics.

School-related characteristics Description

Cultural characteristics

ICT policy

- ICT competence standard The number of policies related to teachers’ ICT competence
standard

ICT related training ICT related training hours per teacher in the past year

Structural characteristics

School type Primary school or secondary school

ICT infrastructure and access

- Computers The ratio of computers to teachers numbers

- Internet Internet bandwidth

problems [27]. Two-level hierarchical linear modelling was employed to explore both
teacher and school-level factors that influence teacher ICT self-efficacy. The effects of
teacher ICT-related characteristics, teacher background characteristics, school cultural
characteristics, and school structural characteristics on teacher ICT self-efficacy were
investigated. Adopting HLM, five models were tested: First, a null model without any
explanatory variables was estimated to investigate whether differences in teacher ICT
self-efficacy could be found at the teacher level and the school level. In the subsequent
models, teacher ICT-related characteristics, teacher background characteristics, school
cultural characteristics, and school structural characteristics were added as explanatory
variables respectively. During the process, the non-significant factors were deleted from
the models before a subset of new variables were added to the models.

4 Results

The analysis of the null model reveals whether it is essential to explore the effects of
teacher ICT self-efficacy at multiple levels. In the following steps, teacher-level and
school-level factors were added step by step to the model. In this study, only the detail
results for the null model and the final model are discussed in the following.

4.1 Null Model

The results of the null model showed that both the within-school variance (teacher level
= 0.228, χ2 = 86.919, p< .001) and between-school variance (school level= 0.241, χ2

= 9327.609, p < .001) differs significantly from zero. This indicated that it is essential
to explore the effects of teacher ICT self-efficacy from two levels. Moreover, the results
of the intraclass correlation coefficient (ICC) indicated that 51.4% of the variance in
K-12 teacher ICT self-efficacy is attributed to differences between schools (ICC =
0.241/(0.241 + 0.228) = .514), whereas 48.6% of the variance is due to differences at
the teacher level.



Identifying Multilevel Factors Influencing ICT Self-Efficacy 309

4.2 Final Model

After all of the non-significant factors were moved, the final model was presented in the
study. As shown in Table 2, in the final model, both teacher-level and school-level factors
have an impact on ICT self-efficacy. In detail, the relationship between each factor and
ICT self-efficacy will be described in four aspects—teacher ICT-related factors, teacher
background factors, school cultural factors, and school structural factors.

Table 2. Model estimates for the two-level analysis of teacher ICT self-efficacy.

Null model Final model

Fixed effect

Intercept (cons) 4.168 (0.015) *** 3.848 (0.077) ***

Teacher ICT-related factors (level 1)

Supportive ICT use 0.030 (0.013) *

Classroom ICT use 0.029 (0.014) *

ICT ease of use 0.565 (0.018) ***

ICT usefulness 0.301 (0.021) ***

Teacher background factors (level 1)

Gender (man) 0.025 (0.007) ***

Age –

School culture factors (level 2)

ICT policy: ICT competence standard 0.159 (0.030) ***

ICT related training –

School structure factors (level 2)

School type −0.101 (0.029) ***

ICT infrastructure and access: computers –

ICT infrastructure and access: Internet 0.097 (0.025) ***

Random effect

School level (between) 0.241 (0.491) *** 0.266 (0.516) ***

Teacher level (within) 0.228 (0.477) *** 0.045 (0.212) ***

Model fit

Deviance statistics 12682.085 5029.690

χ2 7652.39533

df 28

P <.001

Reference Null model

*p < 0.05, **p < 0.01, ***p < 0.001.
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All of the teacher ICT-related factors had a significant impact on teacher ICT self-
efficacy. In terms of the relationship between teachers’ usage of ICT and teacher ICT
self-efficacy, both supportive ICT use (B= 0.030, t= 2.271, p< .05) and classroom ICT
use (B = 0.029, t = 2.134, p < .05) had positive impacts on teacher ICT self-efficacy.
Another two factors were about teachers’ beliefs: teachers’ perceived ease of use of ICT
and perceived usefulness of ICT. Both perceived ease of use of ICT (B = 0.565, t =
31.007, p < .001) and perceived usefulness of ICT (B = 0.301, t = 14.639, p < .001)
had strong impacts on teacher ICT self-efficacy.

Regarding teacher background factors, teachers’ age had no significant influence on
ICT self-efficacy. While gender (B = 0.025, t = 3.660, p < .001) seemed to make a
difference in teacher ICT self-efficacy—male teachers had higher ICT self-efficacy than
female teachers.

With regard to school cultural factors, ICT related training hours did not seem to be
related to teacher ICT self-efficacy. However, ICT competence standard as an ICT policy
(B= 0.159, t = 5.316, p < .001) could significantly influence teacher ICT self-efficacy.

In terms of school structural factors, the relationship between various factors related
to ICT infrastructures and self-efficacy is different. Internet access (B= 0.097, t= 3.844,
p< .001) had a significant impact on teacher ICT self-efficacy. On the contrary, the ratio
of the numbers of computers to teachers had no significant relationship with teacher ICT
self-efficacy. In addition, school type (B = −0.101, t = −3.473, p < .001) influenced
teacher ICT self-efficacy significantly. Primary school teacher ICT self-efficacy was
higher than that of secondary school teachers.

5 Discussions

This study explored the impact of school and teacher level factors on the ICT self-efficacy
of K-12 teachers. The results revealed a significant amount of variance at the school level
explained teacher ICT self-efficacy, indicating that the ICT self-efficacy of teachers is
not only influenced by individual factors but also influenced by factors that are related
to the school environments. The effects of school and teacher level factors on teacher
ICT self-efficacy are discussed below.

5.1 Teacher-Level Factors and Teacher ICT Self-efficacy

Teacher ICT self-efficacy is influenced by their teaching behavior, belief and background
characteristics [28]. This study examined the relationship between these factors and
teacher ICT self-efficacy. We found that teachers’ usage of ICT, perceived ease of ICT
use, perceived usefulness of ICT, and gender have significant impacts on their ICT
self-efficacy. However, age is not related to teacher ICT self-efficacy.

ICT use is an important factor at the teacher level. This study used the supportive
ICT use scale and the classroom ICT use scale to measure teachers’ usage of ICT. We
found both supportive ICT use and classroom ICT use have positive impacts on teacher
ICT self-efficacy. This result suggests that as long as ICT is used for teaching, it could
improve teacher ICT self-efficacy. This was consistent with the previous finding [14],
which suggested that using software for educational purposes contributes substantially
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to an increase in computer self-efficacy. Teachers who often use ICT to assist teaching
may be more proficient in using ICT and feel that the integration of ICT and teaching is
not very difficult.

As for teachers’ perceived ease of ICT use and perceived usefulness of ICT, the
findings indicated that the easier teachers perceive the usage of ICT, the higher their ICT
self-efficacy will be. Similarly, the more useful teachers perceive the usage of ICT, the
higher their ICT self-efficacy will be. These positive relationships are consistent with
previous studies [12, 21]. When teachers believe that the use of ICT is easier and more
useful, they aremorewilling to use ICT [29], which in turn strengthens their self-efficacy.

In terms of teachers’ background characteristics, gender is a strong predictor of
teacher ICT self-efficacy.Male teachers have higher ICT self-efficacy than female teach-
ers. This finding supports the previous finding that male’s self-reported scores on com-
puter self-efficacy are higher than female’s [18]. On the contrary, teachers’ age has no
significant impact on ICT self-efficacy. Similarly, Gil-Flores et al. found when teacher
ICT-related factors are considered, age turn out to be irrelevant in explaining ICT use
[13].

5.2 School-Level Factors and Teacher ICT Self-efficacy

The findings indicated school type, ICT competence standard policy, and internet access
have significant impacts on teacher ICT self-efficacy, while ICT-related training and the
ratio of the number of computers to teachers have no significant impact on teacher ICT
self-efficacy.

School type seems to have an impact on teacher ICT self-efficacy. The findings
indicated that primary school teachers have higher ICT self-efficacy than secondary
school teachers. Hsu and Kuan also found that junior high school teachers do not request
students or parents using ICT as often as teachers in elementary school do [11]. A
possible reason is that secondary school teachers bear much higher evaluation pressure
than primary school teachers do, which makes their usage of ICT is lower than primary
school teachers. Then less ICT use leads to weaker ICT self-efficacy.

Findings of the current study showed that the policies of teachers’ ICT competence
standard have great influences on teacher ICT self-efficacy. Similarly, Tondeur et al.
indicated that teachers’ perceptions of policy-related factors are significantly associated
with teachers’ usage of ICT [12]. The reason for the result may be that ICT competence
standard policies could help teachers recognize their ICT competence more easily and
support teachers’ evaluation of their ICT self-efficacy.

ICT related training duration is not significantly associated with teacher ICT self-
efficacy in this study. More specifically, it is a noteworthy finding that hours of ICT
related training are not a predictor of teacher ICT self-efficacy. Similarly, Paraskeva
et al. found that there is no correlation between previous training in computer use and
computer self-efficacy [14]. Moreover, they think one of the possible reasons is that the
way teachers are trained is not appropriate. As such, future research should use more
factors to measure the effectiveness of ICT related training, such as training strategies.

In terms of ICT infrastructure and access, internet access has a significant impact on
teacher ICT self-efficacy. The finding is in line with the previous study [11], which found
that internet connectivity is essential to teacher’s ICT integration. Insufficient bandwidth
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at school maymake teachers feel that ICT teaching is not so easy or useful, which affects
their ICT self-efficacy. On the contrary, computers have no significant impact on teacher
ICT self-efficacy. Gil-Flores et al. found that computers for instruction do not display
a statistically significant relationship with ICT use [13]. One possible reason is that if
teachers only have computers and lack other information devices (e.g., software and
tablets), they cannot carry out ICT-related teaching activities.

6 Conclusion

Currently, research on teacher ICT self-efficacy has focused almost exclusively on
teacher-related characteristics but overlooked the larger educational and social context
such as the school-level characteristics. The purpose of this study was to explore the
extent to which certain teacher-level and school-level factors were associated with K-
12 teacher ICT self-efficacy. To this end, factors were extracted from previous studies
and classified into teacher-level factors (e.g., teacher ICT-related factors and teacher
background factors) and school-level factors (e.g., school cultural factors and school
structural factors). A multilevel analysis method was used to analyze the nest structural
data of teachers’ and schools’ characteristics. The results indicated that K-12 teacher
ICT self-efficacy should be considered as a two-level (teacher level and school level)
phenomenon. In addition, at the school level, what matters the most is whether the devel-
opment of teachers’ ICT competence is considered in school policies, in other words,
whether teachers receive encouragement and drive from the school.

There are some limitations with the current research. Firstly, the multilevel research
on teacher ICT self-efficacy is a cross-sectional study, which means all the information
is gathered at one single point of time. Future research along these lines could adopt a
longitudinal approach to track changes of school-level factors and teacher-level factors
related to ICT self-efficacy. Secondly, all information collected from teachers were self-
reported data. Such a measurement may weaken the reliability of the results. Further
research should try to measure teachers’ characteristics more objectively. Finally, why
the factors that were found in this study promote or hamper teacher ICT self-efficacy has
not been fully analyzed. In other words, in-depth research (e.g., in-depth interview) is
needed to unravel the reasons why the factors impact teacher ICT self-efficacy. In spite
of these limitations, this study adds to the research on ICT self-efficacy, as it explores
factors related to K-12 teacher ICT self-efficacy from a multilevel perspective.
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Abstract. There has been a lack of theoretically framework and research instru-
ments to explain and explore the complexity of learning experience among K-12
students in traditional classrooms. To address this research need, the present study
tentatively developed and validated a presence questionnaire for K-12 classroom
(PQ-K12) to examine learning experience through the interplay of three perceived
presences, as informed by the community of inquiry (CoI) framework. The pres-
ence questionnaire was initially designed with 66 items and was administered
among 200 primary school students in central China. A three-step validation pro-
cess comprising item analysis, exploratory factor analysis, and confirmatory factor
analysis were conducted sequentially, leading to the removal of 21 items from the
overall scale. The revised questionnaire yielded a strong internal reliability and
a moderate structural validity. The preliminary results of this study can inform
the future revision of the PQ-K12 questionnaire and provide insights on the key
characteristics of K-12 education.

Keywords: K-12 education · Learning experience questionnaire · Instrument
validity · Community of inquiry · Exploratory factor analysis

1 Introduction

Students’ perceived learning experience is an important construct for measuring the
meaningfulness of learning outcome from student perspective [1] and can inform the
optimal design of instruction in that specific context [2]. As suggested by humanistic
educational theories [3], learners are legitimate and important source for evaluating their
own learning, and the development ofmeaningful understanding of the self and perceived
changes is an equally important educational goal. As a result, it is argued that to advance
our understanding of education, a coherent theoretical framework must be developed to
guide investigations into the research and practice of teaching and learning regardless
of educational levels, tasks, and contexts.

Our review of recent literature has identified several theoretical frameworks for mea-
suring the learning experience in the context of online higher education, which becomes
increasingly popular for its convenience and accessibility for colleges worldwide [4].
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The most recognized framework is the community of inquiry (CoI) framework that
employs a social-constructivist perspective to conceptualize online learning experience
and suggests it unfolds in the interaction of three types of perceived presences [5]. Since
its inception, the CoI framework and the subsequent survey instrument were exten-
sively investigated with the assumptions of validity being empirically validated across
disciplines [6].

While the CoI framework is widely acknowledged for its potential for measuring
learning experience and diagnosing pedagogical design, it was developed for the unique
context of online higher education [5] rather than the context of basic education that is
mainly face-to-face. As a result, there has been a lack of theoretically sounding frame-
work and research instruments to explain and explore the complexity of learning expe-
rience among K-12 students in traditional classrooms, and thus little is known regarding
how higher-order thinking and social discourse are fostered in those classrooms.

With the belief that the key assumptions of CoI on social-constructivism and mean-
ingful learning approaches still apply for basic education in traditional classrooms, this
study attempted to extend the CoI framework to K-12 educational settings by designing
and validating a learning experience questionnaire with expanded and slightly adjusted
items informed by the CoI survey instrument [7]. The study results can cast insights on
the applicability of the CoI framework in K-12 settings and can also provide an empiri-
cally validated self-assessment instrument that researchers can use to appraise learning
process and diagnose pedagogical problems.

2 Theoretical Foundation

The development of the initial questionnaire was guided by the CoI framework proposed
by Garrison et al. [8]. The framework guides the examination of the learning experience
in terms of three types of perceived presences: teaching presence, social presence, and
cognitive presence. The subcategories and content of the three dimensions are listed in
Table 1 and are explained in below.

2.1 Dimension I: Teaching Presence

Teaching presence refers to the learners’ perception of teaching behaviors to promote the
achievement of learning goals and individual meaningful learning or outcomes. In K-12
settings, Due to their younger age, students lack the corresponding self-management
skills and need teachers to help manage learning. Management is an important part
of teaching. Therefore, this study added a management subcategory to conceptualize
teaching presence as having four components based on Anderson, Rourke, Garrison, and
Archer’s study [9]: (1) Instructional design and organization, refers to the perception of
teachers designing, planning, and implementing a course. Its core is everything related
to the teaching process, such as teaching goals, teaching activities, teaching content,
etc. In K-12 settings, too many or too complex teaching activities may exceed students’
cognition, so teaching design and organization should be simple and easy to understand.
(2) Facilitating discourse (originally called “building understanding”), it means that
the teacher adopts a series of strategies to ensure students’ interest, motivation, and
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Table 1. The three-dimensions of perceived presence in K-12 education

Dimension Subcategory and content

Teaching presence • Design and organization [9]
- Instructional content design
- Manage teaching activities
- Achieve teaching goals
• Facilitating discourse [9]
- Keep students involved
- Stimulate student interest
- Focus on discussion activities
• Direct instruction [9]
- Delivery of instructional content
- Provide Feedback
• Management
- Maintain class discipline
- Ensuring effective activities

Social presence • Affective response [10]
- Share something
- help others
- Play with others
• Interactive response [10]
- Agree or disagree others
- Friendly interaction
- Praise others
• Cohesive response [10]
- Sense of belonging
- Tendency of collaboration

Cognitive presence • Triggering event [11]
- Desire for knowledge
- Positive thinking
• Exploration [11]
- Active inquiry
- Think about different perspectives
• Integration [11]
- Ability to analyze, integrate and summarize knowledge
- Reflection and discussion
• Resolution [11]
- Use knowledge to solve problems
- Applying knowledge to life

participation in active learning. It emphasizes keeping students focused and engaged.
K-12 education is different from online education. It puts more emphasis on face-to-
face engagement in discussions, which was not emphasized in the CoI framework. (3)
Direct instruction, it means that teachers can use their professional knowledge to deliver
instructional content to students. InK-12 settings, it ismore about strategies that facilitate
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face-to-face knowledge transfer. (4) Management, it means that teachers adopt some
strategies tomaintain classroomorder to ensure the implementationof teaching activities.
Management is a key part of K-12 education. Teachers use teaching management to help
students overcome learning difficulties in the teaching process.

2.2 Dimension II: Social Presence

Social presence is the ability of participants to identify with the community (e.g.,
course of study), communicate purposefully in a trusting environment, and develop
inter-personal relationships by way of protecting their individual personalities [10]. The
categories of social presence are affective expression, interactive response, and cohesive
response. Affective expression refers to the feeling of intimacy, warmth, and belong-
ing that students experience during social interaction. Interactive response is the ability
to support or oppose the opinions and actions of others during the learning process.
Cohesive response refers to a kind of emotion generated during the interaction between
students and peers, which can shorten the psychological distance between students.

However, social presence in K-12 settings differs from the online higher education
in learning environment and student age. In K-12 education, teachers mainly apply
face-to-face teaching mode. Compared with online education, students in face-to-face
teaching can easily feel the presence of classmates. Therefore, social presence in face-
to-face instruction has new implications. Students in face-to-face classroom need to be
encouraged to care about their peers and teachers during social collaboration in explicit
and implicit forms. In addition, K-12 students are younger than college students, thus
their social presence focused more on a sense of collectiveness. They also hope to feel
warmth during the learning process and crave for the attention of teachers and peers.

2.3 Dimension III: Cognitive Presence

Cognitive presence refers to the ability of learners to build a cognitive level of mean-
ing through continuous communication during the learning process. Garrison et al. [11]
argued that cognitive presence in online learning is developed as the result of a four-
phase process. These phases are: (1) a triggering event, where the desire to explore
further knowledge; (2) exploration, where students can actively explore learning knowl-
edge; (3) integration, where students can analyze, integrate and summarize knowledge
(4) resolution, where students can use knowledge to solve problems. It is argued that
participant interactions primarily reside in the first two phases and that moving beyond
the exploration phase typically requires enhanced teaching presence to promote higher-
level thinking among students [12, 13]. We believe cognitive presences in the K-12
settings and online higher education setting share plenty of similarities. For instance,
they all want to stimulate students’ interest in learning and be able to actively explore new
knowledge. They all agree about the importance of higher-order thinking and knowledge
transfer. Therefore, the assumptions of cognitive presence in the CoI framework also
apply to the K-12 settings.

However, Shea and Bidjerano [14] suggest that presence included not only teach-
ing, cognition and social presence, but also learning presence. They believe that learning
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presence represents self-efficacy and other cognitive, behavioral, andmotivational struc-
tures that support self-regulation in online learning. They also believe that learning the
existence may help to gain a more comprehensive understanding of the construction of
knowledge in a technology-mediated environment, thereby expanding the descriptive
and explanatory power of the CoI framework [15]. From the description of learning
presence, we believe that the essence of learning presence is to better measure students’
cognition, which is consistent with cognitive existence. Therefore, we decided to keep
the original three dimensions of CoI to explore learning experience in K-12 education.

3 Questionnaire Design and Validation

3.1 Initial Questionnaire Design

Based on the aforementioned CoI framework, this study tentatively developed a pres-
ence questionnaire for K-12 classroom (PQ-K12) to examine learners’ presence in K12
educational contexts. The questionnaire consists of four parts with a total of 66 initial
questions. Part one includes 2 items that collect learners’ personal data such as grade
and school type. Part two includes 23 five-point Likert scale items that have learners rate
statements regarding the four components of teaching presence as previously discussed.
Part three of the questionnaire consists of 24 five-point Likert scale items, asking learners
about the perceived social presence. Part four of the questionnaire includes 17 five-point
Likert scale items, having learners rate statements regarding the four components of cog-
nitive presence as previously discussed. The specific items and the measured constructs
are shown in Fig. 1.

3.2 Questionnaire Validation

To ensure PQ-K12 with desirable survey reliability and validity, we conducted a pilot
validation research and administered the initial questionnaire among 8 different elemen-
tary schools located in a city township in central China due to their representativeness
of ordinary K-12 schools in China. A total of 189 valid questionnaires were collected,
the majority of which were grade 3 and 4 students (63.5%), the rest were grade 5 and 6
students (36.5%). The questionnaire was distributed on site and immediately collected.
Three major procedures of data analysis were conducted in this study: item analysis,
exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). Data collected
were analyzedwith SPSS forWindowsVersion 19.0. Item analysis was conducted first to
ensure the reliability and quality of all the items of the PQ-K12, the items failed to meet
the standards were deleted and data analysis in latter phases. Then exploratory factor
analysis was conducted to further reduce items and verify the structure of the PQ-K12,
the expected number of items was around 40 in order to leave space for further research.
Finally, confirmatory factor analyses were employed to confirm the fit of the items con-
tributing to its intended factors using AMOS (version 21.0), and the Cronbach’s alpha
was computed to ensure the internal consistency among the items.
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Fig. 1. The relationship between the Initial PQ-K12 items and the three types of presences.

3.3 Item Analysis

To ensure the quality of PQ-K12 questions, it should possess enough discriminating
power and each item should be congruent with the overall PQ-K12 testing objectives.
First, the critical ration method was used to divide the items into high scoring group and
low scoring group: total scores of all items were calculated, and then 27% of the highest
and lowest scorers were selected into two groups. The independent sample t-test was
used to compute the discrimination between the two groups in each item. According to
the significance and t value in this analysis, there were two items with t value below
3.0, if the t value is less than 3.0, it is considered that the discrimination is not up to the
standard and should be deleted. Then, the correlation between each item and the total
scores of the questionnaire was compared. Pearson correlation coefficients of all items
ranged from 0.269 to 0.631, with 14 items yielding Pearson correlation coefficient lower
than 0.4, indicating that they had no strong correlation with the total score. Those 14
items also contained the two items with t value less than 3.0, therefore were removed
before the exploratory factor analysis.

3.4 Exploratory Factor Analysis

After removing 14 items that did not meet the standard of item analysis, exploratory
factor analysis was conducted on the remaining 50 items. The correlation matrix showed
that the questionnaire data were suitable for factor analysis with large correlation values
mostly higher than 0.45. Bartlett’s test of sphericity (v2= 5117.65, df= 2016, p< .001)
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and the Kaiser-Meyer-Olkin (KMO) measure (KMO= 0.848> 0.8) also indicated that
the statistical assumptions of EFA were met in this study. Based on the exploratory
factor analysis results, items with small factor loading values and part of items with
cross-loading were deleted. In order to further optimize the questionnaire in the later
stage, after more than 20 attempts of deleting questions, 7 items (C2_5, s3_5, s3_6, s2_6,
t2_5, s3_2, s1_7)were removed successively, and thus 43 itemswere finally retained. The
results of component rotationmatrix are shown inTable 1, factor loading value lower than
0.4 are not shown in the component column. As shown in the table, the three extracted
components were considered as cognitive, social and teaching presence, as indicated
by the guiding theoretical framework. There are some misplaced items between the
components of social presence and teaching presence. As a result, the correctly assigned
items were marked with “x” in the mark column, whereas the misplaced items were
marked with “-”, suggesting the presence measured by the items were not what they
were initially designed to measure (Table 2).

3.5 Confirmatory Factor Analysis

AfterEFA, the test consisted of 43 items and its internal reliabilitywas 0.939, asmeasured
by Cronbach’s alpha. we extracted three components from EFA results to construct
the entire questionnaire model and 3 one-factor models to verify the fit between the
questionnaire structure and the guiding theoretical framework. There were 13 items
in teaching presence dimension, and 15 items each for social presence and cognitive
presence dimension. Then confirmatory factor analyses were employed using AMOS.
Based on the confirmatory factor analysis results, the Goodness of Fit Index (GFI),
Bentler’s Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) of each one-factor
model were greater than 0.9, but the fit measures for the PQ-K12 model were lower
than 0.9. Models with GFI, CFI and TLI values greater than 0.9 are considered as an
acceptable fit, meaning the one-factor model has obtained acceptable fit index values,
however, the PQ-K12 model is not acceptable with this result, we speculate that this
result is due to some external factor such as insufficient sample size or, confusing item
descriptions, or unclear theoretical construct. The results of Cronbach’s alpha and the
confirmatory factor analysis results are presented in Table 3.
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Table 2. Dimension verification results of the intial PQ-K12 items based on component rotation
matrix

Items Match Cognitive presence Social presence Teaching presence

c3_5. I often analyze, compare and summarize in class × .729

c4_4. I know how to apply what I learned in class to real life × .697

c4_3. I overcame the difficulty well and successfully completed the
study task

× .605

c2_4. Discussions in and out of class can help me understand the
classmates’ point of view

× .583

c1_3. The content and activities in class often arouse my thinking × .543

c3_4. In order to finish the task better, I adopted different information
and perspectives

× .524

c4_2. I found a solution to the learning problem given in class and was
able to solve it

× .521

c1_1. The teacher’s questions in class increased my interest in the
content

× .514

c4_1. I was able to clearly describe how to solve the learning problems
given in class

× .500

c3_2. Learning activities was able to help me solve problems × .465

c2_3. Search information was able to help me solve problems × .446

s3_7. My classmates and I were able to work together to finish the task – .427

c3_3. The discussion and reflection were able to help me better
understand the content of this lesson

× .425

c3_1. Combined with the new knowledge, I was able better answer the
questions in class

× .416

c2_1. I was willing to take the initiative to explore issues in class ×
s2_2. My ideas were able to get the support of others in study × .629

s2_1. I would supported others’ point of view in the study × .601

s1_9. I was willing to take the initiative to share my views with my
classmates in study

× .572

t3_3. Teacher was able to help us focus our discussion and solve
problems in study

– .566

t3_6. The teacher was able to summarize and summarize our speech or
discussion

– .557

t2_6. The teacher was able to guide us through the discussion during
the group discussion

– .544

s1_10. Students were willing to communicate with me in study × .518

s2_3. I thought about what other people think in study × .516

t2_7. The teacher was able to encourage us to take an active part in the
discussion during the group discussion

– .478

s1_8. When I argued with my classmates, I could talk with my
classmates gently

× .416

c2_2. I was willing to find all kinds of materials to solve problems in
study

–

s1_6. The teacher can spoke to me in a gentle voice ×
t3_1. The teacher could tell me my examination and assignment result
in time

–

s3_1. I know everyone in our class – .618

t1_2. The teacher was able to tell us the curriculum goals clearly × .573

t2_3. The teacher was able to point out my shortcomings during the
group discussion

× .561

(continued)
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Table 2. (continued)

Items Match Cognitive presence Social presence Teaching presence

t3_4. When I had difficulty in my study, the teacher could provide
useful help

× .407 .517

c1_2. Activities in class can arouse my curiosity − .493

t1_6. The teacher was able to organize quizzes × .476

t2_4. The teacher could help us solve the problem during the group
discussion

× .470

t4_3. When I had a conflict with my partner, the teacher was able to
mediate in time

× .468

s1_4. I was willing to share some things in my life with my classmates – .468

t1_1. The teacher could tell us the content of the lecture clearly × .455

t3_2. The teacher was able to tell me my strengths and weaknesses × .454

t4_1. The teacher could maintain the class order very well during the
group discussion

× .444

s2_5. I was willing to ask my classmates for advice in study – .417

t4_2. When my mind wandered, the teacher was able to remind me by
word, gesture or eye contact

×

s1_5. I was very happy when teacher praised me in class –

Table 3. The results of Cronbach’s alpha and the confirmatory factor analysis

Model Reliability GFI CFI TLI

PQ-K12 0.939 0.778 0.835 0.826

Teaching presence 0.838 0.915 0.917 0.904

Social presence 0.846 0.931 0.939 0.927

Cognitive presence 0.885 0.918 0.944 0.934

4 Discussion and Conclusion

In this study, we developed a presence questionnaire for K-12 classroom (PQ-K12)
that can be used to evaluate teaching and learning process in traditional classroom.
Data analysis results prompted us to delete 21 items from original questionnaire, which
ensures a strong reliability and structural validity (Cronbach’s a = 0.939) for PQ-K12,
which consists of a similar three dimensions of teaching presence, social presence,
and cognitive presence. The statistical results offer interesting insights on the learning
experience in K-12 settings, which are discussed in below.

Firstly, in the process of developing the extended questionnaire from the CoI frame-
work, close attention was paid to the differences between online teaching and traditional
classrooms, and the statistical results verify such differences accordingly. The items
regarding technical support and self-directed learning in the CoI survey were either
removed or revised, since they apply more to online learning and are deemed as inap-
plicable in PQ-K12. We found that items that emphasize teachers’ authority (e.g., t1_2,
t2_3) yielded a higher degree of factor loading in teaching presence, indicating that teach-
ers have a more authoritative position in the traditional classroom. In contrast, learning
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atmosphere of online instruction is featured by more student agency and autonomy,
relying less on the authoritative figure of teachers.

Secondly, with a sample size of 200 students, we managed to explore the initial
validity of the questionnaire. From EFA results, we can see that several items designed
for specific dimensions got mixed in the same dimension based on the factor loading
values. In the dimensions of social presence, items such as t3_3, t3_6 and t2_6, originally
designed for the dimension of teaching presence, were assigned into the dimension of
social presence, possibly because the teaching activities in those items involved class
discussion, which is considered as part of social learning. Similarly, cognitive activities
(e.g., curiosity arousal) mentioned the item c1_2 got mixed in the dimension of teaching
presence, as teachers often started a class with a triggering activity to inspire student
interests. Our further analysis of the misplaced items revealed similar issues: the per-
ceived learning experience depicted in those items can be interpreted from more than
one dimensions. This finding inspired us to reconsider the design and wording of these
items and their dimensions, in which the structure of the presence questionnaire needs
to be adjusted to deal with overlapping items.

Lastly, the items with low factor loading values (less than 0.4) indicate that they
might be in applicable for the mainstream mode of K-12 education. For example, item
c2_1 (I am willing to take the initiative to explore issues in class) suffers from low
factor loading in all three dimensions, suggesting that student autonomy might not be
emphasized in traditional elementary classrooms.Contrarily, item s1_5 (Iwas very happy
when teacher praised me in class) seems to be too broad with no real implication for
the context-specific learning experience. This finding reminds us to pay more attention
to the feature of traditional classrooms, to further improve the applicability and validity
of PQ-K12. Additionally, low factor loading may also be associated with insufficient
sample size, and future study should consider using much larger sample for validation
research.

In future research, we need to pay attention to two aspects based on the current
research. First, a larger sample size is needed to further support the results of this study.
The sample size in the present study was less than 5 times of the total items to obtain
stable CFA results. Secondly, the design of specific questionnaire items and the division
of the presence structure need to be further optimized according to the data results and
the reflection on the feature of the traditional classrooms. These two measures will be
conducive to the formation of a better structure and more applicable PQ-K12.

Acknowledgment. This study was funded by the Key Research Project of Education Supported
by National Social Science Foundation of China, ACA170010.

References

1. Nehari, M., Bender, H.: Meaningfulness of a learning experience: a measure for educational
outcomes in higher education. High. Educ. 7(1), 1–11 (1978). https://doi.org/10.1007/BF0
0129786

2. Reigeluth, C.M., Frick, T.W.: Formative research: a methodology for creating and improving
design theories. In: Reigeluth, C.M. (ed.) Instructional-Design Theories andModels—ANew
Paradigm of Instructional Theory, pp. 633–652. Lawrence Erlbaum, New Jersey (1999)

https://doi.org/10.1007/BF00129786


Extending the COI Framework to K-12 Education 325

3. DeCarvalho, R.J.: The humanistic paradigm in education. Hum. Psychol. 19(1), 88–104
(1991)

4. Allen, I.E., Seaman, J.: Grade change: TRACKING online education in the United States.
Babson Survey Research Group and Quahog Research Group LLC, Oakland (2014)

5. Garrison, D.R., Arbaugh, J.B.: Researching the community of inquiry framework: review,
issues, and future directions. Internet High. Educ. 10(3), 157–172 (2007)

6. Swan, K., Ice, P.: The community of inquiry framework ten years later: introduction to the
special issue. Internet High. Educ. 13(1–2), 1–4 (2010)

7. Arbaugh, J.B.: Does the community of inquiry framework predict outcomes in online MBA
courses? Int. Rev. Res. Open Distance Learn. 9(2), 1–21 (2008)

8. Garrison, D.R., Anderson, T., Archer, W.: Critical inquiry in a text-based environment:
computer conferencing in higher education. Internet High. Educ. 2(2–3), 87–105 (1999)

9. Anderson, T., Liam,R.,Garrison,D.R.,Archer,W.:Assessing teaching presence in a computer
conferencing context. 5(2), 1–17 (2001)

10. Akyol, Z., Garrison, D.R., Ozden, M.Y.: Online and blended communities of inquiry: explor-
ing the developmental and perceptional differences. Int. Rev. Res. Open Distrib. Learn. 10(6),
65–83 (2009)

11. Garrison, D.R., Anderson, T., Archer, W.: Critical thinking, cognitive presence, and computer
conferencing in distance education. Am. J. Distance Educ. 15(1), 7–23 (2001)

12. Pisutova-Gerber, K., Malovicova, J.: Critical and higher order thinking in online threaded
discussions in the Slovak context. Int. Rev. Res. Open Distrib. Learn. 10(1), 1–15 (2009)

13. Schrire, S.: Knowledge building in asynchronous discussion groups: going beyond quantita-
tive analysis. Comput. Educ. 46(1), 49–70 (2006)

14. Shea, P., Bidjerano, T.: Learning presence as a moderator in the community of inquiry model.
Comput. Educ. 59(2), 316–326 (2012)

15. Shea, P., Bidjerano, T.: Learning presence: towards a theory of self-efficacy, selfregulation,
and the development of a communities of inquiry in online and blended learning environments.
Comput. Educ. 55(4), 1721–1731 (2010)



Continuing Professional Development in ICT
for Primary School Teachers, Reflections

and Issues

Irena Loudova(B)

University of Hradec Kralove, Hradec Kralove, Czech Republic
irena.loudova@uhk.cz

Abstract. With regard to the main directions of the education policy of the Czech
Republic 2030+ , it is clear that the development of information and communica-
tion technologies (ICT) in the society brings the necessity to detect the specifics
of the teaching profession in the context of current conditions at school. In the
future, education should be more integrated with the digital world and respond
to technological developments. The upcoming changes will affect virtually all
teachers. Computers should be used in the classroom of other subjects, and this
may make teachers unwilling to change their practices. Another obstacle to the
modernization of teaching is also the lack of school equipment. The Czech School
Inspection Authority states that only 9.5% of big primary schools meet the stan-
dards for digital education. In small primary schools, it is less than five percent.
The aim of our research is to detect, what the real situation is like in the area of pro-
fessional preparedness in teaching ICT subjects at different types of school with
special attention to the perception of the situation by professional teachers. The
results of the research confirmed that although teachers have support at school,
most of them lack Continuing Professional Development both in the methodology
of teaching ICT subjects and in the field of professional ICT subjects. Teachers are
rather dissatisfied with the current offer of Continuing Professional Development
(CPD) and they would welcome corresponding support.

Keywords: Digital literacy · Continuing Professional Development (CPD) ·
Didactics of informatics · Competences of ICT teacher

1 Introduction

Continuing professional development programs are meant to provide teachers with
opportunities to develop their professional abilities for teaching in particular domains.
Current trends in research in CPD view teachers as professionals and CPD programs take
the formof providing teacherswith learning opportunities to enhance their in-class teach-
ing abilities through processes that engage them in theory-driven pedagogical changes
in their teaching practices.

Research in CPD over the past decade has revealed a number of principles that are
important in supporting teacher learning during CPD programs and helping teachers
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develop themselves through those programs. Generally speaking, CPD can address a
variety of teacher needs, focusing on helping teachers refine their teaching approaches
and pedagogy, understanding the need to change their everyday practices in particular
areas and helping them implement changes in their daily teaching that will eventually
help their students to learn more effectively [1]. Productive CPD programs need to
provide teachers with opportunities to identify areas that need to be further developed
by teachers themselves, however, the literature suggests that there are issues which are
specific to ICT CPD. They are linked to wider approaches to the effective professional
development of teachers. These affect the degree to which pedagogy is prioritised in the
provision of CPD [2].

Issues which can be identified relating specifically to ICT are:

• An over-emphasis on skills training in itself at the expense of deep understanding and
application of skills to developing learning and teaching. This is linked to a perceived
need to address a skill ‘deficit’ in teachers, rather than to develop a focus on pedagogy.

• The challenge of developing an appropriate ‘vision’ for ICT among school leaders,
which is focused on pedagogy and teacher development as a priority.

• ‘Policy tensions’whichdeflect fromcoherent and consistent development of pedagogy
using technologies, and create conflicts over how time and resources are used to embed
technologies within schools.

A great deal of skills training has taken place in recent years, and yet there is a
persistent lack of integration of technology into teachers’ practice. The focus of CPD
and the types of CPD activities have not led to the degree of change that was anticipated.
This is in contradiction with the new educational policy in the Czech Republic, where
with regard to the main directions of the education policy of the Czech Republic 2030+,
ICT teachers are placed in a new role: to train teachers of other subjects to use ICT
technologies in the instruction.

2 Theoretical Basis

At present, a number of subject didactics talk about the information-communication
concept of their field, which underlines the increasing importance of informatics as a
science, a teaching subject and a necessary base for efficient use of digital technologies
at schools and in practical life [3].

Didactics of informatics is a very young field within the group of subject didactics.
An important feature of contemporary informatics is i.e. the processing of text, visual
(static and dynamic) and audio information in the form of hypertext. It is desirable
for teachers to use a range of methodologies and forms, which they can implement
depending on their personality characteristics and vocational focus. The quality teacher
acquires several methodologies and teaching strategies and applies them appropriately
according to the situation, the particular composition of the pupils in the classroom and
other criteria [4].

In the study we focused on the situation in the area of professional preparedness in
teaching ICT subjects at primary schools, the emphasis was placed on the perception of
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the situation by professional teachers. We carried out the detection of didactic resources
and overall preparedness of IT teachers for the planned introduction of informatics into
non-ICT subjects.

Recently, the rapid development of ICT in education forced teachers to reconsider the
lessons’ design since ICT have to be incorporated in modern educational scenarios [5].
The integration of technology into curriculum documents in developed countries (most
recently in Finland, for example) is through the definition of digital literacy, without
which inclusion in educational programs is not possible.

2.1 Digital Literacy

Digital literacy is the ability to use information and communication technologies to find,
validate, generate and transmit information that requires both cognitive and technical
skills [6]. Digital literacy includes seven elements, see Fig. 1.

Fig. 1. Seven basic components of digital literacy [6].

In order to develop the concept of information literacy development, it is neces-
sary to know the definitions of concepts and objectives to which information literacy
activities should contribute. These goals are often set as standards or as an information
literate competence. From a systemic perspective, it is therefore necessary to decom-
pose information literacy into individual skills, abilities and competences. Comparison
of approaches used to ICT competences, which is applied in some countries (e.g. USA,
UK) or recommended as a model through transnational educational institutions and
clusters, seems to be a suitable tool.
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2.2 ICT Competences

The European Framework for the Digital Competence of Educators (DigCompEdu)
provides a framework describing what it means for educators to be digitally competent.
It provides a general reference frame to support the development of educator-specific
digital competences, and is directed towards educators at all levels of education, from
early childhood to higher and adult education.

DigCompEdu details 22 competences organized in six areas. The focus is not on
technical skills. Rather, the framework aims to detail how digital technologies can be
used to enhance and innovate education and training [7], see Fig. 2.

Fig. 2. Seven basic components of digital literacy [7].

Teachers have a large number of different roles in the modern information society,
such as facilitators of the educational process, counselors and helpers of pupils and stu-
dents, co-workers of their colleagues, employees, members of professional associations,
professional experts, etc. From this point of view, it is important to realize that when
defining teachers’ competencies, it is necessary to apply a holistic approach that takes
into account the whole spectrum of activities of the teacher.

It would be improper to concentrate on a mere exhaustive list of technological or
pedagogical skills accentuated by curricular changes, ignoring the link between the
general role of the teacher and the environment and conditions in which teachers operate
[8].

The main purpose of ICT teacher training is to equip the graduate with the necessary
knowledge, organizational andmanagement skills, and didactic methods, so that the ICT
teacher can be qualified in his/her school:

• methodically assist colleagues in integrating ICT into the teaching of most subjects;
• recommend and coordinate further ICT education of teaching staff;
• coordinate the use of ICT in education;
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• coordinate software purchases and updates;
• prepare and implement an ICT plan in accordance with the school curriculum;
• coordinate the operation of the school’s information system.

The study should fulfill the following competences in terms of its content and timing:

Competence for teaching

1. roles, advantages and limits of the use of ICT in the educational process, modern
didactic methods;

2. computer use in the educational process;
3. organization of school pupils and student projects;
4. searching and evaluating teaching and information resources on the Internet;
5. using ICT-supported distance and combined learning methods.

Management competence

6. preparation and implementation of the school’s ICT plan;
7. elaboration of school security policy (security rules, operating and SW rules);
8. organization of school involvement in regional (national) projects;
9. organization andmethodological assistance in the operation of the school educational

and organizational information system.

Competences to manage ICT at school

10. basic orientation in new trends in ICT development for education;
11. basic orientation in ICT related legislation;
12. knowledge of principles and possibilities of computer networks;
13. knowledge of principles and possibilities of modern presentation technologies;
14. implementation of new technologies - construction in 3D, 3D printers;
15. sharing materials and using modern communication tools (e-learning, cloud

services).

Cheryl Whitfield [9] defines ICT coordinator (Technology Facilitator) as a person
who should meet the following characteristics:

16. experienced teacher;
17. enthusiastic techno-optimist;
18. good lecturer;
19. active mentor;
20. perfect organizer.

We are aware that the list of competencies summarized above is not exhaustive, we
intentionally selected only those that are relevant to our research.
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3 Research Project

The main goal of the project was twofold, to find out how ICT teachers perceive the
current offer of CPD programs focused on information technology, methodology and
the subject didactics, and how practicing ICT teachers evaluate their ICT competencies.
Based on the above mentioned issues the following research questions were formulated:

1. Does the school management support the ICT teachers’ participation of in CPD
programs?

2. Are ICT teachers satisfied with the current ICT CPD programs?
3. How do the ICT teachers evaluate the importance of ICT competences based on

their teaching practice?

3.1 Methodology

Based on research goals and questions, quantitative research was chosen. An exploratory
researchmethodwasused and aquestionnairewas chosen as the basic research technique.
The obtained data were processed by quantitative analysis procedures: tests to verify the
psychometric properties of the questionnaire, descriptive statistics, nonparametric test
for comparing two or more files - comparison of files to monitored variables: length of
practice, overall evaluation of experience, etc. data). The questionnaire had two research
parts, the first part was focused on exploration of CPD programs and questions in the
form of open items were processed by qualitative analysis (categorical analysis). The
second part of the questionnaire was aimed at ICT competencies and Likert scale with
five-stage scale items was used. The scale was arranged so that a value of 1 meant -
very important and a value of 5 meant - unimportant.

The applied pedagogical research was carried out at 165 primary schools (second
level – 11 to 15 years old pupils) inHradecKraloveRegion, and the focus group consisted
of 186 ICT teachers with at least 2 years’ experience, see Table 1.

Table 1. Characteristics of focus group.

ICT teachers in focus group

Total number of teachers 186

Male 28

Female 158

Age (AVG) 42.05

Standard deviation 2.4

Minimum 27

Maximum 58

Modus 46

Median 42
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4 Research Results

Based on individual scores, we obtained a distribution of respondents in terms of their
management support in CPD programs participation. 11% of ICT teachers receives full
management support, unlike 42% of ICT teachers who get only limited support from
school management to participate in CPD programs. Teachers from the focus group find
the main reason in the content offer of provided CPT programs, which according to the
school management does not correspond to the current needs in the field of methodology
and didactics of ICT subject. see Fig. 3.

0 

1 2 3 4 5

11%

26% 21%

42%

Fig. 3. Does the school management support the ICT teachers’ participation of in CPD programs?

Our further objectivewas to find out if the ICT teachers in the focus group are satisfied
with the current content offer of ICT CPD programs. The results of the questionnaire
survey show that most ICT teachers (58%) are rather dissatisfied with the content of the
CPD programs offer. They miss mainly programs focused on new and current trends
(3D printer, robotics, HW…) and of course the methodology of teaching ICT subjects,
see Fig. 4.

1 2 3 4 5

17% 17% 
8% 

58% 

Fig. 4. Are ICT teachers satisfied with the current ICT CPD programs?

In the first part of the research, we found out that even though teachers have the
support of school management and can participate in CPD programs, new ICT programs
focusing on current trends are not available.



CPD in ICT for Primary School Teachers, Reflections and Issues 333

The second part of our research focused on the competences and importance that
ICT teachers attach to them. We used the list of competences recorded and num-
bered in Sect. 2.2. Each number (1–20) represents one competence described in details
in Sect. 2.2. The scale values in Table 2 were set as follows: 1- very important, 5
– unimportant, following the Likert scale with five-stage scale items.

Table 2. ICT teachers’ evaluation of the importance of ICT competences.

Competence Mean SD Median Modus

1 1,63 0,07 1 1

2 2,28 1,00 2 2

3 2,03 1,16 2 1

4 3,93 1,22 4 5

5 2,29 1,22 2 1

6 1,98 1,07 2 1

7 2,44 1,11 2 2

8 2,37 1,08 2 2

9 1,37 0,68 1 1

10 1,38 0,63 1 1

11 2,13 1,14 5 5

12* 2,15 1,16 2 –

13 2,26 1,13 2 2

14 2,51 1,30 2 1

15 4.19 1,38 2 1

16 3,08 1,39 3 3

17 1.95 0.99 2 1

18 2,19 0,98 2 2

19 2,5 1,15 2 2

20 1,86 0,98 2 1

*Item 12 has the same frequency of two values,
no number is given.

The reliability of the research tool was performed using the Cronbach alpha
coefficient: α = 0.72.

Descriptive analysis indicated that according to the arithmetic means of individual
variables, respondents attach the highest importance in this part of the questionnaire
to the following competences: active mentor, use and knowledge of modern didactic
methods, knowledge of possibilities of computer network, and good lecturer.
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The obtained data were subjected to further investigation; factor analysis was per-
formed. The aim was to analyze the correlations of variables, we worked with the Quar-
timax rotation. Before the factor analysis itself was used, it was necessary to perform
tests that allow its use. We expected that three factors could be used based on the rubble
graph, but the extracted factors explained only 30% of the variance, so we used a method
of determining the number of factors using the eigenvalue value. Based on eigenvalue
>1, 5 factors were extracted for 20 variables, thus explaining 60% of the data variance,
see Fig. 5.

Fig. 5. Rubble chart

A factor is a construct that allows to determine how a group of variables merges into
smaller groups (factors). Thus, at first sight, an invisible factor arises that characterizes
the common features of the variables. Hendl [10] considers that factors are new variables
from which conclusions can be drawn about the context of the original variables. Based
on the amount of factor loads, we identified the following five factors (in our case
competences):

F1: Competence no. 15 – sharing materials and using modern communication tool (e-
learning, Teams, Cloud services);
F2: Competence no. 4 – searching and evaluating teaching and information resources
on the Internet;
F3: Competence no. 16 – experienced teacher
F4: Competence 14 – implementation of new technologies – construction in 3D, 3D
printers;
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F5: Competence no. 7 – elaboration of school security policy (security rules, operating
and SW rules).

We used cluster analysis to see if common profiles of respondents and typology
of ICT teachers are reflected in the focus group. Numbers 1–5 in Fig. 6 indicate pre-
ferred competencies, colored numbers 1 (blue), 2 (red), 3 (green) indicate clusters that
determine the types of teacher.

15

4 

14

7 1

2

3

16

Fig. 6. Cluster analysis: typical respondent in terms of item preferences. (Color figure online)

Based on cluster analysis, the profiles of three types of ICT teachers, which are based
on responding item preferences, were defined as follows:

Type 1: in terms of competences, the most important for this type of ICT teacher is
to use modern communication tools (e-learning, cloud services) when sharing didactic
materials, implements new technologies in the instruction (e.g. 3D printers), and relies
on teaching experience;

Type 2: in terms of competences it is necessary for this teacher to evaluate teaching and
information resources on the Internet, implement new technologies into the instruction,
and elaborate school security policy (security and SW rules);

Type 3: in terms of competences, for this teacher the priorities are school security policy,
teaching experience and evaluating teaching and information resources on the Internet.

5 Conclusion

The described research identified the school management support of ICT teachers to
participate in CPD programs in Hradec Kralove region. We also investigated whether
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ICT teachers are satisfied with the content and offer of CPD programs. The results of
the survey showed that even though the teachers are encouraged to further develop and
deepen their professional knowledge, there is a lack of courses focused on the implemen-
tation of new technologies in ICT instruction, not to mention modern methodological
and didactic strategies.

The literature suggests that there are issues which are specific to ICT CPD, which
are linked to wider approaches to the effective professional development of teachers.
These affect the degree to which pedagogy is prioritised in the provision of CPD. Issues
which can be identified relating specifically to ICT are:

• An over-emphasis on skills training in itself at the expense of deep understanding and
application of skills to developing learning and teaching. This is linked to a perceived
need to address skills ‘deficit’ in teachers, rather than to develop a focus on pedagogy.

• The challenge of developing an appropriate ‘vision’ for ICT among school manage-
ment, which is focused on pedagogy and teacher development as a priority.

• ‘Policy tensions’whichdeflect fromcoherent and consistent development of pedagogy
using technologies, and create conflicts over how time and resources are used to embed
technologies within schools [11].

Themain feature of successful CPD is that it addresses teachers’ individual needs as a
priority.Meeting these individual needs takes very different forms, ranging from entirely
school-based provision to external programmes. Currently, the National Pedagogical
Institute in the Czech Republic is coming up with a number of innovations in CPD ICT
programs, which take the form of webinars, workshops and seminars. These courses
meet the needs and expectations of ICT subject teachers. In just six months in 2019,
over 1,000 teachers participated in ICTwebinars that are provided free within the project
SYPO (System of the Professional Education Support for Pedagogical Staff and School
Management), which is one of the National Pedagogical Institute projects, whose aim
is to improve the quality of lifelong education.

Our research also dealt with the issue of ICT competencies and their importance in
the teaching process. We found out that the main priorities for practicing ICT subject
teachers are the implementation of modern technologies, the use of communication tools
such as cloud services, cyber security and the guarantee of quality information obtained
from Internet resources. Teaching experience is also very much appreciated.

We are aware that our research is subject to potential limitations, e.g. there is insuffi-
cient sample size for statistical measurement and thus we cannot generalize in any way.
Despite the limits, we believe that information and communication technology is one of
the fastest growing areas and teachers’ attitudes to innovations in this area are impor-
tant for the further development of education. In addition to all the above-mentioned
factors that affect CPD programs lifelong education generates professional enthusiasm
for teachers’ practice of their perceptions, and a call for “hearts and minds” approach is
needed [12]. Teachers’ CPD participation results in knowledge which shapes teachers’
‘minds’ but only professional enthusiasm reframes thoughts and put them into action.

Acknowledgement. This research and publication were funded by Deans Office of the Faculty
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Abstract. The course timetabling problem (CTP) is very important for educa-
tional institutes. An effective timetable has directly affect to the utilisation of
resources and its operating costs. Solving the CTP manually without timetabling
tool is extremely difficult, time consuming and may require a group of experts to
work for several days. A course timetabling program, named a Hybrid Particle
Swarm Optimisation-based Timetabling (HPSOT) tool, has been developed for
optimising the academic operating costs. A variant of Particle Swarm Optimisa-
tion (PSO) named Maurice Clerc PSO (MCPSO) and its hybridisations with five
combinations of insertion operator (IO) and exchange operator (EO) were pro-
posed and embedded in the HPSOT program. The statistical analysis suggested
that the results obtained from the hybrid MCPSO were statistically better than
those results obtained from the conventional MCPSO for all instances. The aver-
age computational times taken by the proposed hybrid methods were quicker than
the original MCPSO for all instances.

Keywords: Educational timetabling · Combined ratio · Swarm intelligence ·
Local search · Metaheuristics

1 Introduction

Smart classroom can be defined as a physical classroom space for showing teaching con-
tent, easy for instructional interaction, easy for class management and convenient for
accessing educational learning resources [1]. Educational resources can be categorised
into living (e.g., students, lecturers) and non-living resources (e.g. teaching rooms, lab-
oratories). During academic semesters, the classrooms in educational institutes is one
of the essential supported resources for students’ learning as well as teachers’ lectur-
ing. There are several types of classroom required by both general study and specific
courses [2, 3] such as lecture, laboratories, tutorial, theaters, and smart classrooms.
Some classrooms require high initial investments, well maintenance, well-trained staff
and operating costs. Thus, the efficient utilisation of academic resources having low
operating costs is a common educational institute policy.
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Course timetabling problem (CTP) faced by educational institutions periodically
arises every academic semester due to the varying number of students but limited num-
bers of lecturers and classrooms. For constructing the practical timetables of teachers,
students, and classrooms, all hard constraints must be satisfied whereas all users’ prefer-
ences aswell as educational resources’ utilisation should be optimised. Therefore, course
timetabling is a crucial activity for educational institution [4]. The CTP can be solved
either manually by academic staff or automatically using programming tool [5]. Manual
solving of large CTP is extremely difficult, time consuming, and requires efforts from a
group of experts. CTP is known to be Non-deterministic Polynomial (NP) hard problem,
in which the computational time required to find the optimal solutions increases expo-
nentially with problem size [6]. To overcome these difficulties especially for solving
very large-size CTP, the preferable design task is to develop an automated timetabling
tool embedded with computational intelligence techniques to seek the optimal solutions.

Computational intelligence algorithms, e.g., Particle Swarm Optimisation [7], Frog
Leaping Algorithm [8], Artificial Immune System [9], have become very popular for
solving large-scale combinatorial optimisation problems [10]. These algorithms have
been successfully applied to solve NP-hard problems within acceptable time consum-
ing, but they do not guarantee optimumsolutions [11]. PSOhas been successfully applied
to solve the problems in several domains because of very few parameters to be adjusted,
little memory for computations, and easy to understand and implement [12]. Hybridisa-
tion strategies for PSO can improve the solution quality through increased exploitation
search and can also increase the opportunity to quickly discover the global best solution.
However, there is no report on the hybridisation between MCPSO and insertion opera-
tor (IO) and exchange operator (EO) to solve the real-world CTP based on minimising
academic operating costs.

The objectives of this paper were to: (i) develop a hybrid particle swarm optimisation
based timetabling (HPSOT) tool for solving real-world CTP based on academic operat-
ing costs; and (ii) compare the performances of the MCPSO and its hybridisations with
five combinations of IO:EO ratio in terms of the solution quality (operating costs), con-
vergence speed, and computational time. The next section of this paper briefly explains
the CTP. Section 3 describes the PSO and its variants followed by the procedures of
the HPSOT program in Sect. 4. Section 5 presents the experimental results and analysis
followed by conclusions.

2 Course Timetabling Problem

Course timetabling problem (CTP) is one of the most challenging scheduling prob-
lems and also classified into combinatorial optimisation problems due to its complexity
and constraints [13]. Constraints found in the CTP can be divided into two categories
including hard and soft constraints [11]. Hard constraints (HC) are the most impor-
tant constraints, in which all candidate timetables must be satisfied to be the feasible
timetables [14]. Soft constraints (SC) are more relaxed, in which the total number of SC
violations are acceptable but it should be minimised [4]. Both HC and SC constraints
considered in this research can be described as follows [15].

HCs consideredwere: (i) all lectures/laboratories (elements) required for each course
must be scheduled and assigned to distinct periods (HC1); (ii) students and lecturers can



340 T. Thepphakorn et al.

only attend one lecture at a time (HC2); (iii) only one lecture can take place in a room
at a given time (HC3); (iv) lecturers and students must be available for a lecture to be
scheduled (HC4); (v) all courses must be assigned into proper rooms according to their
given requirements, including building location, room facilities, and room types (HC5);
and (vi) all lectures within a course requiring consecutive periodsmust be obeyed (HC6).

In addition, SC consideredwere: (i) all courses should be scheduled in the appropriate
types of room in order to avoid unnecessary operating or renting costs (currency unit
per period) (SC1); (ii) the courses taught by the given lecturer(s) should be assigned
on their available or preferred day and periods in order to save the lecturing or hiring
costs (currency unit per period) (SC2), and (iii) the classrooms should be scheduled in
consecutive working periods of a day in order to reduce the number of times to clean or
setup after using the rooms (per time) (SC3).

HC1-HC3 are the fundamental constraints, called event-clash constraints, each of
which can be found in most of course timetabling problems [11]. HC4-HC6 are special
requirements for courses, lecturers, and curricula found inmany universities in Thailand.
SC1-SC3 are represented by the objective functions f (xi) in order to minimise the total
university operating costs considered from the candidate timetables following (1);

Minimise f (xi) = W1SC1 + W2SC2 + W3SC3 (1)

Subject to : HCh = 0, ∀h, (2)

Equation (1) is the objective functions that evaluate the total university operating
costs of the SC1-SC3. Theweightings (W1-W3) for each SC are not restricted and depend
upon the user preferences for each institution. In this work, W1–W3 were specified at
50 (currency units per hour), 300 (currency units per hour), and 2.5 (currency units per
times), respectively. Equation (2) checks a timetable to be a feasible timetable, in which
all HC must be satisfied. Where h is an index related to the hth hard constraint (h = 1,
2, 3,…, H), where H is the number of hard constraints.

3 PSO Variants and Literature Review

Particle Swarm Optimisation (PSO) is population-based metaheuristics and it was intro-
duced by Kennedy and Eberhart in 1995 [16]. PSO was inspired by swarm behaviour in
nature such as fish schooling, bird flocking [17]. Due to its simplicity and flexibility, PSO
has become one of the most popular swarm intelligent methods and it has been applied
to solve many area in optimisation, computational intelligence, and design applications
[17]. According to a comprehensive literature review, there are many variants of the PSO
including conventional PSO [18], standard PSO (SPSO) [19], and Maurice Clerc PSO
(MCPSO) [20], and so on.

The basic concepts of aforementioned PSO variants can be described as follows. The
essential parameters of all PSO variants are specified in the initialisation process. Each
particle xi (i = 1, 2, 3,…, P) is generated randomly before determining its fitness value
via the objective function f (xi). Where, i is the index of particles whilst P is population
size (or number of particles). After that, the iteration best solution

(
xtbest

)
and the global
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best solution
(
g∗
best

)
are identified by the following Eq. (3) [21]. Where, t is the index of

iterations whilst Inow is the current iteration.

xtbest = min{f (xti )}, i ∈ (1, 2, 3, . . . ,P) (3)

g*best = min{f (xti )}, i ∈ (1, 2, 3, . . . ,P), t ∈ (1, 2, 3, . . . , Inow)

In each iteration (generation) of conventional PSO, a new solution (xt+1i ) for particle
i is produced by using velocity and position vectors according to Eq. (4) and Eq. (8) [22],
respectively. Where vi is the velocity for particle i; c1 and c2 denote the acceleration
coefficients, each of which requires a positive constant value; r1 and r2 parameters are
uniformly random variables distributed within a range from 0 to 1 [21].

vt+1
i = vti + c1 r1 (xtbest − xti ) + c2 r2 (g∗

best − xti ) (4)

vt+1
i = ω vti + c1 r1 (xtbest − xti ) + c2 r2 (g∗

best − xti ) (5)

vt+1
i = k(vti + c1 r1 (xtbest − xti ) + c2 r2 (g∗

best − xti )) (6)

k = 2
∣
∣∣2 − ϕ − √

ϕ2 − 4ϕ
∣
∣∣
, ϕ = c1 + c2, ϕ > 4 (7)

xt+1
i = xti + vt+1

i (8)

In case of the SPSO, generating a new solution xt+1
i can be achieved by using velocity

and position vectors according to Eq. (5) and Eq. (8) [21, 22]. Where ω is the inertia
weight used to balance the global exploration and local exploitation [21]. For MCPSO,
new velocity and position for a solution xt+1

i can also be updated by using Eq. (6)–(7),
and Eq. (8) [22]. Where k is constriction factor for control velocity of particles, ϕ is a
positive parameter depending on the acceleration coefficients [22].

After updating velocity and position, the fitness value for a new solution xt+1
i is

evaluated by taking into account the objective function. The xtbest will be replaced by a
new solution xt+1

i if the fitness value obtained from the xt+1
i is better than that obtained

from the f
(
xtbest

)
. Moreover, if the fitness value obtained from the xt+1

i is better than that
obtained from the g∗

best , the g
∗
best will be replaced by a new solution xt+1

i . These processes
are repeated until getting to the maximum iteration (I) or the given stop criterion.

Generally, constraint optimisation problems are hard to solve only by conventional or
standard PSO [23]. Especially in the case of complex multimodal problems, these meth-
ods always suffer from premature convergence and low exploration ability [24]. Hybridi-
sation strategy between two or more algorithms has been widely accepted for increasing
the algorithm performances to obtain a better solution [25]. Two Local Search (LS)
strategies, called insertion operator (IO) and exchange operator (EO), can be embedded
for hybridisation with PSO. Both operators are demonstrated for their ability to improve
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the solution quality according to Eq. (9), Eq. (10) and Eq. (11) [26]. Where w1 and w2

are control parameters ranged between 0 and 1 (w1 + w2 = 1). The parameters can be
considered as weight balance for performing two operators (IO:EO ratio) used in the
solution improvement process. After conducting LS approaches, measuring the fitness
value is applied before updating the xtbest and g∗

best again.

xt+1
i = xti + IO (9)

xt+1
i = xti + EO (10)

xt+1
i = xti + w1IO + w2 EO (11)

A focused literature survey on the Scopus database covering the period from the last
two decades using “Particle Swarm” and “course timetable*” as keywords for document
search in the data records (article title, abstract and keywords) has been conducted and
summarised in Table 1.

Table 1. Literature review of PSO variants for solving the UCTP

Authors Years UCTP Problems PSO variants Hybridisations

Ahandani and Vakil
Baghmisheh [19]

2013 Benchmark SPSO GA, LS (Hill
climbing)

Chen and Shih [18] 2013 Real-world PSO, SPSO LS (Interchange
Operator)

Irene et al. [27] 2009 Real-world MCPSO Constraint-based
Reasoning

Irene et al. [20] 2009 Benchmark MCPSO Neighbourhood
search

Kanoh and Chen [28] 2013 Real-world SPSO

Oswald and Anand
Deva Durai [23]

2014 Real-world MCPSO Local Beam
Search

Sheau Fen Ho et al.
[29]

2009 Benchmark MCPSO

Thepphakorn and
Pongcharoen [15]

2019 Real-world PSO, SPSO, MCPSO

This research work 2020 Real-world MCPSO Local Search (IO,
EO)

All PSO variants mentioned above have been applied to solve both benchmark and
real-worldUCTPs.Heuristics such asGeneticAlgorithm,Hill climbing, and Interchange
Operator have been adopted for hybridisation with PSO [18] and standard PSO (SPSO)
[19] to solve the real-world UCTP. Some approaches, e.g., Constraint-based Reasoning,
Local Beam Search, and Neighbourhood Search, have also been hybridised with the
MCPSO [20, 23, 27].
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4 Hybrid Particle Swarm Optimisation Based Timetabling Tool

The hybrid Particle Swarm Optimisation based timetabling (HPSOT) program has been
coded in modular style using the TCL/TK and C programming languages. The HPSOT
tool was developed for solving the real world university course timetabling problem
(UCTP) by using the Maurice Clerc PSO, in which it received the best performance to
solve the real world UCTP from previous research [15]. The main procedures of the
HPSOT tool are included in six steps and shown in Fig. 1.

Begin /*Step 1
    Upload input data and set MCPSO’s parameters (including I, P, %IO, %EO) 
    Sort a list of courses using heuristic orderings 
    Create initial population, xi (i = 1,2,…,P); initial iteration (t = 0) 

Generate random keys for each xi
While t < Max_Iteration(I) do /*Step 2

For (i=1, i<= Max_Pop(P), i++) do
           Pick random numbers: r1, r2  U(0,1) 
           If MCPSO do Update particle’s velocity vit+1 using Eq.(6)-(7)
           Update particle’s position xit+1 using Eq.(8)If (xit+1 = an infeasible timetable) do Repair xit+1

Evaluate objective functions f(xit+1) /*Step 3
           If f(xit+1)<f(xtbest) do Replace xtbest = xit+1If f(xit+1)<f(g*best) do Replace g*best = xit+1

if MCPSO+EO(100%) do Eq.(10) /* 0%:100%ratio /*Step 4
           Else if MCPSO+IO(25%):EO(75%) do Eq.(11)   /* 25%:75%ratio
           Else if MCPSO+IO(50%):EO(50%) do Eq.(11)   /* 50%:50%ratio
           Else if MCPSO+IO(75%):EO(25%) do Eq.(11)   /* 75%:25%ratio

Else if MCPSO+IO(100%) do Eq.(9) /* 100%:0%ratio
If (xit+1′ = an infeasible timetable) do Repair xit+1′ /*Step 5

           Evaluate objective functions f(xit+1′)           If f(xit+1′)<f(xtbest) do Replace xtbest = xit+1′
If f(xit+1′)<f(g*best) do Replace g*best = xit+1′
Update iteration (t = t + 1) 

End Loop while
Output results and visualisation of g*best /*Step 6

End

Fig. 1. Pseudo code of the HPSOT program

The first step is a solution or timetable initialisation process. All course timetable
data were uploaded before assigning the essential parameters for the MCPSO. The
total number of events (n) is determined from the number of teaching periods required
for all courses. Then, an event list containing a set of n events was generated. The
sequence of all events in the list was sorted by using a constructive heuristic, called the
largest unpermitted period degree (LUPD) first [30]. This heuristic rule can reduce the
probability of getting infeasible timetables or solutions that always occur in the solution
initialisation process. Next process is to create an empty timetable, in which the size
of that timetable dimension was determined according to the numbers of given rooms,
working days per week, and periods per day. After that, all events in the sorted list were
assigned into an empty timetable for producing a candidate solution xt+1

i (i = 1, 2, 3,…,
P), P is the number of given population or particles.

After that, a random key technique [31] was adopted in this work in order to accom-
modate with a solution evolution process for xt+1

i solutions. A random key list having
the same dimension size of the xt+1

i solution was created. Each timeslot of a random key
list was then assigned a random number using uniformly distribution ranged between 0
and 1. Both solution initialisation and random key processes for each particle xt+1

i will
be repeated until getting to the maximum particles (P).
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The second step was the evolution process for MCPSO algorithm. In order to update
particle’s velocity, each solution/particle xt+1

i was produced by using Eq. (6)–(7). After
that, the position of particle xt+1

i for MCPSO was updated by using Eq. (8). The new
solution xt+1

i may be either feasible or infeasible timetable; the repair process was
therefore applied to rectify infeasible timetables to be feasible timetables.

The third step, the quality of solution xt+1
i was measured by using Eq. (1). If its

fitness value is better than f
(
xtbest

)
, a particle xtbest is replaced by the xt+1

i . Moreover, a
particle g∗

gest is replaced by the xt+1
i if the quality of a solution xt+1

i receives the best
fitness value. These processes were repeated until all particles were reproduced.

The fourth step was to produce MCPSO’s hybridisation with the Local Search
(LS) approaches including insertion operator (IO) and exchange operator (EO). In
this work, five weight balances of IO:EO ratio, which were MCPSO+IO(100%),
MCPSO+EO(100%), MCPSO+IO(75%):EO(25%), MCPSO+IO(50%):EO(50%), and
MCPSO+IO(25%):EO(75%), were proposed for MCPSO hybridisation. For exam-
ples, MCPSO+EO(100%) means that all particles or solution xt+1

i (i = 1, 2, 3,…,
P) must be produced by using the EO for each iteration. For an example, the
MCPSO+IO(75%):EO(25%) is the 75% of particles in the population will be hybridised
using insertion operator whereas the hybridisation of remaining particles (25%) will be
conducted using the exchange operator. After this process, a new improvement solution
was changed from xt+1

i xt+1i to xt+1′
i .

In the fifth step, any infeasible timetables obtained fromprevious stepwill be rectified
by using the repair process again. Then, the quality of solution xt+1′

i will be determined
by using Eq. (1) before updating xtbest and g

∗
gest . Finally, these processes (step 2 to step 5)

will be repeated until reaching themaximum iterations (I) followed by the computational
report.

5 Experimental Results and Analysis

This research was aimed to solve the university course timetabling problem (UCTP)
using the HPSOT program for constructing course timetables with the minimum total
university operating costs. The objective of the experiments was to explore and compare
the performance of MCPSO hybrid with five combinations of IO:EO ratio, which were
0%:100%; 25%:75%; 50%:50%; 75%:25% and 100%:0%. Eleven real world course
timetabling problem instances adopted from the previous research [32] were used in this
computational experiment. For the largest instance, there are 323 courses, each of which
requires 3 hours per week.

The appropriate parameter setting of MCPSO for this work was adopted from pre-
vious research [15]. Personal computer with Core i7 3.20 GHz CPU and 8 GB RAM
was used to determine the computational time required to execute experimental runs.
The computational run for each instance was repeated ten times by using different ran-
dom seeds. The computational results were analysed in terms of minimum, maximum,
average (currency unit), standard deviation, computational time (minute) and P-value
obtained from the analysis of variants (ANOVA) as shown in Table 2.
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Table 2. Performance comparisons of the conventional MCPSO and its hybridisations

Problem instance Analysis MCPSO Hybrid MCPSO (IO%:EO% ratio) ANOVA

0%:100% 25%:75% 50%:50% 75%:25% 100%:0% P-value

1 Minimum 202,668.50 202,669.00 202,804.00 203,010.50 202,925.00 202,876.00 0.645

Maximum 203,135.50 203,117.00 203,112.00 203,120.00 203,099.00 203,089.00

Average 203,030.80 202,968.05 203,009.80 203,041.70 203,042.25 203,002.50

Std. Deviation 134.34 186.70 108.36 34.35 49.81 66.50

Time (min.) 4.69 1.61 1.87 2.08 2.11 2.08

2 Minimum 382,239.00 382,481.75 382,245.00 382,281.50 382,232.00 382,239.00 0.010

Maximum 383,409.50 383,723.75 383,415.50 383,423.50 383,415.50 382,980.75

Average 382,744.20 383,226.28 382,745.40 382,749.85 382,734.10 382,604.20

Std. Deviation 391.59 380.10 402.60 388.37 388.29 269.48

Time (min.) 19.94 7.84 8.12 8.46 8.98 9.32

3 Minimum 304,349.25 304,217.75 304,395.25 304,365.25 304,529.25 305,904.25 1.000

Maximum 306,025.75 306,045.25 306,011.75 305,984.50 305,964.50 306,776.00

Average 305,400.33 305,459.90 305,406.53 305,381.93 305,396.33 306,352.00

Std. Deviation 596.58 630.47 588.61 577.88 471.28 298.85

Time (min.) 30.23 12.17 12.37 12.85 13.29 15.45

4 Minimum 307,855.75 303,713.00 304,018.25 306,349.50 306,648.00 305,857.75 0.415

Maximum 309,819.75 310,309.00 310,137.00 309,787.25 309,304.25 309,367.50

Average 308,821.35 307,673.00 307,785.53 308,222.22 307,733.45 308,347.40

Std. Deviation 597.81 2,277.09 1,772.47 1,290.22 862.96 973.22

Time (min.) 20.47 7.91 8.05 8.33 8.82 9.54

5 Minimum 492,248.50 492,566.00 492,077.50 492,270.50 491,956.75 492,530.50 0.909

Maximum 493,737.00 493,921.25 493,734.75 494,061.25 493,675.25 493,370.00

Average 493,002.15 493,081.28 492,968.38 493,168.48 493,042.23 492,949.15

Std. Deviation 500.36 397.97 531.55 501.77 532.04 272.19

Time (min.) 36.48 14.87 15.39 15.79 17.09 17.21

6 Minimum 409,361.50 409,344.75 409,832.25 409,835.00 409,107.75 408,880.25 0.000

Maximum 410,730.00 410,599.25 410,596.75 410,779.00 410,108.75 410,041.75

Average 410,328.68 409,958.43 410,187.84 410,167.10 409,540.36 409,560.60

Std. Deviation 409.93 398.45 263.79 282.43 353.71 389.79

Time (min.) 41.47 19.40 20.83 22.63 22.10 23.39

7 Minimum 418,731.50 413,716.50 414,015.00 414,227.25 415,048.50 417,363.00 0.036

Maximum 420,752.00 421,277.25 420,363.00 420,356.25 419,256.50 419,764.25

Average 419,722.18 419,215.90 417,592.33 418,470.98 417,271.80 418,966.83

Std. Deviation 688.56 2,482.34 2,412.50 2,335.27 1,594.15 832.50

Time (min.) 35.03 14.00 14.22 14.75 15.42 17.38

8 Minimum 587,955.00 586,707.75 588,516.00 587,701.50 587,129.50 588,247.50 0.022

Maximum 589,903.75 589,477.00 589,441.50 589,487.25 588,858.00 589,308.00

Average 589,177.85 588,707.28 588,909.53 588,615.75 588,252.57 588,762.25

Std. Deviation 623.7 878.90 327.79 528.00 620.12 381.66

Time (min.) 86.97 30.98 36.44 37.77 40.60 42.71

9 Minimum 616,349.00 608,436.75 612,932.25 611,974.00 611,149.25 613,422.00 0.015

(continued)
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Table 2. (continued)

Problem instance Analysis MCPSO Hybrid MCPSO (IO%:EO% ratio) ANOVA

0%:100% 25%:75% 50%:50% 75%:25% 100%:0% P-value

Maximum 618,259.00 617,638.00 616,545.00 616,096.75 616,663.75 616,290.75

Average 617,236.60 614,880.70 615,510.45 614,465.65 614,656.13 615,293.73

Std. Deviation 612.54 3,474.48 1,151.97 1,428.04 1,623.18 966.60

Time (min.) 59.02 21.63 21.71 23.04 23.89 24.65

10 Minimum 566,033.25 555,947.25 555,038.75 561,096.25 560,539.00 563,620.50 0.005

Maximum 568,658.00 568,574.25 566,740.50 566,867.50 566,242.25 565,769.25

Average 567,615.93 565,821.88 562,962.03 564,520.63 564,538.45 564,885.23

Std. Deviation 1,051.13 3,631.00 4,090.85 1,991.10 1,571.29 718.15

Time (min.) 80.95 31.38 32.56 33.86 35.21 36.82

11 Minimum 956,528.50 943,596.50 952,592.25 950,950.50 950,468.75 952,467.25 0.000

Maximum 961,157.00 959,618.50 957,558.75 957,590.25 956,378.00 955,467.25

Average 958,843.10 956,588.75 956,058.43 955,664.61 953,673.75 953,942.66

Std. Deviation 1,734.03 4,789.36 1,741.44 1,961.10 1,858.93 1,176.38

Time (min.) 186.13 72.87 74.36 78.92 82.36 83.14

Rankings 4th (0:11) 2nd (2:11) 3rd (1:11) 2nd (2:11) 1st (5:11) 3rd (1:11)

From the statistical analysis in Table 2, it can be seen that the performance of
MCPSO+IO(75%):EO(25%) to construct the preference course timetables with themin-
imum total operating costs was the first ranking. Regarding to the average values of the
best so far timetables, five out of eleven problem instances including instance numbers
2, 6, 7, 8, and 11, were better than those values generated by other methods.

MCPSO+EO(100%) and MCPSO+IO(50%):EO(50%) were the second ranking
whereas the original MCPSO was the worst. The standard deviations obtained from
all proposed methods were marginally different for all problem instances.

The average execution times required by all proposed hybridisations were quicker
than MCPSO for all instances (up to 60.85% for the largest instance). Since the num-
ber of improved solutions within the population were double after producing the LS
improvements (both IO and EO), the number of iterations (I) for the proposed hybrid
methods was reduced by half in order to limit the amount of search at the 24,000 can-
didate solutions. Moreover, the performance differences achieved by all methods were
statistically significant with a 95% confidence interval using ANOVA (P-value < 0.05)
except some small problem instances.

A comparison of the convergence speed for the proposed hybrid MCPSO using
many combinatorial types of IO and EO to investigate the best so far solution is shown
in Fig. 2. Problem instance number 11, representing a large problem size, was selected
to be an example in this experiment. AlthoughMCPSO+IO(75%):EO(25%) had a lower
performance than other hybrid approaches in middle generations, the average of best so
far solutions obtained from this hybrid method was the best in the last generation to find
the candidate timetables. Therefore, the hybrid strategies with EO and IO improved the
performances of MCPSO both in terms of the solution quality and convergence speed.
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Fig. 2. Convergence plots of hybrid MCPSO with LS for the 11th problem instance

The proposed HPSOT program can be divided into three phases. The first phase
was to upload raw timetabling data to the HPSOT tool. Then, all parameters related
with MCPSO and problem constraints were assigned via graphic user interface (GUI)
as shown in Fig. 3. For the last phase, the best timetables for teachers, students, and
classrooms obtained from HPSOT tool will be displayed as shown in Fig. 4

Fig. 3. An example of graphic user interface (GUI) of HPSOT program
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Fig. 4. An example of teacher, student, and classroom timetables obtained from HPSOT tool

6 Conclusions

Hybrid Particle Swarm Optimisation-based timetabling (HPSOT) tool was developed
for solving the real-world university course timetabling problem. The MCPSO and its
hybridisations with five combinations of the IO and EO ratio were embedded into the
HPSOTprogram for constructing the desirable timetableswithminimumacademic oper-
ating costs. The statistical analysis on the computational results suggested that the aver-
ages of the total operating costs associated with the timetables produced by the hybrid
MCPSO for all problem instances were significantly better than those results obtained
from the original MCPSO. The execution times required by all proposed methods were
averagely faster than the original MCPSO for all instances. Moreover, the convergence
speed of the hybrid MCPSO with the IO:EO ratio of 75%:25% was the fastest approach
among the proposed algorithms.
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Abstract. The journal Smart Learning Environments (SLE) published research
work on the issues regarding the reform of learning and teaching methods by
advancing existing learning environments. This study presented a systematic
review of the 108 SLE articles by using bibliometric analysis. This study aimed
to 1) examine the trend in the SLE articles, 2) identify major contributors to the
SLE, 3) identify the top influential SLE articles, 4) explore the frequently used key
phraseswithin the SLE articles, and 5) uncover themajor research topics and issues
concerned by the SLE community. Some interesting results were obtained. First,
the annual SLE article number had grown from seven to 29. Second, the USA and
the University of North Texas had contributed the most to the SLE community.
Also, the “learning environment,” “smart learning environment,” and “learning
process” were the most frequently used key phrases. Additionally, we provided
the top ten most-cited SLE articles based on the citation counts. This study was
helpful in terms of presenting the research status of smart learning environments
to researchers and practitioners, as well as raising their awareness of the major
issues when considering research topics and project themes.

Keywords: Bibliometric analysis · Highly cited articles · Smart learning
environments

1 Introduction

With the advances of novel wireless, ubiquitous, and mobile devices, attempts have
been made to investigate the potentials of mobile and ubiquitous learning to facilitate
the learning and teaching process and to overcome space and time limitations [1].Mobile
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learning involves the adoption of mobiles and wireless devices to enable learning while
moving [2]. Ubiquitous learning can refer to learning in ubiquitous computing envi-
ronments, enabling learning anywhere and anytime [3]. Recently, advances in smart
devices and online technologies have facilitated the emergence of smart learning envi-
ronments (SLEs), which involve various connected sensors and devices for delivering
services whenever and wherever possible [4]. In this sense, it is understandable that
there are some overlaps between mobile learning, ubiquitous learning, and smart learn-
ing.According to Lee et al. [5], smart learning refers to learning in interactive, intelligent,
and personalized learning environments that are designed with the basis of up-to-date
technologies and services, for example, augmented reality, cloud computing, and social
networking services.

In recent years, SLEs have increasingly becomea research hotspot among researchers
worldwide, for example, experts and scholars from computer science and education,
most of whom have shown great concern about the development trend and evaluation
model of SLEs [6]. In this study, with the use of bibliometric analysis, we conducted
a literature review to understand what was going on in SLEs research based on the
publications of the journal Smart Learning Environments (SLE). SLE was chosen for
the following reasons. First, SLE had close relevance to the research target as it aimed
to allow different stakeholders of SLEs to receive an in-depth understanding of each
other’s role in facilitating educational processes as well as how to collaborate to achieve
win-win. It sought scientific publications regarding the reform of learning and teaching
approaches by advancing the present learning environments towards SLEs. Second, as
indicated, it could be insightful to explore the trends, voices, and interpretations of
theories and practices within certain areas based on closely relevant journals [7]. Third,
SLE was open source but did not charge any fee to the authors. Therefore, it was likely to
gather wide authorship. In addition, SLE offered a fast publication schedule, and articles
will be published immediately after acceptance and could be permanently accessed
online instantly upon publication. Therefore, the SLE articles were undoubtedly in close
relation to our research target, and an analysis of the SLE publications could provide a
better understanding of what was going on in this research field.

Bibliometrics is useful in presenting comprehensive trends of research activities in a
particular area. It has been widely adopted in evaluating scientific outputs of a variety of
research fields, for example, classroom dialogue [8], social media for healthcare research
[9], event detection in social media [10], text mining in medical research [11], artificial
intelligence for human brain research [12] and electronic health records processing [13],
as well as natural language processing driven medical research [14]. Particularly, bib-
liometric analysis has also been adopted to evaluate publications of a particular journal,
for instance, the British Journal of Educational Technology [15] and Computers and
Education [16].

To that end, this study aimed to identify the trend of the SLE article count, major
research concerns and issues in the research field of the SLE, particularly using a bib-
liometric analysis method based on articles published by the SLE. To be specific, the
following five research questions were considered.

RQ1: What was the trend of the SLE article count?
RQ2: What were the major contributors to the SLE research?
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RQ3: What were the top influential SLE articles?
RQ4: What were the major issues concerned by the SLE community?

2 Materials and Methods

The framework for collecting and analyzing the data is depicted in Fig. 1. As for data
collection, since the publications of SLE are indexed by Springer, we thus collected all
the SLE publications published from 2014 to 2019 using the Springer database. In this
way, 108 articles were retrieved. We further verified and collected article information
used for data analysis by reviewing full-texts of each article, for example, author address
information, the article title, the article abstract, and the publication year of the article.
As for article citation information, we used the citation information counting up till 11
January 2011, provided by Google Scholar as a measure of article impact.

Fig. 1. The framework for data collection and data analysis

With the collected information for all the 108 SLE articles, we conducted data anal-
ysis mainly in the following four aspects. First, a performance analysis was carried out
to analyze the article trend and to identify prolific countries/regions, institutions, and
authors. Second, a frequency analysis was adopted to identify the most frequently used
key phrases that were extracted from the title and abstract information of each article.
Furthermore, we also identified the most frequently used keywords extracted from titles
and abstracts of the studied articles. In addition, we identified the top ten highly cited
SLE articles based on citation analysis.



356 X. Chen et al.

3 Results

3.1 Analysis of the Article Trend

Figure 2 depicts the timeline of SLE articles from 2014 to 2019. On the whole, the total
number of SLE articles had experienced a significantly increasing trend, from seven
articles in 2014 to 30 articles in 2018. In particular, there was a dramatic increase from
2017 to 2018, i.e., from ten articles to 30 articles. However, from 2018 to 2019, there
was no much change in the number of articles, with 29 articles in 2019. From the trend
analysis of SLE articles, we can conclude that since its first appearance, SLE had received
increasing attention and interest among the authors whowere interested in SLE research.
To a certain degree, this also reflected the growth of research interest in the research field
of SLE.

Fig. 2. Trend analysis of the SLE articles

3.2 Analyses of the Countries/Regions, Institutions, and Authors

To analyze countries/regions, institutions, and authors, all participated authors, and all
of their affiliated institutions, as depicted in each of the articles, were considered. A
total of 40 countries/regions, 130 institutions, and 294 authors made contributions to the
publication of the 108 SLE articles. However, 42.5% of the countries/regions, 83.85%
of the institutions, and 91.16% of the authors contributed to only one article. Table 1
displays 12 most prolific countries/regions with more than three SLE articles. From the
table, we can see that the USA had contributed the most to the SLE research (26 articles),
followed by Canada and China, each with 15 articles. From a citation perspective, it is
worth noting that although with only eight articles, Taiwan had the most citations as
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374, with an index of average citations per article as 46.75, which was the highest within
the 12 listed countries/regions. This indicated the wide influence and impact of the SLE
articles contributed by Taiwan researchers.

Table 1. Top prolific countries/regions

C/R A C ACP H

USA 26 275 10.58 6

Canada 15 134 8.93 5

China 15 317 21.13 6

Taiwan 8 374 46.75 5

Turkey 6 33 5.50 3

Australia 5 169 33.80 3

Germany 5 33 6.60 3

UK 5 41 8.20 4

Finland 4 15 3.75 2

Greece 4 203 50.75 3

Japan 4 55 13.75 2

Norway 4 55 13.75 4

Abbreviations: C/R:
country/region; A: publication
count; C: citation count;
ACP: Citations per article;
H: H-index.

Table 2 displays the top seven prolific institutions with more than two SLE articles.
From the table, we can see that the University of North Texas had contributed the most
to SLE articles as nine, followed by Athabasca University and Beijing Normal Univer-
sity, each with seven articles. From a citation perspective, among the listed institutions,
the SLE articles contributed by National Sun Yat-Sen University (with an ACP value as
21.25), Beijing Normal University (19.14), and University of North Texas (17.44) had
significant scientific impact.

Table 3 displays the top nine prolific authors with more than two SLE articles. From
the table, we can see that Kinshuk affiliated with The University of North Texas had
contributed the most articles (six articles), followed by Michail Giannakos affiliated
with Norwegian University of Science and Technology, and Nian-Shing Chen affili-
ated with National Sun Yat-Sen University, each with four articles. From the citation
perspective, among the listed authors, it is worth noting that although with only three
articles, JonathanMichael Spector affiliated withUniversity of North Texas had themost
citations as 149, with an index of average citations per article as nine, which was the
highest within the nine listed authors. This indicated the wide influence and impact of
the SLE articles contributed by Jonathan Michael Spector.
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Table 2. Top prolific institutions

Institutions C/R A C ACP H

University of North Texas USA 9 157 17.44 2

Athabasca University Canada 7 34 4.86 4

Beijing Normal University China 7 134 19.14 4

Hacettepe University Turkey 5 14 2.80 2

National Sun Yat-Sen University Taiwan 4 85 21.25 2

Norwegian University of Science and Technology Norway 4 55 13.75 4

University of Eastern Finland Finland 3 5 1.67 1

Abbreviations are the same as Table 1 except C/R: country/region.

Table 3. Top prolific authors

Authors Institutions A C ACP H

Kinshuk University of North Texas 6 24 4.00 3

Michail Giannakos Norwegian University of Science and
Technology

4 55 13.75 4

Nian-Shing Chen National Sun Yat-Sen University 4 85 21.25 2

Arif Altun Hacettepe University 3 9 3.00 1

Fathi Essalmi Tunis University 3 24 8.00 3

Hiroaki Ogata Kyoto University 3 54 18.00 2

Jonathan Michael Spector University of North Texas 3 149 49.67 2

Mohamed Jemni Tunis University 3 24 8.00 3

Ronghuai Huang Beijing Normal University 3 18 6.00 2

Abbreviations are the same as Table 1.

3.3 Analysis of the Key Phrases and Key Words

The top 24most frequently used key phrases are depicted in Table 4, with “learning envi-
ronment (in 22 SLE articles)” as the most frequently used, followed by “smart learning
environment (16)”, “learning process (12),” and “learning analytics (11).” Other impor-
tant key phrases included “smart learning (10),” “case study (7),” “learning experience
(7),” “educational context (6),” “learning material (6),” “learning system (6),” and “ped-
agogical approach (6).” Such key phrase frequency analysis provided insights into what
issues had been discussed most within the SLE community.

The top 26 frequently used key words are listed in Table 5. There were two learner-
relatedwords, including “student (in 52 SLE articles)” and “learner (38),” ranking among
the top three, indicating that learner was an essential issue concerned by the SLE com-
munity. Moreover, the application of systems or technologies was also a major concern,
with relevant words such as “system (37),” “smart (36),” “application (21),” “online
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Table 4. Top 24 key phrases ranked by frequency

Key phrases A P Key phrases A P

Learning environment 22 20.37% Computer science 5 4.63%

Smart learning environment 16 14.81% Educational resource 5 4.63%

Learning process 12 11.11% Educational setting 5 4.63%

Learning analytics 11 10.19% Learning activity 5 4.63%

Smart learning 10 9.26% Data collection 4 3.70%

Case study 7 6.48% Educational game 4 3.70%

Learning experience 7 6.48% Educational system 4 3.70%

Educational context 6 5.56% Learning approach 4 3.70%

Learning material 6 5.56% Learning object 4 3.70%

Learning system 6 5.56% Middle school 4 3.70%

Pedagogical approach 6 5.56% Significant difference 4 3.70%

Communication technology 5 4.63% Undergraduate student 4 3.70%

Abbreviations: A: article count; P: percentage.

(19),” and “computer (18).” In addition, issues concerning smart learning environments
such as “design (25),” “evaluation (20),” “challenge (19),” and “framework (18)” had
also been frequently discussed within the SLE community.

Table 5. Top 26 key words ranked by frequency

Key phrases A P Key phrases A P

Student 52 48.15% Evaluation 20 18.52%

Education 40 37.04% Experience 20 18.52%

Learner 38 35.19% Method 20 18.52%

System 37 34.26% Need 20 18.52%

Smart 36 33.33% Work 20 18.52%

Data 32 29.63% Challenge 19 17.59%

Model 28 25.93% Course 19 17.59%

Teaching 27 25.00% Framework 19 17.59%

Design 25 23.15% Online 19 17.59%

Content 24 22.22% Practice 19 17.59%

Tool 24 22.22% Skill 19 17.59%

Activity 21 19.44% Teacher 19 17.59%

Application 21 19.44% Computer 18 16.67%

Abbreviations: A: article count; P: percentage.
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3.4 The Top Ten Highly Cited SLE Articles

Based on the Google Scholar citation, the top ten highly cited SLE articles were iden-
tified. The top ten highly cited SLE articles covered particular issues, for example,
definitions, characteristics, frameworks, criteria, and challenges conceding SLEs. The
top most cited SLE article was written by Hwang [17], which presented the definition
and criteria of SLEs, proposed a framework of designing and developing SLEs for sup-
porting online and offline learnings, discussed technologies for facilitating SLEs and
the characteristics and criteria concerning smart learning, as well as pointing out issues
regarding smart learning research. The second most cited SLE article was by De Jong
et al. [18], which described the Go-Lab philosophy and its initial implementations. The
third was by Spector (2014) [19], which presented a framework for various contexts,
indicating necessary features specific to typical conditions, and proposed a method to
evaluate SLEs. The fourth was by Zhu et al. [20], which discussed the definition of smart
education, proposed a four-tier framework of smart instructions, illustrated the major
characteristics of SLEs, proposed a technological framework of smart education, and
discussed challenges of smart education. The fifth one was by Smeda et al. [21], which
proposed a constructivist learning context using digital storytelling, and examined the
instructional issues concerning digital storytelling as well as how digital storytelling
affected student learning while leaning with digital stories. The sixth one was by Chen
et al. [22], which introduced the characteristics and advantages of blockchain technol-
ogy, investigated several existing blockchain applications for education, and pointed out
the benefits and challenges of the adoption of blockchain technologies for educational
purposes. The seventh one was by Koper [23], which investigated and defined several
key concepts related to SLEs, described the human learning interfaces, presented the def-
inition of SLEs, pointed out a strong challenge for SLEs research, and discussed several
research issues concerning human learning interfaces and its adoption. The eighth one
was by Gros [24], which discussed key features of smart learning and major challenges
for the design of SLEs for supporting personalized learning. Moreover, Scardamalia and
Bereiter [25] examined the implications of complexity theory for designing educational
technologies. In addition, Mouri and Ogata [26] proposed a novel visualization system
by integrating network visualization technologieswith a time-mapwith the basis of ubiq-
uitous learning analytics. They further assessed whether the visualization system was
beneficial in terms of discovering relationships between learners and ubiquitous learning
analytics, as well as whether the proposed ubiquitous learning graph was easy-to-use.

4 Discussions

This study carried out a bibliometric analysis of SLE articles to obtain a thorough review
of the status and trends of SLE research. The trend analysis of the SLE articles indicated
a significant growth of the SLE publications in academia. This, to a certain degree,
reflected an increasing interest in the research concerning smarts learning environments.
From the country/region analysis, the USAwas themost prolific one that had contributed
the most to the SLE community. However, from the perspective of the average citations
per article, Taiwan was at the first position with an index of average citations per article
as 46.75, indicating the wide influence and impact of the SLE articles contributed by
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Taiwan. From the institution analysis, theUniversity of North Texaswas themost prolific
with nine articles.

Word frequency analysis indicated that the SLE articles covered a wide range of
interests from multiple research perspectives within the community. This was helpful
in terms of enabling a better understanding of the research foci in the SLE community.
Some important implications concerning research topics and issues are illustrated as
follows.

4.1 Important Issues to Be Highlighted

Findings of key phrase analysis offered significant insights into essential concerns among
the SLE community. The following are worth highlighting.

First, SLEs were frequently discussed within the SLE community, with several rele-
vant frequently used phrases, for instance, “learning environment,” “smart learning envi-
ronment,” and “smart learning.” As indicated by Spector [19], learning environments
had changed significantly during the past five decades, particularly due to innovations in
information and communication technologies. SLEs are physical contexts created using
digital, context-aware, and adaptive devices, aiming at facilitating the learning process
[23] and enhancing tailored learning [27] efficiently.

Second, learning analytics was frequently discussed in research about SLEs. As a
data-enhanced method aiming to understand better and optimize learning and learning
environments, learning analytics can make a great difference to smart learning [28].
Learning analytics involves a variety of tools and methods for collecting and analyz-
ing data gathered in a smart classroom [29]. For example, by using learning analytics,
Şahin and Yurdugül [30] proposed an intervention engine with interventions concerning
instruction, support, and motivation. Ahad et al. [31] proposed a safeguarded and flexi-
ble architecture of an educational model based on the Internet of Everything as well as
learning analytics system based on deep learning.

Moreover, there were many authors showing great interest in studying learning pro-
cesses inSLEs. For example,Martens et al. [32] described an evaluationmethodproposed
in a KOSMOS-2 project for smart support of the process of learning and teaching, while
Hartley [33] focused on the conceptualization and support of learning process by using
conceptual mapping. In SLEs, learners are required to be conscious of their learning
performance in order to realize self-regulated learning [34].

In addition, as indicated, SLEs are learner-centered and aim to achieve effective
learning [35]. Therefore, we could see keywords such as “student” and “learner” fre-
quently appearing in the SLE articles. In SLEs, systems are able to perceive the scenes of
learning activities and identify learners’ characteristics and automatically provide them
with suitable learning materials [6]. Noh et al. [36] also pointed out that smart leaning
usually took place in learner-driven collaborative learning contexts where digital content
and services for interaction purposes were involved. SLEs can thus be considered as a
learner- and service-driven education approach [5].



362 X. Chen et al.

4.2 Significance of the Research Findings

The significance of the research findings can be summarized in the following aspects.
First, it fills the research gap by presenting generalized insights into the publication trends
in SLE. Second, it enables scholars and educators to understand the status and trends of
SLE better. Third, it enables scholars and educators to recognize important contributors
to conduct collaborations and share research on smart learning environments. Moreover,
it raises the awareness of scholars and educators in terms of predominant research topics
concerning SLEs. In addition, the findings can be insightful for companies and govern-
ments in terms of resource allocations concerning scientific and technological activities
about smart learning.

5 Conclusion Remark and Future Work

This study explored the status and trends of SLE research with the utilization of bib-
liometric analysis. Admittedly, the results and findings were based on only one journal,
further studies onmore relevant articles collected using keywords search in datasets such
as Web of Science and Scopus can be considered. In this way, more comprehensive and
solid results can be obtained to enable a more solid understanding of the research field.
Moreover, advanced topic modeling methods such as structural topic modeling can be
adopted to explore research strength for important contributors. In this way, research
strength concerning SLEs of different actors can be identified and appreciated. In addi-
tion, manual coding and meta-analysis methods can be further considered to obtain
a more in-depth understanding of what has happened as well as what is happening
concerning SLEs.
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Abstract. The purpose of this study is to explore the impact of cooperative learn-
ing strategies on pupils’ learning engagement in a smart classroom environment.
This study adopts a one group pre-test and post-test design to study a third-grade
music class, “Tiger Molar”. This class centers on cooperative learning activities
and carries out teaching activities in a smart classroom. The study finds that: (1)
In the smart classroom environment, cooperative learning strategies help improve
students’ learning engagement as a whole. The learning engagement includes
positive behavior engagement, negative behavior engagement, positive emotional
engagement, and negative emotional engagement. Furthermore, students’ negative
behavior engagement and negative emotional engagement decreased significantly.
(2) When using cooperative learning strategies the smart classroom environment,
there is no significant difference in learning engagement between boys and girls.

Keywords: Smart classroom · Cooperative learning strategy · Learning
engagement

1 Introduction

The “Smart Classroom”was first proposed by Rescigno in 1988 [1]. The classroom envi-
ronment should be a kind of new classroom in which teaching content can be optimized
to facilitate the acquisition of learning resources to promote classroom interaction [2].
Smart classrooms have evolved from traditional classrooms [3]. Compared with tradi-
tional learning environments, smart learning environments facilitate just-in-time learning
as they can provide various levels of adaptation and precision of diversified learning con-
ditions for the learners. Some new teachingmethods such as cyber synchronous learning,
mobile learning, etc. are used in smart classrooms [2, 4]. These learning methods are
not available in traditional classrooms.

There is growing evidence that student engagement plays a pivotal role in successful
learning and teaching [5]. A higher level of engagement is associated with favorable
learning outcomes [6, 7]. However, how to improve students’ learning engagement has
been plaguing front-line teachers and education researchers. Studies have shown that
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teachers’ choice and application of evaluationmethods, teachingmethods and techniques
during learning teaching will have a certain impact on students’ learning engagement
[8]. Moreover, the learning environment created by smart classrooms can effectively
promote students’ learning interest, learning motivation, engagement, and effectiveness
[9]. For example, XuXianlong, GuXiaoqing, and other scholars believe that smart class-
rooms can provide strong technical support for the development of group cooperative
learning. Achieve students’ transition from lower cognitive goals to higher cognitive
goals [10]. Scholars such as Al-Qirim believe that teachers use various learning interac-
tion tools in a smart classroom can stimulate students to actively participate in teaching
activities. Therefore, effective and in-depth interaction between teachers and students
can be achieved [11].

The literature review shows that articles mainly focus on the positive influence of
smart classrooms on students’ learning engagement in higher education. However, few
scholars have studied the impact of smart classrooms on pupils’ learning engagement. In
particular, study on the impact of a certain teaching strategy on students’ learning engage-
ment in a smart classroom environment. Based on the above study needs, this study uses
the following questions guided our study design: (1) What’s the impact of cooperative
learning strategies on pupils’ learning engagement in a smart classroom environment.
(2) When using cooperative learning strategies in a smart classroom environment, are
there any differences in learning engagement between boys and girls. Finally, from the
perspective of improving students’ learning engagement, this study puts forward sug-
gestions for teachers on how to implement cooperative teaching strategies in a smart
classroom environment.

2 Literature Review

2.1 Research on the Status of Cooperative Learning Strategies

Cooperative learning is a learning model that uses groups as a learning unit to complete
learning tasks through mutual learning. Many researchers have shown that cooperative
learning strategies have positive effects on students’ learning in many ways. Such as
improving peer relationships, enhancing class cohesion, increasing learning interest,
and improving learning performance on a large scale, especially for the less advanced
students [12]. The cooperative research conducted inAmericanuniversities found that the
impact of cooperative learning on students can be divided into the following four aspects:
(1) learning success (2) relationship quality (3) psychological adjustment (4) positive
attitude towards university experience [13]. In China, Xu Xianlong and other scholars
believe that smart classrooms can support for the development of group cooperative
learning, effectively improve students’ learning engagement and learning interest [10].
However, the impact of applications of cooperative learning strategies on pupils’ learning
engagement in a smart classroom environment is still lacking in the literature.

2.2 Research on Learning Engagement

Students’ learning engagement has been extensively studied since the 1980s [14]. There
are many domestic and foreign scales for measuring student learning engagement.
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For example, Miserandino revised “the Rochester Assessment Package for Schools”
to get a scale that includes two dimensions: behavior and emotion [15]. In China, Wang
Yashuang’s team designed a five-dimensional scale that includes metacognitive strate-
gies, peer interaction, deep cognitive strategies, teacher-student interaction, and enthusi-
asm for learning [16]. However, there are relatively few studies on measuring the learn-
ing engagement of pupils in smart classrooms. This study hopes to provide a theoretical
reference for improving learning engagement in smart classrooms.

3 Course Design and Implementation of Music Class “Tiger
Molar”

3.1 Course Introduction

“Tiger Molar” is a music class in the third grade of elementary school. The song used
in this class is taken from Chinese classic music. This class creates a story background
for the song “Tiger Molar”. Students need to create an appropriate soundtrack based on
the story. On the one hand, “Tiger Molar” is composed of a variety of folk percussion
melody. Students can use the “GarageBand” app on the iPad to simulate differentmusical
instruments for creation. In this way, each student has the opportunity to be exposed to
a variety of musical instruments. On the other hand, this song has five sections, which
are suitable for group cooperation to reduce the task of students.

The goals of this music are: (1) Students can understand the characteristics of folk
percussion instruments inmusic performance. (2) Students can use their imagination and
choose suitable instruments for music creation. (3) Students can use different playing
methods of the same instrument to express different images of tigers.

3.2 Environment Analysis of the Smart Classroom

The primary school affiliated to Huazhong University of Science and Technology is a
key primary school in Wuhan, China. The smart classroom environment of this study
was carried out in the multi-functional hall of this school. The multi-function hall of
this school contains basic hardware facilities, teaching recording and broadcasting sys-
tems, multimedia teaching systems, iPad and wireless network to assist teaching. Smart
classrooms like this have advantages of optimizing the presentation of teaching con-
tent and promoting interactive activities in the learning [2]. Compared with traditional
classrooms, smart classrooms are more intelligent, which is conducive to stimulating
students’ learning interest, improving teaching quality, and promoting the integration
of information technology and teaching [17]. Teachers can use the AirPlay function
on the iPad to project the teaching content onto the LED screen. This not only allows
teachers and students to clearly see the learning content but also promotes interactive
activities. Teachers can use the learning interactive platform to publish learning tests
to understand the students’ current learning situation. After the class, teachers can also
watch the recorded videos repeatedly to find out problems in the teaching process.
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3.3 APT Teaching Model

In the information age, many experts and scholars have proposedmodels for information
technology teaching. These include the “APTmodel” proposed by Professor Zhang, Bai
and Li [18] in Central China Normal University. As an informative teaching model, APT
focuses on the integration of assessment, pedagogy, and technology [2]. Studies have
shown that teaching based on the APT teaching model has a significant positive impact
on pupils’ learning interest [18]. The APTmodel for music class “TigerMolar” is shown
below (Fig. 1). In terms of pedagogy, this class focuses on cooperative learning.

Fig. 1. APT teaching model of “Tiger Molar”

3.4 Tiger Molar Instructional Design and Implementation

“Tiger Molar” is a third-grade music class in elementary school. The course design
includes two parts: preview before class and smart classroom teaching. In the first part
(preview before class): the teacher divides the whole class into five groups with six
people in each group. Students learn to use “GarageBand” on the iPad in groups. In
other words, students are already familiar with the use of the iPad before the formal
class. In the second part (smart classroom teaching): this part is mainly composed of
seven steps: Situational Introduction and Brainstorming, Review Previous Knowledge,
First Cooperation, Group Presentation, The Second Cooperation, Class Performance,
and Outreach Activity. These teaching activities are shown in Table 1.

The following supplement explains how technology and evaluation support teaching
and how cooperative learning activities are carried out. The on-site teaching environment
is shown in Fig. 2. The operation interface of the “GarageBand” application is projected
on the LED screen.

• Situational Introduction and Brainstorming (0–8 min): The teacher uses the LED
screen and the Seewo teaching machine to present courseware and use the situation
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Table 1. Teaching activities of “Tiger Molar”

Activities Description Assessment/Pedagogical/Technical

Situational Introduction and
Brainstorming (0–8 min)

(1) Student A recites the
story of “Tiger Molar”
without a soundtrack

(2) Student A recites the
story again with a
soundtrack

(3) The teacher guides
students to think about
where the soundtrack
has been added to the
story and how the
soundtrack has
influenced the story

(4) The teacher guides
students to think about
which sounds in the
story can be simulated
with musical
instruments?

(5) Students use the
“GarageBand”
application on the iPad
to conduct independent
exploration

A: Instant Evaluation;
P: Situation Approach;
Brainstorming
T: LED Screen;
Seewo Teaching
Machine;
iPad (“GarageBand”)

Review Previous
Knowledge (8–13 min)

(1) The teacher leads
students to review four
rhythm patterns: “x”,
“xx”, “x- “and “x. x”

(2) The teacher invites
student B to write a
four-bar rhythm
according to the above
rhythm and select a
musical instrument to
play in “GarageBand”

(3) The teacher asks other
students to carefully
observe whether
student B’s rhythm is
written in norms

A: Peer Evaluation
P: Brainstorming
T: LED Screen;
Seewo Teaching
Machine;
iPad (“GarageBand”)

(continued)
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Table 1. (continued)

Activities Description Assessment/Pedagogical/Technical

First Cooperation (13–25) (1) The teacher distributes
task lists and assigns
group learning tasks.
Each group will write a
soundtrack for one of
the scenes in the whole
story

(2) The teacher presents
fun evaluation criteria
and prompts students to
start the five-minute
countdown

(3) Through teamwork,
everyone completes a
creative work

(4) The teacher allows
students to share their
work in their own group
and each group judges
the best work. The team
leader uploads the best
work to the cloud
platform

A: Peer Evaluation
Gauge Evaluation
P: Task-driven Approach;
Cooperative Learning
T: LED Screen;
Seewo Teaching
Machine;
iPad (“GarageBand”)

Group Presentation
(25–34 min)

Each group takes turns to
play and other groups give
revise opinions

A: Peer Evaluation
P: Cooperative Learning
T: LED Screen;
Seewo Teaching
Machine;
iPad (“GarageBand”)

The second cooperation
(34–36 min)

Each group reflects and
revises the work based on
the revision opinions

P: Cooperative Learning
T: iPad (“GarageBand”)

Class Performance (36–38) Each group plays a scene of
“Tiger Molar” in turn. Five
scenes correspond to five
groups

A: Teacher Evaluation
P: Cooperative Learning
T: LED Screen;
Seewo Teaching
Machine;
iPad (“GarageBand”)

Outreach Activity
(38-40 min)

The teacher participates in
students’ presentation. The
teacher sings the story
while students play together

P: Cooperative Learning
T: iPad (“GarageBand”)
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Fig. 2. Smart teaching environment

approach to introduce the course. Then the teacher guides the teaching step by step by
continuously asking questions to the students. Students brainstorm to answer questions
and the teacher evaluates the students’ answers in real time. After brainstorming,
students use the iPad to explore.

• Review Previous Knowledge (8–13 min): The teacher presents the content to be
reviewed through the LED screen and the Seewo teaching machine. Then the teacher
invites student B to write rhythm through the electronic whiteboard function of Seewo
teaching machine and perform with “GarageBand”. The rest of the students find
and point out the problems in the writing and performance of student B through
brainstorming.

• FirstCooperation (13–25min):The teacher presents group tasks and evaluationgauges
(Fig. 3) through the LED screens and the Seewo teaching machine. Then students use
the “GarageBand” app on the iPad to simulate musical instruments for music creation
and complete the task list (Fig. 4). When students fill out the task list, the teacher uses
“AirPlay” to project the content on the task list onto the LED screen. Students share
their work within the group and evaluate others’ work according to the gauge. Finally,
team leaders uploaded representative works to the cloud platform through the iPad.

Fig. 3. Evaluation gauge Fig. 4. Task list
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• Group Presentation (25–34 min): The teacher downloads group works from the cloud
platform. During the group presentation, each student is only responsible for the per-
formance of one instrument. Each group completes the ensemble through cooperation.
Through peer evaluation, each group gets revise opinions.

• The Second Cooperation (35–36 min): Discuss and modify the work in groups.
Students test on “GarageBand”. Team leaders upload the work again via iPad.

• Class Performance (36–38min): The teacher evaluates the performance of each group.

4 Experiment Design and Data Analysis

4.1 Research Object and Process

This study selects 40 students from the third grade of Primary School Affiliated to
Huazhong University of Science and Technology as the research objects, including 22
boys and 18 girls. In this study, researchers conduct a pre-test of students’ learning
engagement before the experiment course and conduct a post-test of students’ learning
engagement after the experiment course.

4.2 Measuring Tools

This research mainly uses questionnaires to analyze the impact of cooperative learning
strategies on pupils’ learning engagement in a smart classroom environment. The mea-
surement tool used by this study is the “Questionnaire onPupils’ LearningEngagement in
the Smart Classroom Environment”. The questionnaire is adapted from the “Behavioral
Engagement andDisaffection Scale” designed by Skinner, Kindermann, and Furrer [19].
The questionnaire used in this experiment is shown in Table 2. It includes two dimen-
sions of positive engagement and negative engagement. The positive engagement level
consists of positive behavior engagement and positive emotional engagement; the nega-
tive engagement level consists of negative behavior engagement and negative emotional
engagement. The questionnaire consisted of 16 questions, of which the second, fourth,
sixth, eighth, tenth, twelfth, fourteenth, and fourteenth questions were reverse questions,
and the Likert scale was used. The overall Cronbach’s Alpha value calculated by SPSS
software is 0.851, indicating that the questionnaire has good reliability. To ensure the
validity of the questionnaire, the author invited two experts to evaluate the questionnaire,
and the experts believed that the questionnaire had good validity.

4.3 Analysis of Experimental Research Data

This section analyzes the impact of cooperative learning strategies on pupils’ learning
engagement in the smart classroom environment based on data obtained from the ques-
tionnaires. A total of 80 questionnaires were distributed in two rounds, and 78 were
collected. After excluding the invalid questionnaires, 70 valid questionnaires accounted
for 87.5% of the number of questionnaires issued.

Analysis of the Status of Students’ Learning Engagement
To explore the impact of cooperative learning strategies on pupils’ learning engagement
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Table 2. Questionnaire

Components Item description

Positive behavior
engagement

Q1: When I take a music class in a smart classroom, I work as hard as
I can

Q5: When I take a music class in a smart classroom, I participate in
class discussions

Q9: When I take a music class in a smart classroom, I pay attention in
class

Q13: When I take a music class in a smart classroom, I listen very
carefully

Negative behavior
engagement (-)

Q2: When I take a music class in a smart classroom, I think about
other things

Q6: When I take a music class in a smart classroom, I just act like I’m
working

Q10: When I take a music class in a smart classroom, I don’t try very
hard.

Q14: When I take a music class in a smart classroom, I will do things
not related to the class

Positive emotional
engagement

Q3: When I work on something in a smart classroom, I feel interested

Q7: The knowledge learned in music class is useful for life

Q11: When I take a music class in a smart classroom, I enjoy learning
new things

Q15: When I take a music class in a smart classroom, I feel good

Negative emotional
engagement (-)

Q4: When I work on something in a smart classroom, I feel bored

Q8: When the quality of my work is not good, I feel frustrated

Q12: When I take a music class in a smart classroom, I feel nervous

Q16: Music classes in a smart classroom are not all fun for me

in the smart classroom environment, the author uses SPSS to conduct paired-sample
T-tests based on the data of the questionnaire. The results are shown in Table 3. The
scores about negative behavior engagement and negative emotional engagement in the
Table 3 have been reversed, because they correspond to the reverse questions in the
questionnaire. The scores of post-test in these three dimensions are higher than the
scores of pre-test: negative behavioral engagement, positive emotional engagement, and
negative emotional engagement. In addition, there are significant differences between
the scores before and after the test: negative behavioral engagement (p = 0.005< 0.01)
and negative emotional engagement (p = 0.040 < 0.05).

Among all the questions, these two questions have the highest scores: “when I take a
music class in a smart classroom, I listen very carefully” and “when I work on something
in a smart classroom, I feel interested”,with scores of 4.800 and 4.771 respectively. This
shows that the smart classroom learning environment is very attractive to students. Smart
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Table 3. Comparative analysis of learning engagement

Group Variable N Mean Std. deviation t Sig.

Positive behavior engagement Pre-test 35 4.757 0.390 1.246 0.221

Post-test 35 4.692 0.518

Negative behavior engagement Pre-test 35 3.807 0.905 −3.024 0.005**

Post-test 35 4.128 0.800

Positive emotional engagement Pre-test 35 4.600 0.647 −6.760 0.504

Post-test 35 4.657 0.535

Negative emotional engagement Pre-test 35 4.207 0.993 −2.131 0.040*

Post-test 35 4.457 0.807

*p < 0.05, **p < 0.01, ***p < 0.001

Table 4. Comparison of group learning engagement

Positive
behavior
engagement

Negative
behavior
engagement

Positive
emotional
engagement

Negative
emotional
engagement

Problems in
music works

Pre-test
(Group1)

4.857 3.179 4.892 3.678 The sound of
playing the
musical
instruments is
too loud

Post-test
(Group1)

4.893 3.714 4.892 4.035

Pre-test
(Group2)

4.781 3.812 4.218 4.437 The sound of
playing the
musical
instruments is
too loud

Post-test
(Group2)

4.812 4.187 4.437 4.625

Pre-test
(Group3)

4.666 4.250 4.625 4.333 The choice of
musical
instruments is
not suitable

Post-test
(Group3)

4.500 4.333 4.625 4.375

Pre-test
(Group4)

4.892 3.964 4.785 4.714 Have rhythm
problems

Post-test
(Group4)

4.642 4.321 4.678 4.821

Pre-test
(Group5)

4.571 3.892 4.537 3.857 Few types of
musical
instrumentsPost-test

(Group5)
4.571 4.107 4.678 4.392
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classrooms can support teachers to carry out cooperative learning activities and increase
students’ interest in the class.

The mean scores of five groups’ learning engagement are shown in Table 4. Among
them, the problems in the works of Group 1 and Group 2 are relatively light. The data
shows that Group 1 and Group 2 have relatively high levels of learning engagement. In
other words, a higher degree of learning engagement can make students learn better.

Analysis of Differences in Learning Engagement between Boys and Girls
As can be seen from the Table 5, both boys and girls show a high level of learning
engagement in the smart classroom. The scores of girls on the negative behavior level
(4.194 > 4.058) and negative emotion level (4.555 > 4.352) are slightly higher than
boys, but there is no significant difference. The scores of boys and girls are roughly the
same at the positive behavior level (4.691≈ 4.694) and the positive emotion level (4.661
≈ 4.652). Therefore, when using cooperative learning strategies in a smart classroom
environment, there is no significant difference in learning engagement between boys and
girls.

Table 5. Comparison of learning engagement between boys and girls

Variable N Mean Exact Sig. [2* (1 − tailed Sig.)]

Positive behavior engagement Boy 17 4.691 .732b

Girl 18 4.694

Negative behavior engagement Boy 17 4.058 .909b

Girl 18 4.194

Positive emotional engagement Boy 17 4.661 1.000b

Girl 18 4.652

Negative emotional engagement Boy 17 4.352 .832b

Girl 18 4.555

a. Grouping Variable: Gender
b. Not corrected for ties.

5 Conclusion

This study explores the impact of cooperative learning strategies on pupils’ learning
engagement in the smart classroom environment. The study finds that: (1) In the smart
classroom environment, cooperative learning strategies are conducive to reducing stu-
dents’ negative behavior engagement and negative emotional engagement. However,
there are no significant effect on positive behavior and positive emotional engagement.
The reason for this phenomenonmay be the short implementation time of teaching strate-
gies. Therefore, the research time can be extended in future research so that students can
adapt to the relevant environments and teaching strategies. (2) In the smart classroom
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environment, there is no significant difference in learning engagement between boys and
girls. The reason for this phenomenon may be that the sample size is not large enough.
Therefore, in future research, the scope of research objects can be expanded, and the
number of students in schools, disciplines, and grades can be increased.

Here are some suggestions for developing cooperative learning in smart classrooms:
(1) During the research, the author finds that pupils are often attracted by irrelevant
content on the iPadwhen they carry out group cooperation activities in smart classrooms.
Therefore, teachers are advised to clarify the rules of group activities and select team
leaders to supervise the behavior of team members before class. Teachers should also
delete or lock irrelevant apps on iPads before class. In this way, students can work
more focused and get better teaching results. (2) In addition, teachers can use a variety
of cooperation methods. Cooperation can be within groups, between different groups,
and between teachers and students. Technology is like “lubricating oil” that makes the
teaching process progress more smoothly. All in all, teachers should make full use of
cooperative activities and smart classroom environment to improve student learning
engagement and ultimately achieve better teaching results.
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Abstract. Classroom revolution is an essential trend in the fundamental educa-
tion field in China within the education informatization 2.0 era. And it is crucial to
deepen talent cultivation model reform and bolster students’ creativity and prac-
tical ability. Generative teaching, a new teaching model derived from generativist
perspectives, emphasizes the traditional classroom reformation and dynamic edu-
cational generation. The intelligent environment empowers the development and
application of generative classrooms due to its advanced technological character-
istics. This study develops a primary school Chinese reading generative classroom
model based on theoretical reasoning and practical research. In addition, this study
applies the model in teaching practice and produces an evaluation index system
to assess its effectiveness. The results indicate that using the generative classroom
model can achieve the Chinese reading classroom’s teaching objectives, promote
students’ reading abilities and Chinese literacy.

Keywords: Generative teaching · Chinese reading · Teaching model · Assess
effectiveness

1 Introduction

The new round of scientific and technological revolution represented by the fifth-
generation mobile communication technology leads to a fundamental change to the
society. Under the background of the new era, the calls for “classroom revolution” has
gradually become the mainstream. Training people with core qualities has become a
new educational task. Among many qualities, reading quality is one of the most basic
and critical. Reading is the cornerstone of human acquisition of knowledge and com-
munication. In the digital era with the explosive growth of knowledge, it is particularly
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important to have the good reading ability. Chinese reading course in basic education is
an important way to cultivate students’ reading ability. The new curriculum reform puts
forward higher requirements for Chinese reading teaching, paying more attention to stu-
dents’ active construction, ability improvement, and personality development in reading
courses. Generative teaching is a new teaching model from the perspective of generative
philosophy. It pays attention to students’ independent inquiry and meaning construction,
emphasizes flexible presupposition and dynamic generation of teaching, and becomes
an effective way to cultivate students’ quality. At the same time, its dynamic generation
process is inseparable from the technical support provided by the intelligent classroom
teaching environment. The combination of the generated teaching concept and the tech-
nical function of the intelligent classroom can effectively change the traditional Chinese
reading classroom form, reconstruct the teaching process, and provide more possibilities
for the generation and implementation of the Chinese reading class. Based on this, the
study applies generative teaching of Chinese reading-related theory as the guide, relying
on the Guangzhou LuDiXi primary school as the platform to implement the generative
class model within the Chinese reading intelligent environment and advance the research
of the model’ effect. With the basis of literature research and practice experience, this
study intent to construct the Chinese reading generative classroommodel from the smart
classroom and practice the model in the teaching. Following the model, we also design
the corresponding evaluation system to test the model experiments, so as to provide
theoretical guidance for Chinese reading teaching reform and practice of reference.

2 Literature Review

2.1 Generative Teaching

Wittrock MC, an American educational psychologist, first proposed the concept of
“generative learning”. He believed that the generative learning process is the genera-
tion process in which the original cognitive structure of the learning subject interacts
with the sensory information received from the environment and actively constructs the
information meaning [1]. However, professor Ye Lan was the first to put forward the
idea of generative teaching in China. She believed that we should “use the concept of
dynamic generation to comprehensively understand classroom teaching and construct a
new concept of classroom teaching” [2].

At present, the research trending of generative teaching focuses on the theoretical
research, action research, model design, teaching application and development strat-
egy of generative teaching. For example, Wang Jian et al. using generative philosophy
and other theories as the point of penetration to discussed the main theoretical basis of
generative teaching concept, combining with the results of classroom process research,
proposed the classroom interaction model of generative teaching [3]; Brinton C G et al.
studied user behavior in courses offered by MOOC providers, used linear regression
model to analyze forum activity data, and proposed a generative design model [4]; Tres-
palacios J H compares two learning theories from generative learning and conducts
a practical research on how to use virtual teaching AIDS to improve rational number
teaching for third-grade students [5]; According to the basic idea of generating curricu-
lum, Yu sheng Quan et al. designed and implemented a teacher-student collaborative



380 X. Chen et al.

curriculum [6]; Taking the electronic schoolbag as an example, Xie You Ru et al. con-
structed a generative intelligent learning environment and applied it [7]; By analyzing
the characteristics and shortcomings of traditional classroom questioning, Zhao Ming
Ren et al. studied classroom questioning strategies from the perspective of generative
teaching [8].

It can be seen that generative teaching, as a new educational concept, has obtained a
certain research basis in theoretical research, model construction and practical applica-
tion. However, in the field of basic education, there are relatively few teaching models
combining the characteristics of specific subjects.

2.2 The Application of Intelligent Technology in Chinese Classroom

Artificial intelligence technology, cloud computing, Internet technology, big data, fusion
reality and other intelligent technologies bring new ideas for teaching reform, so in the
basic education, more and more attention is paid to the application of these intelligent
technologies in the classroom. Under the guidance of the national education informa-
tization construction and development policy, many schools have been equipped with
high-speed broadband and related intelligent equipment, and started to carry out edu-
cational application experiments of intelligent technology. At present, the research on
the application of intelligent technology in Chinese classroom mainly focuses on strat-
egy research, teaching model construction and effect analysis. For example, Huang
Tao et al. introduced artificial intelligence technology to assist the teaching of primary
school Chinesewriting, aiming at the problems ofwriting obstacles in the teaching of pri-
mary school Chinese writing. He also proposed a human-machine collaborative support
model of primary school Chinese writing teaching [9]; Huang YongYu made a research
on the effective integration of comprehensive Chinese learning in primary school based
on intelligent terminal equipment and cultivating students’ high-level thinking and its
effect [10]; Xue Sheng Lan proposed the “smart phone+Moodle platform” to construct
the teaching interactive feedback system, and discussed the implementation method,
application mode and practical effect of IRS system based on smart phone applied to
Chinese classroom teaching [11].

To sum up, the application of intelligent technology in the Chinese classroom is still
in the exploration stage, and some relevant theoretical researches have appeared, but
the foundation is weak. In order to form a scientific system, it is necessary to integrate
intelligent technology into classroom teaching and summarize the supporting effect of
technology on classroom teaching.

3 Model Development

3.1 Rationale

Generative Teaching Theory. The traditional classroom has been difficult to meet the
students’ personality development and social requirements for talent training, the current
teaching reform in China advocates from “pre-learning activities and behaviors” to “gen-
eration”. Generative teaching is on the foundation of elastic preset, in which teachers
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and students interact fully and adjust teaching activities and behaviors constantly, jointly
construct and form new information and resources of the dynamic process, to achieve
the teaching objectives and create supplementary [12]. Besides generative teaching is
characterized by nonlinearity, concreteness, diversity, difference, interactivity and cre-
ativity [13]. In generative teaching, the interaction between teachers and students can
make students actively participate in the teaching process, so as to generate students’
reading methods, reading thinking and reading ability. It can let students learn indepen-
dently, lay a foundation for cultivating students’ innovation ability and imagination, and
improve students’ key competency.

Primary School Chinese Reading Literacy and Teaching Process. We’re in an era
of information, reading is an important way of human development, and citizens’ reading
literacy is an important symbol of a country’s civilization. Reading literacy refers to the
process of individuals’ understanding, application, reflection and active participation in
reading activities [14]. According to the Chinese curriculum standard for senior high
schools issued in 2017 that the key competency of Chinese consists of language under-
standing and application, thinking development and promotion, aesthetic appreciation
and creation, and cultural inheritance and understanding. This provides a reference for
the target dimension of Chinese reading teaching in basic education. And it can be seen
that reading literacy has become an important part of the key competency of Chinese.

Primary school Chinese reading class is the main way to cultivate reading literacy,
is one of the most important classes in the Chinese subject of basic education. In the
long-term practice and theoretical research, gradually formed some typical Chinese
reading teaching path [15–17]. Combined with literature research and long-term front-
line teaching and research experience, this study extracts the general path of Chinese
reading teaching, and believes that the teaching model should include primary reading,
detailed reading, quality reading, extended reading, writing and other major links.

3.2 Development of Primary School Chinese Reading Generative Classroom
Model

Under the guidance of generative teaching theory, we analyze the connotation of Chinese
reading teaching and the function of intelligent technology environment. Then we theo-
retically deduce the primary school Chinese reading generative classroom model in the
intelligent environment. This teaching mode is composed of four parts: teaching objec-
tives, generation process, the role of intelligent environment, and teaching evaluation,
as shown in Fig. 1.

In this model, the teaching objective is the starting point and end point of teaching
activities and teaching evaluation. Teaching activities are the way to implement teach-
ing objectives: The requirements of teaching evaluation on teaching objectives and the
adjustment and modification of teaching activities. The technical support of intelligent
environment permeates every link of the whole teaching mode, which can provide intel-
ligent tools and platforms for carrying out teaching activities and teaching evaluation,
so as to achieve teaching objectives.
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Fig. 1. Classroom model of primary school Chinese reading generation in the intelligent
environment

Teaching Objectives. Based on the analysis of Chinese literacy and reading literacy,
this study sets the overall teaching goal of Chinese reading generative class as to cultivate
students reading ability and improve their Chinese literacy. Combined with the theory
of developmental teaching, the new curriculum reform puts forward that the connotation
of student development is the three-dimensional integration of knowledge and skills,
process and methods, emotion and attitude. Based on this, this study divides the specific
objectives of the Chinese reading generative classroom into three dimensions knowl-
edge and skills generation, process and methods generation and emotion and attitude
generation.

Generation Process. Guided by the concept of Chinese reading literacy and generative
teaching, this study focuses in the classroom teaching of primary school Chinese reading
in an intelligent environment. Through an interactive cycle of discussion with subject
teachers, trial teaching and modification, the core teaching links were refined, and a
classroom teaching process combining generative teaching and reading teaching was
formed.

Flexible Preset. This session is conducted before class. The main teaching activities are
first reading perception and learning new words. Before class, teachers design and gen-
erate teaching objectives based on learning situations, design flexible teaching content
and teaching process, and leave free space for students’ dynamic generation. Students’
activities are mainly to preview the text, understand the main content of the article, from
the students’ words. This part plays a foreshadowing role in generative learning in class.
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Communication-Feedback. This part of the teaching activities is the overall extensive
reading, combing the plot. In this part, teacher should pay attention to students’ reactions
in problem situations, give feedback in time actively, carry out interaction, and use
intelligent teaching platform to capture and generate resources. Students grasp the full
text by reading quickly and learn new words. This link is the foundation of generating
activities in the class and the goal of knowledge and skill generation.

Coping-Construction. The teaching focus of this section is to guide students read inten-
sively and learnmethods. Teachers build scaffolding for students learning confusion, help
students to carry out exploration, and complete the meaning construction of knowledge
learning. Students read independently, explore cooperatively, learn reading methods,
and comprehend article emotion. This part is the teaching goal of knowledge generation,
methods generation and attitude generation.

Generation-Creation. The content of this link is group reading andwriting assignments.
Teachers provide students with digital resources for group reading and organize gener-
ating activities. Under the guidance of teachers, students can make use of the knowledge
and the reading methods they have learned to conduct a personalized reading, prac-
tice writing, and express their thoughts. This section guides students to produce visual
products to promote the generation of students’ emotion.

Reflection-Summary. The teaching activity of this link is peer review and reflective sum-
mary. Teachers guide students to appreciate others’ works, communicate ideas, summa-
rize classroom teaching content, and sublimate emotion. This link plays the role of
deepening the generation.

3.3 Teaching Evaluation

Teaching evaluation aims at assess the achievement of teaching objectives of Chinese
generative reading and the teaching process of Chinese generative reading. The teaching
objectives of Chinese generative reading class include the generation of knowledge and
skills, the generation of process and methods and the generation of emotion and attitude,
aiming at improving students reading ability and Chinese literacy. The evaluation of the
generative process of Chinese reading teaching should be guided by generative teaching
theory and the generative process of reading teaching activities should be evaluated from
multiple perspectives. Based on this, this study constructs a Chinese reading generative
classroom evaluation scale in an intelligent environment.

3.4 Features of the Intelligent Environment

Based on theoretical research and practical exploration, this study summarizes the six
functions of intelligent environment in Chinese reading generative classroom:

Visualize Leaning Progress. The intelligent environment can record and analyze stu-
dents’ answers and works, and visualize the learning progress of each student through
learning analysis technology and emotion analysis technology, which is beneficial for
teachers to track students’ learning progress and adjust teaching timely.



384 X. Chen et al.

Set Up Teaching Situation. With the help of diversified intelligentmultimedia technol-
ogy, teachers can create a teaching situation and stimulate students’ learning enthusiasm
by letting students watch videos.

Accurate Push Resources. In an intelligent environment, teachers can use big data
analysis technology and artificial intelligence technology to push personalized learning
resources and exercises accurately for students before, during, and after class to help
students consolidate their learning and broaden the scope and depth of reading.

Interaction Between Teachers and Students in Cyberspace. Rely on the digital
teaching space, the intelligent environment provides a platform for the interaction
between students and teachers, supports synchronous and asynchronous discussion and
writing, supports creation and sharing of works, and provides a platform for teachers
and students to communicate, express and create.

Record Generative Process. The intelligent environment can save students’ answer
records, reading notes, group cooperation process, works and other generative resources,
and record the generative process of Chinese reading teaching for teachers and students
to see.

Support Multiple Evaluation. Students have different understandings in reading
teaching, and the learning process has strong personality characteristics and unique expe-
rience. The intelligent environment can store students’ electronic file bags and personal
logs, provide a variety of evaluation tools, and realize the diversification of evaluation
subjects and methods.

4 Model Application and Effectiveness Assessment

4.1 Model Application

We carried out a case study in LuDiXi primary school, Guangzhou, China to apply and
assess the effectiveness of the classroom model. 30 fourth-grade students participated
in a two-week experimental study to assess the effectiveness of the model in improving
reading ability and cultivating Chinese literacy.

Teaching Content Selection. Based on the original teaching progress, this study finally
determined the four reading articles in the first volume compiled by the Chinese people’s
education edition as the teaching materials, which were “Study for the Rise of China”
and “Mei Lanfang’s beard collection”, which both of them are in unit 7, “Xi Menbao’s
Governance of Ye” and “Story No. 2”, which both of them are in unit 8. The teaching
theme of unit 7 is “Every man alive has a duty to his country”, which aims to cultivate
students’ patriotism and the reading methods: “pay attention to the main characters and
events, and learn to grasp the main content of the article”. The teaching theme of the unit
8 is “Time is like a wave washing the sand, and many heroes go down in history”, which
to cultivate students’ capacity of recalling the articles briefly, and paying attention to the
order and detail.
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Intelligent Environment Analysis. The experimental class of grade 4 selected in this
study is the school network experimental class, which is equipped with an intelligent
classroom teaching environment. Hardware facilities includeMultimedia-one computer,
mobile device for teachers and students, recording and broadcasting equipment, inter-
active whiteboard, exhibition platforms, projectors, etc. Software facilities include a
wireless network, V school teaching platform, recording and broadcasting system, and
various auxiliary teaching systems and software. The intelligent environment can effec-
tively support accurate push of resources, learning situation creation, teacher-student
interaction space, learning process recording, intelligent data analysis, and multiple
learning evaluation, providing technical assistance for generative teaching.

Teaching Activities Implementation. This study adopts the primary school Chinese
reading generative classroom model to carry out the teaching practice. Take “Study for
the rise of China” as an example to show the implementation of specific classroom
teaching.

“Study for the Rise of China” tells the story of premier Zhou Enlai who aspired to
study for the rise of the China. Combined with the theme of this unit and the national
feelings expressed in the article, the classroom teaching takes “foster virtue through
education”, “generative learning” and “the investigation-oriented study” as the design
concept. The teaching objectives are generating students’ knowledge and skills, process
and methods, emotion and attitude. On the basis of analyzing the learning situation and
the text, the teacher determined the main and difficult points of teaching, and designed
the teaching strategies of cooperative learning, independent inquiry learning. Alongwith
these, the teaching implementation process is formulated (as shown in Fig. 2).

Before class, prepare the text and collect the information. Students preview the
text, learn the new words and phrases, finish the preview list on the tablet, and collect
relevant information before class. Teachers carry out flexible teaching design for the text
and design generative content in advance.

In class, the first, Sending feedback on learning and familiar with the text. With the
help of the data analysis function of the intelligent environment, the teacher analyzes
the students’ preview situation, explains the situation in a targeted way, and sets up the
teaching situation by playing the historical video inmultimedia, so as to lead the students
to know the text initially. Second, reading the text and prepare to enter the generative pro-
cess. This link is the “association-feedback” in the generative teaching, students through
extensive reading to grasp the whole text. Teachers, through many questions, dialogue,
guide students to solve the question, and familiar with the text. Third, exploring meth-
ods and construct collaboratively, namely “coping - construction”. Teachers organize
students to carry out independent and cooperative inquiry activities and learn to read.
Fourth, applying methods and create works, namely “generation - creation.” With the
help of the function of pushing learning resource, teachers can provide extracurricular
reading resources such as the story of premier Zhou for students to choose by them-
selves. Students write their thoughts and upload to the Internet to communicate with
each other. Fifth, summarizing and sublimate feelings, namely “reflection - summary.”
Teachers and students summarize the content of this lesson, reflect on and evaluate it.
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Fig. 2. Teaching implementation process of “Study for the rise of China”

After class, the teacher assigns homework, and the students search relevant historical
information with the support of the intelligent environment to further understand the
image and spirit of premier Zhou Enlai.

The teaching implementation process of “Study for the Rise of China” basi-
cally reaches the teaching objective. From before class to after class, the intelligent
environment provides technical support for teaching.

4.2 Effectiveness Analysis

Evaluation System Construction. In order to assess the application effectiveness of
the Chinese generative classroom model, we established an evaluation system based on
the connotation of generative teaching and the value of primary school’s Chinese reading
teaching (as shown in Fig. 3). The evaluation system is mainly in two dimensions, which
are the evaluation of the language generative teaching goal and the evaluation of the
language generative teaching process. The former assesses the students’ learning results
in accordance with the goal of generative Chinese reading teaching. While the latter
assesses the effectiveness of the generative teaching process.

Evaluation of the Achievement of Chinese Reading Generative Teaching Goals. The
effectiveness of classroom teaching refers to the development of students through the
teaching process. One of the important contents of the evaluation of the teaching effect
of Chinese generative reading is the test of the effectiveness of achieving the teaching
goals. According to the previous classification of teaching goals in Chinese generative
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Fig. 3. Evaluation system of the application effect of primary school Chinese reading generative
classroom model under intelligent environment

reading, this dimension can be subdivided into evaluations of knowledge and skills,
process and methods, emotion and attitude. In terms of knowledge and skills, Chinese
scholars use Benjamin Bloom’s six levels of educational goals in the cognitive field
to propose a three-level classification of “memory, understanding, and use” in primary
school teaching. This study combined the specific Chinese reading teaching content to
determine that the knowledge and skills in the evaluation system should include the
memory, understanding, and application of knowledge and skills. In terms of process
and methods, this study is based on the goals and requirements of reading teaching in
Chinese curriculum standards, combined with related research, and summarizes them
into four dimensions: reading methods, communication and expression, reading and
thinking, and writing output. In terms of emotion and attitude, according to D. R. Kras-
wor’s five-level classification of educational goals in the emotion field, combined with
the characteristics of reading teaching, we believe that this dimension should include:
reading attitude, reading hobbies, and reading habits.

Evaluation of the Language Generation Teaching Process. Another dimension of the
effectiveness of the primary school Chinese reading generative teaching mode in the
intelligent environment is to evaluate the achievement of the generative teaching pro-
cess. Based on the connotation and path of generative teaching, we divide the evaluation
indicators into four aspects: generative preparation, generative realization, generative
production and generative evaluation, to evaluate the normativity and effectiveness of
the generative teaching process. Generative preparation refers to the flexible presetting
of teaching content before class; generative realization includes communication feed-
back and guidance construction; generative production includes the creation of works
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and additional value; generation evaluation includes process evaluation and attitude
evaluation.

Application Effectiveness Analysis

Research Design. One class of 30 4th-grade students, from the LuDiXi primary school,
Guangzhou,China,was assigned as the experimental group,who received teaching based
on theChinese generative classroommodel in the intelligent environment.While another
class of 40 4th-grade students from the same school was assigned as the control group,
who received traditional classroom teaching. Both experimental and control group were
taught the same four articles in two weeks.

According to the above evaluation index system, we designed a Chinese reading
test and a Chinese generative reading scale to measure the knowledge and skill acqui-
sition and the rest evaluation indexes respectively. The Chinese reading test aimed at
detecting the target dimension of “knowledge and skills” in Chinese reading teaching.
The Chinese reading test was jointly developed by the several Chinese teachers from
that school. It is prepared for the teaching content of the experiment. It consists of three
levels of knowledge, understanding, and application of knowledge and skills learning.
It composed of nine objective questions and one subjective question, and the total score
is 100 points. On the other hand, Chinese generative reading scale measured the rest
indexes of the evaluation index system. The scale was adapted from previous studies
and customized by this study. The scale employed the five scales of the Likert scale.
There were 28 questions in total, scoring from 1 to 5 to represent “totally disagree” to
“totally agree”. The standardized Cronbach’s α coefficient of the scale reliability test
was 0.886, which was greater than 0.7, showing a good consistency and reliability.

Effectiveness Analysis of Achieving Chinese Reading Teaching Goals

a. Knowledge and Skills
In terms of knowledge and skill generation, 30 test papers were distributed to the
experimental class, and 30 valid papers were recovered; 40 test papers were dis-
tributed to the control class, and 40 valid papers were recovered. The average score
of each level of the experimental class and the control class is as follows (Table 1):

Table 1. Descriptive statistics of knowledge and skills generation in primary school Chinese
reading class

Variable Treatment group Control group

First level
indicators

Second level
indicators (total
score)

N M SD N M SD

Knowledge and
skills

Memorization
(32)

30 31.07 2.50 40 23.90 9.69

Understanding
(16)

30 14.40 3.08 40 11.40 5.55

Application (52) 30 47.60 4.97 40 37.30 10.96

Total (100) 30 93.07 7.19 40 72.60 31.31
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The descriptive analysis results showed that:➀The overall score of the experimental
class is better than that of the control class, indicating that the use of the Chinese reading
generative mode in an intelligent environment has a significant effect on the generation
and acquisition of knowledge and skills. ➁ There is not much difference between the
experimental class and the control class at the level of “Knowledge” and “Understand-
ing”. This is related to the nature of learning of “Knowledge” and “Understanding”. For
students, conventional teaching has been able to meet these two levels of learning. ➂
At the “application” level, the experimental class score is significantly higher than the
control class, indicating that this model has a significant effect on students’ knowledge
and skills. “Utilization” is a high-level learning of knowledge and skills in elementary
school. The autonomous construction and generation advocated in generative teaching
have a positive effect on training students’ ability to apply knowledge.

b. Process and Methods and Emotion and Attitude
In terms of process and method, emotion and attitude generation, 30 questionnaires
were distributed to the experimental class and17valid questionnaireswere recovered;
40 questionnaires were distributed to the control class and 24 valid questionnaires
were recovered. An independent sample t test can be obtained from the two sets of
data of the experimental class and the control class (Table 2):

Table 2. The analysis results of the process and methods and the generation of emotion and
attitude in primary school Chinese reading class

Variable Treatment group Control group t

N M SD N M SD

Process
and
method

17 64.53 10.77 24 52.58 12.88 3.13**

Emotion
and
attitude

17 22.35 2.80 24 19.00 4.56 2.69*

*p < .05. **p < .01.

Two independent t-tests were conducted to compare the “process and methods” and
“emotion and attitude” between experimental group and control group. Results showed
that the experimental group significantly outperformed the control group in “process
and method” (t = 3.13, p < .01) and “emotion and attitude” (t = 2.69, p < .05).

The performance of the two classes of students in the “process and methods” is
quite different, but the difference in “emotion and attitude” is small. This shows that
the teaching model constructed by this institute has significant effects in improving
students’ reading methods, communication, thinking, and writing, but it is less effective
in cultivating students’ reading attitude, interests, and habits than the former. This is
related to students’ learning and developmental psychology. The cultivation of emotion
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and attitude is difficult to form an immediate change effect overnight, so it needs to be
explored and realized in long-term teaching practice.

Results of three dimensions of knowledge and skills, process and methods, and
emotion and attitude indicated that the Chinese generative classroom model could sig-
nificantly improve the teaching effect of Chinese reading for primary school students,
and promote better achievement of generative goals.

Effectiveness Analysis of Generative Teaching Process of Chinese Reading. In terms
of generative teaching process, 30 questionnaires were distributed to the experimen-
tal class and 17 valid questionnaires were recovered; 40 questionnaires were distributed
to the control class, and 24 valid questionnaires were recovered. An independent sample
t-test of the two sets of data from the experimental class and the control class can be
obtained (Table 3):

Table 3. The analysis result of the generation process of primary school Chinese reading lesson

Variable Treatment group Control group t

N M SD N M SD

Generative
process

17 35.35 4.90 24 31.63 5.03 2.36*

*p < .05.

An independent t-test was conducted to compare the “generative process” between
the experimental and control group. The result showed that the experimental group
yielded a significantly better performance in generative process than the control group
(t = 2.36, p < .05). That is, the Chinese generative classroom model was effective
in the preparation, realization, generation and evaluation of the generative teaching
process, and could meet the requirements of flexible presets, interactive construction
and multiple evaluations advocated in the generative teaching. At the same time, it
generated additional value and promotes the achievement of generative goals.

5 Conclusion

Based on the generative teaching theory and the Chinese reading pedagogy, we develop
a primary school Chinese reading generative classroom model by theoretical reasoning
and practical research. Additionally, we apply themodel in teaching practice and develop
an evaluation index system to assess its effectiveness. The practical results show that
this teaching model can effectively achieve the teaching objectives of Chinese reading,
promote the generation, and effectively cultivate students’ Chinese reading literacy.

This study is targeted at the cultivation standards of reading teaching in primary
school Chinese curriculum and students’ reading literacy. This study introduces the
emerging ‘generative teaching’ theory of education within the intelligent teaching envi-
ronment and rebuilds the teaching process, innovates the information technology. This
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study provides new ideas on the research of Chinese reading teaching and new methods
for the technology fusion and innovation of education application in the era of education
informatization 2.0.
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Abstract. Since blended learning has become one of the promising approaches
to teaching and learning, the integration of traditional learning with novel inno-
vations should be taken into account. Novel innovations can raise the level of
smart learning environments as well as the construction of wisdom classrooms.
There are many ways to create these innovations. One of those is to apply the deep
learning tool for teaching and learning activities, that can offer the learners to
have profound and thorough knowledge experience. This work proposes a novel
deep learning tool, which can support teaching and learning activities especially
in a topic of scheduling. A computational intelligence algorithm called Teaching
Learning-based Optimization (TLBO) was embedded within the tool for solving
production scheduling problem. TLBO is a nature-inspired metaheuristic algo-
rithm. It mimics the influential effect of teacher on learners or among learners.
The tool was developed and tested upon four case studies.

Keywords: Deep learning · Teaching Learning-based Optimization ·
Scheduling · Teacher phase · Learner phase

1 Introduction

Smart education is to “improve learners’ quality of lifelong learning. It focuses on con-
textual, personalised and seamless learning to promote learners’ emerging intelligence
and facilitate their problem-solving ability in smart environments” [1]. The smart edu-
cation consists of two important components [2]. First is smart pedagogies and second
is smart learning environment. Smart learning environment bases its foundations upon
smart tools and intelligent innovations [3, 4]. The complexity of some realistic prob-
lems like production scheduling may be confusing or difficult to understand. It would be
better if the teachers have any tool-based subjects for support the teaching and learning
activities to make it more effective and efficient.

This work presents a deep learning tool for supporting the teaching and learning
particularly in topic of production scheduling problem. Some important features of this
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tool such as: (i) learners are able to understand about the scheduling parameters, jobswith
precedence constraints, related costs, etc. through database’s worksheet within the tool,
(ii) it also illustrates final production schedule according to the best solution obtained
by the algorithm TLBO. From literature review, there has been no report that presents
the deep learning tool for scheduling topic and utilizes it for support smart learning
environment.

The objectives of this paper were to; (i) present a novel deep learning tool using
Teaching Learning-based Optimization (TLBO) to solve complex scheduling problem
for support smart learning environment, (ii) explain details of the complex scheduling
problem and the procedure of TLBO, (iii) discuss the computational experiments.

The next section of this paper briefly explains related literature review. Section 3
describes the TLBO. Section 4 expresses the production scheduling, Sect. 5 describes
the proposed tool using flowchart. Section 6 discusses the computational experiments
and Sect. 7 is conclusions.

2 Comprehensive Literature Review

There have been several related comprehensive reviews on the smart education, smart
learning, and the application of smart education. Shi, Liu, Gong, Niu, Wang, Jing, Lu,
Zhang and Luo [5] presented a comprehensive overview of the research and application
of smart education as seven perspectives including Intelligent Tutoring System (ITS),
smart campus, Big Data in Education (BDE), knowledge graph, educational robots, vir-
tual teachers, and personalized education. Freigang and Augsten [6] explained how an
empirical smart learning environment (SLE) framework is applied inside an established
corporation. They also discussed the needs to take into account the tactics, strategies,
and practices to adapt frameworks into practice. Agbo, Oyelere, Suhonen and Adewumi
[7] illustrated the integration of teach problem-solving skills and programming edu-
cation with the utilization of computational thinking (CT). Abdel-Basset, Manogaran,
Mohamed andRushdy [8] reviewed the application of Internet of Thing (IoT) for building
a smart educational process and also showed the basic concepts, definitions, characteris-
tics, technology, and challenges of the IoT. Vasbieva, Sokolova, Masalimova, Shinkaruk
and Kiva-Khamzina [9] explored the uses of education technologies in term of educa-
tion tools for personalize teaching and learning activities. Huang, Du, Chang, Spector,
Zhang and Zhang [10] proposed a smart learning engine in the form of an intelligent
personalized learning system. Zhu, Yu and Riezebos [2] focused on four-tier framework
of smart pedagogies and ten key features of smart learning environments. Udupi, Malali
and Noronha [11] showed the key points of e-learning paradigm and integrated smart
technology with big data framework, which leads towards smart learning. Yoo, Lee, Jo
and Park [12] used realistic case studies for educational dashboards of smart learning.
Shen, Li and Chen [13] expressed a framework of smart education and its application to
enhance the activities of teaching and learning.

There are several literatures related to utilized educational tools for support teaching
and learning activities. Course timetabling tools have been developed for optimizing the
utilization of academic resources using computational intelligence algorithms, such as
GeneticAlgorithm [14],AntColonyOptimization [15] andCuckooSearch [16]. Sharma,



394 S. Sooncharoen et al.

Nand, Naseem, Reddy, Narayan andReddy [17] took InformationCommunication Tech-
nologies (ICT) driven tools into account for enhancement the ecosystem of smart learn-
ing. Mitrofanova, Sherstobitova and Filippova [18] presented Educational Data Mining
(EDM) tool for collecting, analyzing, visualizing and presenting students’ data in order
to make a decision about improving training courses and educational programs. Ribeiro,
Moreira, Almeida and Santos-Silva [19] provided mobile seamless learning tool for
cancer education. Li, Du and Ma [20] developed smart service tool for collecting stu-
dents’ big data during learning process and providing the individualized service based on
the data. Yesalov, Lapiy and Korytnikov [21] presented adaptive learning system tools
for increasing the effectiveness of distance learning. Jeong [22] used Effective English
Learning Tools to increase university students’ perception together with motivation of
using digital applications. Hwang, Yun, Park and Moon [23] coded HTML5 to develop
a cross-platform tool using the user-oriented environment and e-learning services avail-
able for smart phones. Lee and Kim [24] developed an educational evaluation tool for
156 students in middle and high schools. Bae and Lee [25] used smart learning contents
authoring tool for development of teaching-learning model with project-based learning.
Park, Yun, Kwon, Moon and Kim [26] created a smart-learning platform and content
authoring tools that are working on a cloud and web. It is available as a mobile version
and a PC version. However, there has been no report that presents the deep learning tool
using Teaching Learning-based Optimization for support smart learning environment,
which is the contribution of this paper.

3 Teaching Learning-Based Optimization (TLBO)

Teaching Learning-based Optimization [27] was created upon the influence of a teacher
on the quality of learners in the class. This class includes a teacher and a population of
learners. The quality of each learner is compared with quality of solutions. The TLBO
is divided into two phases. First phase is teacher phase. In this phase, the teacher will
share his/her knowledge to the learners. As a result, it can lead to better results or higher
scores of the learners. TLBO has another one phase. This phase call learner phase. The
learner can gain knowledge with interaction among themselves by brainstorming or
group discussion activity. The quality of learner in this phase is improved only based on
better learner (learner no.1 > learner no.2 > learner no.3). Figure 1 illustrates the deep
learning concept in teacher and learner phase of TLBO. The comparison of terminology
of the TLBO with one of the most classical metaheuristics (Genetic Algorithm: GA) is
shown in Table 1.

4 Problem Description and a Case Study

Nowadays, many industries place importance on the data management system because
all activities have been relating to a lot of data, which may be considered in term of
big data. Due to the massive volumes of the data, businesses may lose some benefits
or opportunities if they are not dealt with the effective and efficient management. Big
data involves many sectors such as commercial, construction, financial, service, and
manufacturing, etc.
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Fig. 1. The deep learning concept in teacher and learner phase of TLBO

Table 1. A comparison of TLBO and GA concept and terminology

Algorithm terminologies Genetic Algorithm (GA) Teaching Learning-based
Optimization (TLBO)

All of representations Population Population

Representation size Population size Population size

A representation A chromosome A teacher/A student

Representation components Genes n/a

Sub-representation components Allele n/a

Number of improved rounds Number of generations Number of iterations

Selection method Random Ordered/Random

Exploitation operator Crossover Teacher phase

Exploration operator Mutation Learner phase

Evaluation function Fitness function Evaluated function

The best so far The best solution The best solution

Manufacturing sector, for example, in case of production ofmultiple assembly stages
goods deals with so much related data such as components; subassemblies; main assem-
blies; processors/machines; inventories; lead times; lot sizes; on hands; suppliers; max-
imum capacities; etc. It is necessary to have effective and efficient tool for taking charge
of production scheduling.

Most of scheduling problems are classified to non-deterministic polynomial time
hard (NP-hard) problem [28], which means that the computational time required
increases exponentially with problem size. Computational intelligence (CI) algorithms,
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for instance, TLBO, Artificial Immune System [29], Firefly Algorithm [30], Bat Algo-
rithm [31], Frog Leaping [32] are suitable for solving this type of problem [33]. Deep
learning can be appendant to CI procedure to increase ability of searching the opti-
mal solution. For this reason, TLBO was considered in the present work for solving
production scheduling in case of multiple assembly stages product.

Figure 2 shows a simplified example of multiple assembly stages product. The final
product (the assembly item number A3S2) is operated with four facilities (Fac.1, Fac.2,
Fac.3, and Fac.4). Figure 3 demonstrated the production schedule for multiple assembly
stages product according to its precedence constraints.

Final assembly stage

Assembly
operation

stages

Processor
operation

stages

- Suppliers/lead times/lot sizes;
- Inventory types/capacities/on hands/its 
locations/allocations;
- Waiting/setup/processing times and costs;
- Machining/sub-assembly costs and times;
- Moving/transfer costs and times;
- Vehicles types, costs and times;
- Components/assemblies and its due dates;
- Materials handling/holding/ordering costs;
- Parts/components/sub-assemblies/
assemblies codes and its descriptions;
- Processors/machines capacities and 
maintenance procedures; and etc.

A3S2

A3S1

A1S2

A1S1

A2S2

A2S1

P1O2 P2O2

P1O1 P2O1

P3O2

P3O1

P4O2

P4O1

A1S1 = Assembly item no.1 in stage 1

Manufacturing big data

P1O1 = Product item no.1 in operation 1

Fig. 2. A simplified example of multiple assembly stages product structure and its related big
data
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Fac.2

Fac.3

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Time

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Time

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Time

A1S1Fac.4
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Time

P1O1 P2O2

P2O1 P3O1

P4O1 P1O2 P3O2

A1S2 A2S1 A2S1

Final assembly operation time

A3S1 A3S2

P4O2

Processor operation time

Assembly operation time Fac.1 = Facility no.1

Fig. 3. Production schedule for multiple assembly stages product
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5 A Novel Deep Learning Tool Using TLBO for Solving Production
Scheduling

In the step of tool development, it is crucial to know step-by-step of the algorithm
procedure. This is another way that leads to some benefits to the learners, because this
allows understanding about the algorithm used. When the learners clearly understand,
they can apply it to other problems easier than ever.

The novel deep learning tool was coded by Visual Basic for Application (VBA) pro-
gramming language upon modular style. Figure 4 illustrates a flowchart that represents
the proposed TLBO used in the tool, which includes the following steps:

1. The tool starts by obtaining input data from database’s worksheet;
2. User defined parameters and algorithm used: population size (N), number of

iterations (I), number of replications, and selected algorithm TLBO;
3. Problem encoding, and then generate initial population (see Fig. 5) according to N;
4. If any solution in the population is infeasible. Repairing it for all (see Fig. 6);
5. Calculate total cost for all solutions;
6. Rank all solutions from the best (min. total cost) to the worst (max. total cost);
7. The tool selects teacher phase and set iteration round (i) = 1;
8. Identify a teacher, which is the solution with min. total cost;
9. Idenfity a student, which is the solution in population according to n;
10. Randomly select either 1 or 2 to be the value of parameter TF ;
11. Run the swapping procedure (see Fig. 7) according to TF in step 10 for Xold,n≥2;
12. Generate a random number (r) in the interval [0,1] and calculate number of swap

(Ns) following expression [27, 34];

Ns = r ∗ (
Xbest,n=1−TFXold ,n≥2

)
(1)

13. Improve Xold,n≥2 based on Xbest,n=1 using the upper-class swapping procedure
according to Ns. The Xnew,n≥2 was modified as following expression [27, 34];

Xnew,n≥2 = Xold ,n≥2 ∗ Ns (2)

After step 13 are the repair process (see step 4) and calculation total cost (see step
5).

14. Compare new solution (Xnew,n≥2) with old solution (Xold,n≥2). If Xnew,n≥2 better
than Xold,n≥2, replace Xold,n≥2 with Xnew,n≥2. Otherwise, reject Xnew,n≥2;

15. Repeat at step 8 until n > N;
16. If there are remaining iterations go to step 8, otherwise go to step 17;
17. The tool selects learner phase and set iteration round (i) = 1;
18. Select two solutions randomly;
19. Let a better solution be learner Xold-a,n;
20. Let a better solution be learner Xold-b,n;
21. Improve Xold-b,n based on Xold-a,n using the procedure the same as step 13; and
22. Report the best solution, together with showing the best production schedule.

Figure 8 illustrated an example of graphic user interface (GUI) of deep learning
tool.
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Start

Display : User interface (UI)

Click start button to entrance the tool

Enter user defined parameters: number of population (N),
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(Xbest,n=1) using the upper-class swapping

Generate a random number (r) and 
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Repair process for new solution X(new,n≥ 2)

(12)

(13)

Calculate total cost for X(new,n≥ 2)

Is new solution 
better than previous ?Reject X(new,n≥ 2)

No

Yes
Replace X(old,n≥ 2) with X(new,n≥ 2)

Generate a random number (r) and 
calculate number of swaps (NS)

Improve X(old-b,n) based on X(old-a,n) using the 
upper-class swapping procedure
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Calculate total cost for X(new,n)

Is new solution 
better than previous ?Reject X(new,n)
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(21)
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(7)

Rank all 
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Fig. 4. Teaching Learning-based Optimization deep learning tool flowchart
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Fig. 7. The swapping procedure

6 Computational Experiments and Discussion

As soon as the tool reported all the results, the statistical analysis was conducted. The
research problemused data on four problem instance numbers,which is shown inTable 2.
Table 3 presented total cost of schedules obtaining by TLBO using three levels of N/I
parameters. N/I at 100/25 means that the user defines population size with 100 and
number of iterationswith 25. This determines the amount of search and the computational
execution time that was fixed at 2,500. However, the experiment was replicated thirty
times, so that the solutions created were 2,500 × 30 = 75,000 in total.
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Fig. 8. An example of graphic user interface (GUI) of deep learning tool

Table 2. The characteristics of the four problems

Problem
instance
number

Number of
processors

Number of
processor
operations

Number of
assembly
operations

Max. level of
operations in
product
structure

Number of
assembly
stages

Prob01 8 25 9 11 15

Prob02 7 57 10 17 18

Prob03 17 118 17 19 29

Prob04 25 229 39 20 85

P-value by ANOVA analysis in Table 3 informed that only N/I in Prob01 was statis-
tically significant with a 95% of confidence interval, which means that the different level
of N/I significantly affected the result values. Referring to main effect plots of N/I by
Mean (see Fig. 9), the best parameter setting of TLBO for solving production scheduling
problem was 100/25 for prob1, 100/25 for prob2, 50/50 for prob3, and 25/100 for prob4.
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Table 3. Total cost of schedules produced by TLBO

Problem
instance
number

Parameters
(N/I)

Method: TLBO P-value

Min Max Mean SD

Prob01 100/25 13,500.00 13,500.00 13,500.00 0.00 0.003

25/100 13,500.00 15,000.00 14,000.00 719.19

50/50 13,500.00 15,000.00 13,800.00 610.26

Prob02 100/25 34,500.00 34,500.00 34,500.00 0.00 0.372

25/100 34,500.00 34,500.00 34,500.00 0.00

50/50 34,500.00 35,500.00 34,533.33 182.57

Prob03 100/25 80,000.00 99,000.00 90,683.34 5,230.02 0.881

25/100 72,500.00 99,500.00 91,166.66 6,363.06

50/50 73,500.00 132,000.00 90,183.33 10,170.51

Prob04 100/25 2,465,000.00 4,338,500.00 3,278,916.25 423,773.97 0.533

25/100 2,185,500.00 4,603,000.00 3,150,050.25 3,150,050.25

50/50 2,423,500.00 3,880,500.00 3,186,967.00 353,679.00
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Fig. 9. Main effect plots of N/I byMean
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7 Conclusions

This work focuses on a deep learning tool using a computational intelligence (CI) called
Teaching Learning-based Optimization. This tool was developed to support a wide range
of teaching and learning activities especially in topic of scheduling. The tool offers a
greater chance of know-how to the learners. It enables the learners understanding the
important keys of scheduling problem from database’s worksheet within the tool, helps
the learners quickly realise the algorithm used for solving the problem, and can be
used as an example for other approaches involving the deep learning tool. The result
obtained from the tool also gives an opportunity to the learners for statistical analysis of
computational experiment. So, the proposed tool is able to answer the concept of blended
learning especially in term of the integrated traditional learning with novel innovations.
As we know, this work emphasized the process of a deep learning tool development.
Our future work is to validate it for the classroom.
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Abstract. Telepresence robots have shown their capabilities to perform remote
teaching. In this research, the telepresence robot was designed and developed
specifically for teaching from a remote location. The robot was intended to surpass
the limitation of the normal teleconference software regarding the interaction with
students. The robot incorporated movement and face display that help create an
in-person environment. To use the robot for teaching, the servers were set up to
exchange video data between the robot and the software on the remote teacher’s
side, and to drive the robot’swheels. On the remote teacher’s side, the softwarewas
designed and developed as a web application to view the classroom environment,
control the robot, and control the teaching media within one screen. This enabled
the teacher to fully control the equipment while delivering a lecture or talking to
students. The robotwas tested and evaluated in a real school settingwith secondary
school students.

Keywords: Telepresence robot · Remote teaching · Interactive video
conferencing · IoT · Distance education

1 Introduction

Teaching students in primary and secondary schools is a challenging task due to reg-
ularly updated teaching and learning requirements. STEM education, for example, has
been recently implemented which educates students in 4 disciplines including science,
technology, engineering, and mathematics. These four disciplines could bring troubles
to some schools, which lack qualified STEM teachers. A similar problem is also raised
in Thailand when new curriculums for primary and secondary schools incorporated
computing science subjects following the trend in computer and artificial intelligence
education. These subjects combine 3 main parts - computational thinking, digital tech-
nology, and media and information literacy. Python language programming is also a part
of these subjects. To teach students in these subjects, the schools need to acquire addi-
tional special training for their teachers who do not have enough related background.
As part of the teaching, additional lessons can be given by scholars outside the schools
such as the lecturers in computer science from the universities.
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To facilitate teaching by outside scholars who may not be able to personally present
at schools, the research seeks the way to allow teaching from the teachers at the remote
sites. This should also provide capabilities of interacting with students in the classroom.
One of the solutions to this problem is the use of telepresence robots. The robot can be
placed in front of the class while the teacher can connect in from a remote site to deliver a
lecture. The teacher can see and talk to students through the robot and vice versa. In this
way, the teaching can be common to students than using only one-way communication.
From this concept, this research intends to design and develop the telepresence robot
that is capable of facilitating teaching from the remote sites. To do so, the robot needs
to have the capabilities assimilating a human teacher who stands in front of the class by
showing the face of the teacherwhodelivers the lesson and allowing the teacher to see and
interact with his students. The movement abilities of the robot allow the remote teacher
to independently turn and move to anyone in the class as if he was there. Therefore,
the robot incorporated various features required for representing as a teacher such as
face display, movement, and controlling teaching media. On the remote teacher’s side,
the software was designed to view classroom environment, control the robot movement
(move forward, backward, turn left and right), and control teaching media (e.g. slides,
video, website). The robot was then tested in a school setting using real class teaching
based on a subject taught by a scholar outside the school.

2 Related Work

Telepresence robots provide excellent abilities to overcome the limitation of teleconfer-
encing software. The robots aremore flexible inmovement, whichmake them surpass the
common use of teleconferencing software. The movement enables interaction between
people at the two remote locations [2]. Due to this great performance, telepresence
robots have been applied to various fields of applications, for example, remote work
[6–8], education [1–3, 5, 9], library [11, 12], and elderly care [4, 10]. Since the robot has
been widely used, many studies seek to gain insights into the effect of its use. The study
carried out by [6], which focused on the informal communication problem in telework,
reported that the telepresence robot was able to be used as a proxy for a remote worker.
Meanwhile, the problem of informal communication occurred due to the lack of eye
contact, privacy, and disturbance issues. The study suggested various possible solutions
for overcoming the problem.

Another experiment carried out by [7] focused on observing the behaviors of team-
mates when working together with a remote partner. The study reported that there were
still obstacles when a remote worker had to collaborate with his teammates, for exam-
ple, less ease of communication, and feeling less trustworthy. Yang et al. [8] exper-
imented with long distant relationships between two long distant couples. The study
found that the robot could improve couples’ communication with their distant partners
in four aspects: autonomy, unpredictability, movement as body language, and perspec-
tives. These aspects were improved because a robot could replicate a real human in
some ways. Thus the couples were satisfied with the quality of in-person interactions
of the robot than typical teleconferencing through PCs or smartphones. The robot was
also found useful for library services. It could be represented as a librarian who provided
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several services to patrons [11, 12] or another way round where it represented as a patron
who virtually visited the library [12].

In an educational field, the robots have been employed as virtual students for those
who are not able to physically present at schools due to serious health problems such
as cancer, heart disease, and immune deficiency [1]. Furthermore, the robots have also
been deployed by those who are temporarily absent from schools due to some reasons
such as mild illness or injury [3]. The research carried out by [3] focused on seeking to
understand how robots should be represented students in different conditions: 1) long-
term use (due to illness or disabilities), 2) short-term use, and 3) distance learning. The
research provided useful suggestions for designing robots such as utilizing microphones
and cameras for greater distance, robots’ height adjustment capabilities for different ages
of students, and using a larger display.

Another study [5] was carried out by observing and interviewing participants who
were associated with the use of telepresence robots in schools, for example, home-
bound students, parents, teachers, classmates, and school administrators. Each person
was associated with the use of the robot in someways. The study has reported the experi-
ence of robot use and opinions towards several perceptions and learning categories such
as feeling loneliness, overcoming isolation, social acceptance, negative behaviors, and
homebound instruction. In [2], the author had suggested several appropriate properties of
a robot for academic use, for example, its interface should be easy to used, and the video
should show the user’s face close to actual size. Furthermore, the article also reviewed
some commercial telepresence robotic devices such as Beam, TeleMe, Double, and vGo
as shown in Fig. 1, and provided some information about a tabletop robot called KUBI.

Fig. 1. Example of telepresence robots for commercial use [2].

Whilemost of the prior research reported cases of robot used by homebound students
who were unable to show up at schools, not many studies that mentioned about the use
of the robot for remote teaching. In some cases, remote teaching may require a specific
purpose robot with teaching support functions, which may not be available in general-
purpose robots. The research by [9] described the application of telepresence robots for
tutoring English. The research developed the robot to be deployed by a remote teacher
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for delivering English language lesson. The developed robot was tested and evaluated
twice by elementary students in interest, confidence, and motivation categories. This
shows that the second test yielded a better result in all categories.

3 Research Methodology

3.1 Research Design

The research was intended to design and develop the telepresence robot for facilitating
remote teaching in schools. The robot development carried out in 4 steps. Firstly, the
robot was designed to incorporate several functions for teaching such as face display,
movement, and presentation media control.

Figure 2 illustrates the scenario of the whole system. In this scenario, the robot was
brought into the classroom by a teaching assistant. The robot was then set up to connect
to the server and the teaching media were stored in a computing device, which was
connected to the video projector. When all equipment was ready, the remote teacher
used the developed software in his device (e.g. tablet or computer) to connect to the
servers through the internet to control both the robot and the teaching media.

Fig. 2. Robot usage scenario.

The second step was robot development. The robot was constructed based on IoT
devices and built with 125 cm tall structure. The structure of the robot was created using
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an aluminum frame, which was strong enough for holding the robot’s head and the
wheel equipment and the batteries. Several devices were installed in a base’s container
placing on the base chassis with four wheels attached. The container stored wireless IOT
devices for driving wheels’ motors, and the batteries. One 8-in. tablet was attached to
the robot’s head, which was used for showing the face of the teacher. Another tablet was
also prepared as a device for the remote teacher to connect to the robot and teaching
media. However, on the teacher’s location, a computer or notebook could also be used to
control the robot instead of the tablet. In the middle part, a wireless speaker was installed
to amplify the volume of the sound. This enabled the robot to increase the voice of the
teacher loud enough for hearing in the classroom.

In the third step, two servers were setup. One server was used to manage IoT devices
for driving the robot wheels and another server was applied for exchanging the data
from cameras from both sides. In the fourth step, the web application for the remote
teacher was developed. The application comprised 3 parts for controlling different parts
of the robot and teaching media including 1) video display that showed the video of the
two sites 2) robot movement control for driving the robot 3) teaching media control for
controlling an in-class computing device, which installed the teaching media. After the
development, the robot, the servers, and the remote teacher’s application were tested
together and the errors found were corrected.

3.2 Experiment

The experiment was conducted using one class in a junior high school. The 9th-grade
class that needed to study a computing science topic was chosen. The teaching lesson
was artificial intelligence. The class of 33 students studied this lesson in a 45 minute-
session through the robot while the remote teacher access the system to control the robot,
give a lecture, respond to students, and control the teaching slides. The evaluation was
carried out after the teaching session end by interviewing with students.

4 Results

The development of the telepresence robot comprised both hardware and software devel-
opment including server setup, which took 8 months to finish. The robot combined dif-
ferent pieces of robot parts that needed to be designed and printed using 3-D printing
machines. During the development, several parts of the robot were adjusted to make it
moving smoothly and controlling without difficulty. The developed robot is shown in
Fig. 3.

Figure 3 illustrates the developed robot from front and side views. The base installed
4 wheels and the IoT devices were employed to control the motors of the wheels. The
wireless speaker was installed in the middle part to make the sound volume loud enough
for the whole class, and an 8-in. tablet was installed as the robot head to show the face
of the remote teacher.

To control the robot and the teaching media, the software on the remote teacher’s
side was designed and developed as a web application that integrated the robot con-
trol modules, video display, and presentation media control; into one screen to allow
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Fig. 3. The developed telepresence robot: Front view (a) and Side view (b).

operating on a tablet. The remote teacher’s screen was divided into two parts: top and
bottom. The top screen displayed videos of both teacher and students’ sides. Therefore,
the screen showed the teacher’s face as appeared on the robot’s face, and the classroom
environment, which helped the teacher visualize his/her students and the path to move
the robot. The top screen also provided functions for driving the robot including mov-
ing forward and backward and turning left and right. The bottom screen was used for
maneuvering the teaching media installed in the classroom’s machine. Figure 4 shows
the teacher’s screen display during class time.

In the experiment, a class of 9th-grade students was informed about the robot usage
for teaching while the teacher was in a different location. The robot and teaching slides
were set up by the teaching assistant before class. During class time, the teaching was
delivered as naturally as possible by combining teacher’s communication with students
and the robot’s movement. The teacher could approach and speak to anyone in the class,
ask questions, answer students’ questions, give homework, and change presentation
slides as in a common classroom. Figure 5 illustrates the classroom atmosphere when
teaching with the robot together with presentation media that were fully controlled by
the remote teacher.

After class, the authors interviewed students to collect their feedbacks and feelings
about robot usage. The answers from students were recorded anonymously. The data
were then analyzed and categorized as shown in Table 1.
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Fig. 4. An application screen on the remote teacher’s device can be divided into two parts: the top
screen shows real-time videos of the two sides and the robot’s movement control when touching;
the bottom screen shows the teaching media used in the class.

Fig. 5. Classroom atmosphere: students were surprisedwhen the robot could display the teacher’s
face, respond, and move towards them.
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Table 1. Results from the experiment.

Question Satisfaction (n =
33)

Opinions

Yes No

1. Do you feel like having
a teacher standing in
front of the room?

17
(51.5%)

16
(48.5%)

- The robot is too small. It doesn’t look like a
human

- The robot interacts with us wonderfully and
funny too

2. Do you like the way of
communication and
interaction with the
teacher?

25
(75.8%)

8
(24.2%)

- I like talking to a robot. It’s fun

- The robot seems not as scary as a real teacher

- Not sure, I cannot see the teacher’s face
clearly

- It’s like playing a game

3. Is the sound loud
enough?

30
(91%)

3
(9%)

- It’s loud enough. I can hear it

4. Do you think that the
movement of the robot
is good for teaching?

30
(91%)

3
(9%)

- If the robot cannot move, it’s worthless

- It’s interesting that the robot can move
around the room

5. Do you think that it is
good if we use the
robot as a teacher in
some future classes?

26
(78.8%)

7
(21.3%)

- Yes, it can change the classroom atmosphere

- It seems like fun

- It looks like we are in the future world

- I’m not sure whether I can study better with
the robot

Average 128
(77.6%)

37
(22.4%)

In Table 1, there is a mixture of feedback from students. The response to the first
question that asked students about their feelings toward the robot whether it could repre-
sent as a teacher is interesting. About half of them supported that the robot could serve as
a teacher while another half felt the opposite. Some students saw the height of the robot
differing from that of their teacher. They said that the robot was too short. The robot was
125 cm tall, which was slightly higher than students’ eye levels when sitting. This made
students feeling that it could not be compared with the height of the real teachers. In the
second question, when asking about the communication with the robot, most students
(75.8%) accepted the way they could talk to the robot. However, some students who sit
behind the class could hardly see and communicate because their views were blocked
by their friends in front. In the third question, the volume level of the robot’s sound
was mostly accepted (91%). In the fourth question, students were asked to evaluate the
robot’s movement whether it was good when teaching. The data show that most students
(91%) were satisfied with the robot’s movement. In the last question, the students were
mostly positive (78.8%) when they were asked whether it was good to use the robot in
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some future classes. At this point, some students believed that the robot could improve
the classroom atmosphere, while some other students were still worried about how they
could adapt to this new studying environment.

5 Conclusion and Discussion

This research developed a telepresence robot for supporting remote teaching. Remote
teaching may be required in some schools especially those with teacher shortage prob-
lems in a particular subject. Teaching modern subjects is also a challenging task for
schools in recent days, which requires outside support. Many subjects that used to be
taught at a university level are nowadays partly provided in primary and secondary
schools. These subjects are, for example, programming, computing science, and arti-
ficial intelligence. The design of the telepresence robot in this research is to enable
remote teaching with interactive, movement, and teaching media control capabilities. In
this design, the robot was developed based on IOT devices with 4 wheels for movement
and a tablet for displaying the remote teacher’s face. A computing device was required
in the classroom for storing the teaching media to be displayed while teaching. On
the remote teacher’s side, the web application was developed for controlling the robot,
exchanging sound and video, and controlling the teaching media in one screen. This
enabled the teacher to teach their students, move and turn to any students, and control
teaching slides or other media. Between the robot and the remote teacher, computer
servers were set up for exchanging video and other necessary data. The developed robot
was evaluated by a real class teaching with 33 students. The results show that most
students satisfied with the robot’s movement and sound level. Meanwhile, most of them
were also satisfied with the communication and interaction with the robot and agreed to
study with it in future classes. The research carried out by [16] also found that students
could learn effectively with the telepresence robot, which was called “teacher as robot”.

Although the research results suggest positive acceptance of the robot, these results
could be affected by the Hawthorne effect [13] where students were motivated or influ-
enced by the experimental set-up during the process of the experiment. The students
could be excited by the appearance of the robot when they saw it for the first time. To
carry out the research in the future, the long term implementation and observation should
be included to explore the actual use of the robot, collect student feedback, and inves-
tigate learning outcomes. Another issue of the use of the robot instead of video-based
instruction for remote teaching is that the telepresence robot replicates some characteris-
tics of the face-to-face instruction as in a traditional classroom. The remote teachers can
make eye contact with their students while the students can ask questions, get immediate
feedback, and get additional support from their teachers, which are common practices
in the classroom [14]. One interesting point from the experiment is that only half felt
like having a teacher standing in front of the class. They mentioned that the robot was
shorter than their teachers and may hardly see by students from the back seats. A prior
study [2] suggested that the robot height should be approximately human-like sitting or
standing. Therefore, the robot design should be considered for further study. To meet the
requirement of students who mentioned the robot’s height, future research should focus
on how to make the robot suitable for students with different groups of ages. Different
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student groups may require different height design. One solution to this problem is that
the robot can be designed by making it height-adjustable. Furthermore, the robot can be
improved by applying deep learning methods [15] to help remote teachers recognize stu-
dents in the class. Moreover, the robot’s display screen should be larger to show a clearer
view of the teacher’s face to students. Lastly, the robot’s appearance can be improved
by coving the robot structure with materials to increase students’ friendly feelings.
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