&

ICCE

THE 23R° INTERNATIONAL
CONFERENCE ON
COMPUTERS IN EDUCATION
— NOV 30-DEC 4,2015 —
—— Hans2hou China ——

Workshop Proceedings




Workshop Proceedings of the
23rd International Conference

on Computers in Education
ICCE 2015

November 30 - December 4, 2015
Hangzhou, China



Copyright 2015 Asia-Pacific Society for Computers in Education

All rights reserved. No part of this book may be reproduced, stored in a retrieval system,
transmitted, in any forms or any means, without the prior permission of the Asia-Pacific
Society for Computers in Education.

ISBN 978-4-9908014-7-2

Publisher

ICCE 2014 Organizing Committee

ICT Unit, Center for Graduate Education Initiative, Japan Advanced Institute of Science and Technology

1-1, Asahidai, Nomi, Ishikawa, 923-1292, Japan



Editors

Tomoko KOJIRI
Thepchai SUPNITHI
Yonggu WANG
Ying-Tien WU
Hiroaki OGATA
Weiqin CHEN
Siu Cheung KONG
Feiyue QIU



PREFACE

Welcome to the Workshop Proceedings of the 23" International Conference on
Computers in Education (ICCE 2015), held from November 30" to December 4™ in
Hangzhou, China.

Established in 1989, ICCE is now an annual international conference organized by the
Asia-Pacific Society for Computers in Education (APSCE), and it has become a major
event for scholars and researchers in the Asia-Pacific region to share ideas and to
discuss their works in the use of technologies in education.

This year we accepted 15 workshops and we aim to explore focused issues in various
themes related to the use of technologies in education. Each proposal was peer-
reviewed by international reviewers with relevant expertise to ensure high-quality
work. All the workshops, organized by the International Program Committees, are in
the mini-conference format and this proceeding includes all the papers submitted to
our workshop. We believe that the workshop provides a valuable opportunity for
researchers to share their works and to seek further collaboration. Papers of our
workshop will certainly stimulate more interesting research works in these relative
areas in Asia-Pacific countries and beyond. We hope that readers will find the newly
ideas relevant to their research works in this proceeding.

Finally, we would like to thank the Executive Committee of the Asia-Pacific Society
of Computers in Education and the ICCE 2015 International Program Committee
Coordination Chair and Co-Chair for entrusting us with this important task of chairing
the workshop program and giving us an opportunity to work with many outstanding
researchers. We would also like to thank the Local Organizing Committee for helping
with the logistic of the workshop program.

Workshop, Tutorial and Interactive Event Coordination Co-Chairs

Tomoko KOJIRI, Kansai University, Japan

Thepchai SUPNITHI, National Electronics and Computer Technology Center,
Thailand

Yonggu WANG, Zhejiang University of Technology, China

Ying-Tien WU, National Central University, Taiwan
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To Explore the Effect of Age on Cognitive Load
When Using Social Websites to Conduct Flipped
Classrooms on Musical Instrument
Performance Teaching - Taking Amateur Erhu
Learners as an Example

Gwo-Haur HWANG?®, Beyin CHEN®, Chia-Wen SUNG® & Ting-Huan KUO®
“Department of Information Networking and System Administration, Ling Tung University, Taiwan
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Abstract: Since the development of information technology, the teaching mode keeps
innovating and flipped classrooms become popular. However, flipped classrooms need to
preview the course videos on websites. It might affect the learners’ cognitive load of different
age levels during their learning process. Because the age range of amateur erhu learners is very
wide, this research focus on amateur erhu learners. We use the teaching mode of flipped
classrooms on websites and explore whether the age will affect the cognitive load. The result
shows that the middle age learners got heavier cognitive load than the young and the old age
learners.

Keywords: Age, flipped classroom, cognitive load, musical instrument performance teaching,
social websites

1. Introduction

Erhu is a popular traditional string instrument in Taiwan. Learning erhu is difficult because the pitches
of erhus must be controlled by the players themself. In the traditional amateur erhu teaching, teachers
usually demonstrate erhu music in classrooms. Students learn the bowing and fingering in classrooms
and then practice at home. But, Liou and Cai (2015) pointed out that traditional classrooms usually have
poor performance because most students have no enough time for knowledge internalization. To
improve this disadvantage, the concept of flipped classrooms comes out. Flipped classrooms were
proposed by two chemistry teachers, Jon Bergmann and Aaron Sams in “Forest High School” located at
Rocky Mountains (Bergmann & Sams, 2012). Flipped classrooms can just deepen the knowledge
internalization through the preview before class and the interaction with teachers and classmates in
classrooms. This improves the problem of knowledge internalization of traditional teaching.

However, flipped classrooms need to preview at home before class. It may be a burden for busy
amateur erhu learners. Sometimes, it is difficult to understand how to play the musical instruments from
demonstration videos. In addition, learners are asked to show their previewing results in classrooms. If
the preview is not sufficient, it may cause a lot of pressures. Therefore, whether all ages of amateur erhu
learners are well suitable to use flipped classrooms mode is worthy to explore. However, to conduct
flipped classrooms need to upload the demonstration videos to the teaching websites to provide learners
to preview. If learners need to re-apply usernames and passwords, it's not convenient for amateur erhu
learners (Roblyer, McDaniel, Webb, Herman, & Witty, 2010). Therefore, to use a famous video website
(e.g., YouTube) to provide learners to preview and a famous social website (e.g., Facebook) to provide
a mutual exchange for students and interaction with the teachers can reduce the time to re-familiar with
the teaching sites for learners.



Thus, taking amateur erhu learners as an example, this paper uses the flipped classroom mode
to teach by social websites and investigate whether age will affect the learners' cognitive load. The
results showed that, for the 34 valid samples, the cognitive load of the middle age learners is higher than
that of the young learners and the old age learners.

2. Literature Review
2.1 The related researches and findings of flipped classrooms

Traditional classrooms are that teachers lecture the knowledge, raise questions and solve problems in
classrooms. Then students conduct review at home after class. But knowledge is often not internalized
in the process of traditional classrooms. This causes that the learning effective is poor or the progress is
slow. Bergmann and Sams (2012) proposed the concept of "flipped classroom". The meaning of flipped
classrooms is that the students watch the preview videos before class. Then students conduct raise
questions and discussions by groups. Finally, teachers explain the key points and consolidate the
learners’ knowledge. This teaching style focuses on promoting the learners’ abilities of autonomous
learning, independent thinking and problem-solving. The comparisons of traditional classrooms and
flipped classrooms are shown in Figure 1.

Traditional Classrooms

In the classroom Qutside the classroom
Teach »  Raise questions »  Solve problems Review
Flipped Classrooms
Qutside the classroom In the classroom

Discuss questions
and
Solve problems

Y

Y

Preview Raise questions

/_‘r

Find questions )

Figure 1. The comparisons of traditional classrooms and flipped classrooms.

Flipped classrooms subvert the structure of traditional classrooms. Flipped classrooms import
information technologies into teaching perfectly. As long as flipped classrooms are understood and
applied, it is believed that the teaching effectiveness will be better (Wang, Shi, & Ma, 2015).

2.2 The Applications of Social Websites in Teaching

Roblyer et al. (2010) pointed out that the current students prefer to use social websites (e.g., Facebook)
to conduct online learning exchanges and discussions. In addition to sharing the stories, photos, videos
and interests, Facebook can establish communities to let their friends join. After these features are
applied to teaching, the results showed that the students not only have excellent performance in the
communication of learning and interaction, but also their professional knowledge is increased
effectively (Pérez, Araiza, & Doerfer, 2013).

2.3 Cognitive Load Theory

Sweller (1988) proposed the concept of cognitive load theory. The cognitive load theory contains two
parts: mental load and mental effort (Paas, 1992). The meaning of mental load is whether the students



feel difficulty or frustration when learning the content of activities (Paas & van Merriénboer, 1994).
The meaning of mental effort is whether the students feel difficulty to understand the presentation of the
materials and the process of learning (Pass, Tuovinen, Tabbers, & van Gerven, 2003).

Using the above theory, we can understand the burden of students in the process of learning and
improve the teaching method to reduce the burden on students. As a result, cognitive load has become
one of research areas of E-learning to understand whether students can learn from different ways and
whether they will produce the burden of learning in different ways (Chang & Wu, 2011; Chen & Chen,
2012; Hwang, Yang, & Wang, 2013; Hwang, Kuo, Chen, & Ho, 2014). In the past, there are few
researches about exploring the impact of cognitive load in flipped classrooms on musical instrument
performance teaching. Therefore, this paper is to explore the effect of age on cognitive load when using
social websites to conduct flipped classrooms on musical instrument performance teaching and provide
different suggestions to teachers.

3. Research Method
3.1 Research Design

This study first conducts literature review and the design of the cognitive load questionnaire which then
is inputted into the Google online questionnaire system (Google form). Then we invited an amateur
erhu teacher of a music classroom in the central region of Taiwan to record the preview videos before
class and uploaded the videos to video websites (YouTube) to provide students to preview. The amateur
erhu teacher has taught erhu over 30 years. Also, we used the famous social websites (Facebook) to
establish the class learning community to provide teachers and students online communication.
Learners then watched the preview erhu videos before class, and conducted asking questions,
discussions and showed their previewing results in classrooms. After the course, we invited learners to
fill in the Google online questionnaire of cognitive load. Then we used the SPSS19 software to conduct
the reliability analysis of the questionnaire and ANOVA analysis to explore the impact of cognitive
load for different age levels of learners. Finally, the results of the analysis are verified by the feedback
of the open questions. Research process is shown in Figure 2.

Literature review

!

Questionnaire design

}

Invite the teacher to make videos

!

Upload videos to YouTube

}

Establish
learning community on Facebook

|

Flipped classroom

|

Fill in questionnaire
on Google form

l

Statistic analysis by SPSS

l

Make summaries

Figure 2. Research process.



3.2 Experimental Flow

This study divided the amateur erhu learners into three groups: young people, middle age people and
old age people. The experimental duration was divided into four weeks of erhu flipped classroom
teaching and one week of questionnaires at the end. The experimental flow is shown in Figure 3.

Young people Middle age people Old age people
< 31 years old 31-50 years old > 50 years old

Flipped classroom ‘ 4 weeks
Questionnaire ‘ 1 week

Figure 3. Experiment flow.
3.3 Experimental Participants

The participants of this study are 48 amateur erhu learners of a music classroom in the central region of
Taiwan. There are only 34 valid samples who participate throughout. They include 7 young learners
(less than 31 years old), 16 middle age learners (31 to 50 years old) and 11 old age learners (great than
50 years old).

3.4 Experimental Tools

The research tools of this study include pre-recorded videos before class, social websites, a cognitive
load questionnaire and the SPSS statistical analysis software. Firstly, the teacher pre-recorded about
500 erhu teaching videos and uploaded the videos to YouTube video website. Then the learners can
freely conduct the preview of the videos before class and discover the problem from the preview. The
instructional video channel is shown in Figure 4.
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Learners can ask questions and participate discusses in the learning community of social
websites (Facebook) which is set up by teachers. Each class has the specific group in social websites as
shown in Figure 5.
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'igmure 5. Social websites.

The cognitive load questionnaire mainly referred to the paper of (Hwang, Yang, & Wang,
2013). The questions of the questionnaire were divided into two categories: mental load (5 questions)
and mental effort (2 questions), as shown in Table 1. The questionnaire was based on a 7-point Likert
scale. After the reliability analysis, the Cronbach's Alpha values were all greater than 0.7. So, the effect
of this questionnaire is well as shown in Table 2. In order to further understand the views of the learners,
we also designed two open questions which are to let the learners describe the advantages and
disadvantages of the teaching method.

Table 1: Questionnaire of mental load and mental effort.

Mental load

1. The music of erhu lessons is difficult to me.

2. I'must spend a lot of effort and practice in order to learn the music well for the erhu lessons. It was
so tired to practice the music of erhu lessons.

3. It was so tired to practice the music of erhu lessons.

4. It was so frustrated to practice the music of erhu lessons.

5. Idon’t have enough time to practice the music of erhu lessons.

Mental effort

1. The learning style of erhu lessons makes me have a lot of stress.

2. The learning style of erhu lessons makes me need to devote a lot of efforts in order to complete.

Table 2: Cronbach’s o of mental load and mental effort.

Cronbach’s a

mental load 761

mental effort 771




4. Results and Discussions

In order to understand the cognitive load of learners, we conduct the cognitive load questionnaire
investigation. The questions of the questionnaire include two parts: mental load and mental effort.
Then, the questionnaire results are analyzed by ANOVA of SPSS. The results showed that the cognitive
load of the middle age people is significantly higher than those of the young people and the old age
people as shown in Table 3.

Table 3: Analysis of ANOVA of the cognitive load for young people, middle age people and old age
people.

Age N Mean SD F
(b)>(a)
*
(a) <31 7 3.40 1.04 3.99 ()>(c)
(b) 31-50 16 4.68 1.01
(c) >50 11 3.78 1.29
*p<.05

In order to further confirm which part of the mental load or the mental effort is the main impact
on cognitive load, this study continues to conduct ANOVA analysis on the two parts respectively. The
results showed that there was no significant difference in mental load as shown in Table 4 while their
mental effort was significantly different as shown in Table 5.

Table 4: Analysis of ANOVA of the mental load for young people, middle age people and old age
people.

Age N Mean SD F
a) <31 7 3.37 .96 3.23
(a)
(b) 31-50 16 4.51 .94
(c) >50 11 3.93 1.17

Table 5: Analysis of ANOVA of the mental effort for young people, middle age people and old age
people.

Age N Mean SD F
(b)>(a)
a) <31 7 3.43 1.24 3.80%
@ (b)>(c)
(b) 31-50 16 4.84 1.27
(c) >50 11 3.64 1.57
*p<.05

In order to explore why the mental effort of the 16 middle age learners is higher than those of
the young learners and the old age learners, we analyzed the feedback of the open questions. The



reasons are summarized as follows. For the 16 middle age learners, five learners (S11, S13, S14, S16,
S20) did not understand the content of the videos somewhat in the process of autonomously previewing
videos and can’t judge whether their action of playing erhu is correct or not (A1). Three learners (S10,
S12, S18) felt that the need to demonstrate in the classroom will be nervous (A2). Three learners (S9,
S19, S21) thought that they must spend time before class to preview the videos in order to avoid to have
a great lagged progress (A3). Two learners (S17, S23) thought that, to preview the videos and to play in
the classroom, learners felt no real sense of teaching (A4). Two learners (S8, S15) thought that, to use
flipped classroom teaching, it needed to use digital learning devices so that it is not convenient (A5).
The feedback of open questions is shown in Table 6. The above reasons are the pressures due to the
curriculum teaching mode. They are not the pressures due to the difficulty of the course itself. So, all the
reasons belong to mental effort.

Table 6: The reasons of high mental effort of middle age learners.

Feedback of the open questions Learners

A1: Not understand the content of the videos somewhat and whether the

practice action is correct or not. S11, 813,514, 516, 520

A2: The need to demonstrate in the classroom will be nervous. S10, S12, S18
A3: Time consuming. S9, S19, S21
A4: To feel no real sense of teaching. S17,823
AS5: Using the digital learning devices is not convenient. S8, S15

5. Conclusions and Suggestions

This study recorded and uploaded teaching videos by the teacher. Then the teacher conducted flipped

classroom teaching to let learners experience a new and different learning process. Finally, the

questionnaire investigation of cognitive load was conducted. The results of this study showed that the
middle age learners in using the flipped classroom teaching have a higher mental load than those of the
young learners and the old age learners.

From the feedback of the open questions, the reasons are as follows. Most of the 16 middle age
learners thought that this teaching method needed to spend time to preview at home. Although this
method improved the disadvantage of the speed of knowledge internalization for every learners are
different, but the cognitive load was increased. In addition, in the process of preview, if the contents of
the videos did not be understood, the mistakes can’t be immediately corrected. Also, in the classroom, it
needed to play a demonstration so that the pressure was increased. This resulted in reducing the learning
willingness. Regarding to the young learners and the old age learners, their pressures were significant
lower than the middle age learners. The reasons may be that, in the flipped classroom, learners can
repeatedly preview the videos and practice. It can increase the effect of knowledge internalization. For
the middle age learners, because of working pressure, they were not willing to spend time to preview
videos. Thereby, the pressure was created. For the young learners and the old age learners, they are
students and the elders. They can effectively use the time after school and at home. They can arrange
time appropriately to conduct the action of preview. The specific recommendations of this study are as
follows:

e  Young learners: This group of learners is the most suitable group for the use of flipped classroom
mode of teaching. Because their ability of information and learning capacity could be better, they
can make the best use of sparse time coolly to conduct video preview and erhu practice. Also, they
can ask questions positively to specifically increase learning effectiveness and conduct knowledge
internalization.



e Middle age learners: The learning cognitive load of this group is highest. The reason may be that
they are going through the most important part of life and need to be worry about work and family.
So, it is suggested that the progress of the flipped classroom teaching can be slightly slowed down
to avoid excessive mental effort and learning pressure.

e  Old age learners: This group of learners is also suitable for the use of the flipped classroom mode.
They may be retirees and have more time to learn but their learning ability is not so strong than the
young learners and the middle age learners. Therefore, it is suggested more previewing and
practicing can deepen their impression. In addition, they can enjoy themselves by erhu so that they
can memorize easily.

In the future, we will design flipped classroom activities of different levels to help learners
more easily reach their goals. In addition, the relationship between classroom activities and learners will
be analyzed. It is expected that deeper findings will be discovered.
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Abstract: With the invention of new technologies, issues and studies concerning how the
emerging technologies can be applied into educational settings to facilitate language teaching
and learning have gained its prominence. While a plethora of studies have supported the
application of technologies to language education, there has been little research into the effects
of mobile-assisted language learning and flipped learning on EFL learners’ oral proficiency. In
view of this, the current study attempted to examine the impact of an online learning community
in a flipped classroom, specifically via mobile platforms, on EFL learners’ oral proficiency and
their perceptions of the social as well as interpersonal communication in a flipped instruction.
The subjects of this empirical study were 50 English-majored sophomores enrolled in two
required oral training classes at a four-year comprehensive university in central Taiwan. Dual
sources of data collection were used to analyze quantitative data, including pre- and post-tests
on oral reading and comprehension questions, and a “Community of Inquiry” (Col)
questionnaire. The results revealed that the online learning community in a flipped instruction
created a learning setting that not only supported social and interpersonal communication and
collaboration but also significantly enhanced the participants’ oral proficiency, making them
more competent and motivated in highly interactive learning activities, such as online or
in-class interaction, collaboration, and discussion.

Keywords: flipped learning, social presence, online learning community, oral proficiency

1. Introduction

With regard to language teaching and learning, English has become one of the primary languages in
many fields, including academic discourse, business, technology, and international relations (Sun,
Huang, & Liu, 2011; Wu, Sung, Huang, Yang, & Yang, 2011). While traditional EFL instruction has
focused on vocabulary, grammar, and sentence structure, the mastery of oral ability holds the key to
successful interaction in an international society, as language learning is all about learning to
communicate and interact. However, the significance of speaking is not reflected at most of the
instances in EFL settings, as reading and writing are highly emphasized than speaking and listening
(Cheon, 2003; Tsou, 2005) and limited opportunities to speak English in non-English-speaking
countries (such as Taiwan, South Korea, and Japan) remain prevalent.

Nevertheless, with technological advances that contribute to education transformation (Bishop
& Verleger, 2013), technologies have become much more available and integrated into the field of
language teaching and learning, with their distinctive features such as mobility, reachability,
personalization, spontaneity, and ubiquity. Consequently, technology-enhanced language learning
(TELL) and mobile-assisted language learning (MALL) has increasingly been the mainstream in recent
years, as documented in Kiernan & Aizawa (2004). One of the alternative approaches that integrates
technology into language learning and that contributes to ample opportunities for students to learn is the
flipped learning (Hung, 2015; McLaughlin, Roth, Glatt, Gharkholonarehe, Davidson, Griffin,
Esserman, & Mumper, 2014), where technologies (such as mobile devices) are employed to make
efficient use of class time and students are given more opportunities to participate in meaningful
engaging activities in an learning community, thus enhancing the learning outcomes.



In an online learning community, a learner constructs knowledge gradually as the result of
interaction with the environment and with both internal and external influences (Zhang &Kou, 2012),
meaning that learners develop strong relationships with others in the online setting (Murdock &
Williams, 2011), where “active interaction is not listening and mirroring the correct realities, but rather
participating in and interacting with the learning situation and environment in order to create a personal
view of the world” (Janassen, Davidson, Collins, Campbell, & Haag, 1995, p. 20).

The flipped instruction shifts from teacher-centered lectures to student-centered learning.
Instructors devote class time to creating engaging learning environments and students develop solutions
via interaction with their peers, echoing the previous studies that students construct meaning and
confirm knowledge in the presence of peers during online student discussions (Akyol & Garrison,
2011a, b). Online learning communities are successful and effective when “participants work in groups
to solve authentic problems; participants have shared learning goals; knowledge is emergent and
experts in the group are facilitators; group members operate at varying levels of mastery; there is a
commitment on the part of group members to participation in the community” (Cowan, 2012, p. 12). As
the educational field gradually moves toward the constructivist approach, student-centered learning,
and technology-integrated pedagogy, traditional lecture-based instruction has been criticized for its
sheer ignorance of leaners’ active participation and its unidirectional installment of knowledge to
learners.

However, there has been little investigation into English oral proficiency via MALL in an EFL
setting. In light of the widespread social and educational use, what research evidences are there to
indicate whether the integration of mobile technology into flipped learning can enhance students’ oral
proficiency? Furthermore, most online learning theories focus on the examination of structural issues
rather than the probe into teaching and learning (Garrison, 2000), let alone an in-depth investigation
into how social and interpersonal communication affected learning outcomes. To optimize the benefits
and affordances of mobile technology and flipped learning, the current study aimed to examine the
effects of an online learning community via LINE for flipped learning in an EFL oral training class.

2. Methods
2.1 Participants

The participants included 50 sophomore English-majors in two required English Oral Training classes
at a four-year university in central Taiwan, mostly female and between the ages of 20 and 21. The
participants had studied English for around 8 years through high school and their English proficiency
was considered to be at the upper-intermediate level.

2.2 Data collection and analysis

Dual sources of data collection were employed to examine the participants’ oral proficiency as the
result of the online learning community and perceptions of the flipped learning experience, including (1)
pre- and post-tests of oral reading and comprehension questions, and (2) Community of Inquiry survey.
Figure 1 shows the issues and instruments involved in the current study, and Figure 2 displays the entire
instructional and data collection process.

The pre-tests and the post-tests, respectively for the traditional instruction and the flipped
learning instruction, were identical in content and the participants were asked to respond orally to
paragraph reading and comprehension questions. The means of the pre- and post-tests were calculated
to compare the instructional differences (i.e., flipped versus traditional). To assure higher inter-rater
reliability, the current researchers adopted the IELTS Assessment Criteria: Speaking to evaluate against
the participants’ oral performance, focusing on (1) fluency and coherence, (2) lexical resource, (3)
grammatical range and accuracy, and (4) pronunciation. Furthermore, a Paired-Samples t-Test was
employed to investigate the participants’ oral learning outcomes in two different instructions.

To compare the differences in social and interpersonal communication between the flipped
learning and past lecture-based learning experiences, the social presence in the Community of Inquiry
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survey (Arbaugh, Cleveland-Innes, Diaz, Garrison, Ice, Richardson, & Swan, 2008) in the form of a
5-point Likert scale was employed.
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Figure 1. Issues and instruments involved in the current study.

Participants (Tetal 50 students)
Class A (N=25), Class B (N=213)
Ures o mstruciion
Proced f flipped 1 i I
Pre-test | of oral readmng and 1 l
comprehension questions || 1 Before class !
I 2. Preview video and write a story based on
{ I idioms covered on the video |
Conventional instuction | b. P““HJ:E story (written work & audio |
| e. Provide verbal or wittten feedback on LINE | ||
L | ] |
Post-test | of oral reading and I 2 ﬂml{lmﬂnﬂ} _ I
comprehension questions I Rf‘““'ﬂ“.ﬂmmﬁ&dmf}’ 1
I EConcaptlons I
“ | Short story presentation
|
Pre-test 2 of oral reading and e C“““"m":m _ I
comprehension questions : (discussion & group presentation) I
‘ | 3. Before class |
a. Guded dialogue draftiing on LINE (written
|
Pre-survey of the Col scale I work & audio recording) I
3 I | 4 Class 2 (100 mix) i
| | = Go through the reading text i
Do €| | b Oral reading of the unifs & group I
(8 weeks) I L . 0
.‘ | c. Engage studenis inte comprehensicn |
uestions 1
Post-test 2 of oral reading and | d Ovalpme o of Eui . I
I E OIS EEN BN S N S S B S . . . .-
Post-survey of the Col scale

Figure 2. Procedures of the current study.
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3. Results and Discussion

With respect to the evaluation of the participants’ oral performance on the pre- and post-tests (i.e., oral
reading and reading comprehension), the results revealed that that in both types of instruction, the mean
score of the post-test was higher than that of the pre-test (see Table 1). In the post-test comparison, the
mean score of the flipped learning (M=85.98) was much higher than that of the traditional instruction
(M=66.6).

Table 1. Descriptive statistics of the pre-test and the post-test

Test Instruction N Mean SD Min. Max.
Flipped 50 | 69.94 5.80 59 83
Pre-test Traditional | 50 | 59.29 5.08 48 74
Flipped 50 85.08 5.58 75 95
Post-test ™1 ditional | 50 66.6 5.0 55 82

Furthermore, in both forms of instruction, the participants performed significantly better on the post-test
compared to the pre-test, and that the post-test of the flipped instruction was significantly higher than
that of the traditional instruction, suggesting that the flipped instruction contributed to significantly
better learning outcomes than the traditional lecture-based instruction. Such results were in line with the
findings of previous studies that have shown the benefits of flipped instruction on students’ learning
outcomes (Hung, 2015; Strayer, 2012).

Table 2. Paired-Samples t-Test of the pre-test and the post-test

Paired Differences
95% Confidence
Interval of the
Difference
Std. Error Sig.
Mean SD Mean Lower | Upper t df (2-tailed)
Post (flipped) to 16.04 | 1.64 24 1557 | 1652 | 67.901%* | 47 .000
Pre (flipped)
Post (traditional) to | 4, |} 5, | 5 692 | 770 | 37.826%* | 47 | 000
Pre (traditional)
Post (flipped) to 1938 | 1.32 20 1899 | 19.76 | 102.094%* | 47 .000
Post (traditional)

The results in Table 3 indicated that significant differences in the social presence were found
between the flipped instruction and the traditional lecture-based instruction, as students expressed
significantly positive perception of the flipped learning compared with past traditional learning,
highlighting the supportive interactive context created in the flipped instruction for comfortable
discussion and interaction. Therefore, the participants shared related experiences to reach a shared
understanding in a collaborative learning context.

Table 3. Paired-Samples t-Test of the pre-survey and the post-survey of the social presence in Col

Paired Differences
95% Confidence
Interval of the
Difference
Std. Error Sig.
Mean SD Mean Lower | Upper t df (2-tailed)
Post to Pre .63 .55 .08 46 .81 7.516*%* | 49 .000
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4. Conclusions

The results of the current study revealed that overall, the participants held positive perception of the
flipped learning adopted in the current study. The participants benefited from the online learning
community in a flipped instruction for it created a supportive learning setting that allowed for
comfortable social and interpersonal communication and collaboration. Furthermore, such instructional
design significantly improved the participants’ oral proficiency, leading to higher competence in
interactive and collaborative learning activities, such as online or in-class interaction and discussion.
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Abstract:This paper reports the design of a GS-supported collaborative learning environment
to empower fifth graders students’ conceptual learning in the primary mathematic classroom.
The investigation of the effectiveness of the learning design through evaluating students’
learning gains. The result indicated that the proposed design could help enhancing students’
factor learning experiences. By analyzing the feedback questionnaires and interviews, finding
that CSCL could promote the peers to interact positively, rely on and help with each other, and
could elevate the pupils’ motivation and interests in learning. Suggestions were made at the end
of this paper based on the results of this research providing for reference to further studies and
practice teaching.
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1. Introduction

In mathematics learning at the primary level, developing the concept of factor in students is an
important goal. Conceptual learning often poses difficulty to primary school students as it requires
substantial abstract thinking. As shown in previous studies, that students hold misconceptions of factor
is common occurrence (Zazkis, 1999; Shih, 2007). To address this problem, educators and researchers
are making efforts to identify effective instructional designs and teaching strategies that can enhance
conceptual change.

From the constructivist perspective of learning, conceptual change is triggered by cognitive
conflicts that arise when existing concepts are not sufficient to explain the perceived experience (Ferrari
& Elik, 2003). Processing cognitive conflicts is an indispensable step to conceptual change (Posner &
Gertzog, 1982; Posner, et al., 1982). Among all the instructional approaches proposed and practiced,
collaborative learning has proved effective in encouraging cognitive conflicts and empowering the
resolution of these conflicts through group discussions (Putnam, 1986, Dong & Guo, 1992, Robbins,
1996, Tedesco & Self, 2000). Apart from improving learning gains and the retention of the learning
gains, student collaboration is also found beneficial to enhancing motivations, learning attitudes,
self-efficacy, collaboration skills, and social skills in students. Students can also develop better problem
solving, knowledge integration and application skills in these processes (Brown 2001; Johnson,
Johnson, & Stanne, 2000; Slavin, 1995; 1999).

To better support and sustain student collaborations, Internet and Information Technologies
(ICTs) are increasingly introduced to traditional classrooms. However, incorporating the technology
alone is inadequate to improve student learning experiences. From past endeavors made in designing
collaborative technology-enhanced learning environments, the importance of embedding suitable
activity design to foster expected cognitive activities and social interactions is acknowledged (Lin , et al.,
2014). To improve the conceptual leaning of factor in primary education, in our school-based research
in Taiwan, we have designed a collaborative learning environment which is specifically tailored for
conceptual learning integrating collaborative learning strategies and concept teaching strategies
established in literature. This study investigates the effectiveness of this collaborative learning design
by examining students’ learning gains, perceptions and behaviors.
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2. Research Background and Goals

In this school-based research project, we integrated Group Scribbles (GS), a networked technology co-designed
and developed by SRI International and Learning Sciences Laboratory to enhance student conceptual learning in
primary mathematics classrooms. Based on a metaphor of whiteboard and sticky notes for collective construction
of knowledge (Roschelle, et al., 2007), GS is conceived as a flexible platform for designing and enacting different
forms of collaborative work via synchronous communication and interaction (Looi, et al., 2011; Chen, et al.,
2012). In various classroom settings (including science and mathematics learning and language learning both at
primary and secondary levels in Singapore), GS-supported collaborative learning has all proved effective in
improving student learning gains, attitudes, and epistemology (Chen & Looi, 2011; Chen, Looi, & Tan, 2010;
Lin, et al., 2014). Encouraged by these “successful” practices in authentic classrooms, we hoped GS could help
transform traditional teacher-centered instruction to student-initiated exploration in Taiwan primary schools.

To bring collaborative learning into fruition, certain structuring or script should be embedded in the
learning design to scaffold students’ cognitive activities and social interactions. As factor learning has been the
bottleneck for primary mathematics learning for long, various strategies for lesson design and enactment have
been proposed and practiced to alleviate students’ misconceptions (Zazkis & Campbell, 1996; Lin, 2002; Huang
& Liu, 2002; Pape, 2004; Dias, 2005; Hsieh & Lin, 2006; Ke, 2007; Camli & Bintas, 2009). Reviewing existing
literature, seven strategies, including: 1) reviewing and activating prior knowledge; 2) engaging contextualized
and situated learning materials and experiences; 3) integrating hands-on experience, gaming, and multimodal
representations; 4) providing timely explanations to and elaborations on word-problems (sometimes students have
difficulty understanding word-problems due to deficient language proficiency); 5) providing diversified learning
and practicing materials; 6) highlighting operation and verification in learning and practicing; 7) encouraging
student questioning (to enable diagnostic assessment), were identified. We translated these seven strategies to the
present design to promote conceptual learning. To ensure that students really learn collaboratively, that is to say
there indeed is positive interdependence, individual accountability, equal and successful learning opportunity, and
group processing in group collaborative work (Arends, 2004; Davidson & Worsham, 1992; Slavin, 1990a; Slavin,
1995), Students Team Achievement Division (STAD) was employed in the learning activity design. This
collaborative strategy, highlighting heterogeneous grouping, class-level teaching, team study, individual testing,
group recognition and rewarding, has been widely applied and proved effective in addressing well-structured
problems.

3. Research Design
3.1 Participants

A fifth-grade class consisted of 27 students (14 boys and 13 girls) from a local primary school in
Northern Taiwan participated in this study. The students were distributed into small groups of 3 to
complete collaborative learning tasks. In grouping, heterogeneity in terms of student mathematics
ability and gender was pursued. We first categorized students into High ability, Medium ability and
Low ability groups based on their scores in the school mathematics test administered before the
intervention. Then we randomly selected one student from each category to form a group. Altogether, 9
heterogeneous groups were composed. During intervention, the researcher shouldered the role as the
teacher to ensure proper delivery of the lesson (the lesson was designed by the researcher). Being
comfortable and competent in teaching with the collaborative technology (GS 2.0) and having rich
experience in teaching mathematics in primary schools, the researcher was fully capable of instructing
the lesson.

3.2 GS-supported collaboration

In this learning design, student collaboration was supported by both F2F communication and GS-based
interaction. In GS lessons, students each were provided with a laptop with GS 2.0 installation. To
encourage F2F interaction, students were seated in close physical distance. GS 2.0 user interface
presents a two-paned window. The lower-pane is the private working space, the “private board” and the
upper-pane is the shared working space, the “public board” (Figure 1). Users generate virtual pads of
“scribbles” on the private board to draw, write and type in their ideas. All the actions enacted and all the
contents displayed on “private board” are invisible to others. Scribbles crafted are shared and made
public as users drag them onto the public board which is synchronized among all learning devices.
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Scribbles on public board could be moved, deleted, and withdrawn to private boards for further
revision. Users can select the group board that they want to visit and review by clicking the bottom on
the right corner of the interface. The most striking feature of the GS technology is its synergy of
autonomous cognition (on private board) and collaborative cognition (on public board). It also supports
seamless switch between individual, intra-group, inter-group, and class level interaction. GS is highly
customized as users can upload pictures, texts, movie clips and audios on the public board to scaffold
teaching and learning. In this study, factor problems to be solved were presented in this area. Before
participating in the GS lessons, all the students had undergone one session (40 minutes) of GS technical
training during which they gained mastery in using the technology and developed familiarity with their
group mates.
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Figure 1. GS interface

3.3 Collaborative learning activity design

As aforementioned, in collaborative learning activity design, both concept instruction strategies and a
collaborative strategy (STAD) were incorporated. The lesson designed was altogether 80-minute long
involving three main learning activities. At the beginning of the lesson, the instructor spent Smins
introducing students the learning tasks, after which students engaged in a 15-minute reviewing activity,
a 40-minute concept learning activity and a 20-minute concept application activity (see Table 1 for the
detailed lesson plan) during which they gradually developed the concept of factor. The reviewing
activity aimed at activating students’ prior knowledge on operations (multiplication and division) that
serves as a prerequisite for developing the concept of factor. In the concept learning activity, the main
learning stage, two contextualized and situated problems were presented and solved via group work. In
this process, students gained initial understanding of the factor concept via self-initiated exploration and
collective cognition. Based on these initial ideas, the teacher further explained, elaborated and extended
the concept. In the concept application activity, a game-based problem was incorporated to encourage
student applying the developed concept to address real-world problems. The incorporation of gaming
element could also enhance student learning motivation and interest.
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Table 1: GS lesson design

Activity Flow Instructional strategies

1. Task introduction (5 mins):

Teacher provided general explanations on task
requirements (finishing the problems presented via
group work) and group rewarding.

2. Reviewing activity (15 mins): v Reviewing and activating  prior
Teacher explained the task requirement knowledge

Students worked in small groups to solve two v" Providing timely explanation to and
operation problems elaboration on word-problems

Class discussion v' Highlighting operations and verification
Group rewarding in learning and practicing

3. Concept learning activity (40 mins): v" Engaging contextualized and situated
Teacher explained the task requirement learning materials and experiences
Students worked in small groups to solve two v’ Integrating hands-on experiences
word-problems & verify the solutions v" Encouraging student questioning

Group working sharing

Teacher summarized and commented on students’

group work

Teacher explained, elaborated and extended the

factor of concept

Group rewarding

4. Concept application activity (20 mins): v Engaging gaming

Teacher explained the task requirement v' Providing diversified learning and

Students worked in small groups to solve a teaching materials
game-based problem

Group work sharing

Class discussion & rewarding

4. Data Analysis & Results

To assess student conceptual learning gains, Paired-Sample T test was conducted to see whether there
was significant progress in student scores in the factor test after the GS lesson. Data analysis results
proved students learning gains. Student scores in the post test were much higher than those obtained in
the pretest (t=-5.466, p< .01) (Table 2). Moreover, the differences between students were narrowed
after the GS lesson as the Standard Deviation decreased from 21.40 in the pretest to 11.98 in the post
test. In the following, Paired-Sample T test was administered again to examine the retention of these
learning gains. It was noticed that there was no significant difference between student post test scores
and delayed test scores, though the delayed posttest was carried out one month after the post test
(t=1.700, p>.01) (Table 3). From these statistical analysis results, the effectiveness of the proposed
learning design in helping students learn mathematics concepts has been confirmed.

Table 2 :The Paired-Sample T test results (pretest vs posttest)

Variable No. of students Mean Standard deviation t Significance
Pretest 27 68.85 21.40 5,466 000%#*
Posttest 86.99 11.98

*A%p <.0001

Table 3: The Paired-Sample T test results (posttest vs delayed test)
Variable No. of students Mean Standard deviation t Significance

Post test 97 86.99 11.98 1.700 101

Delayed post test 83.48 17.44
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To identify what types of students may benefit and benefit most from this learning design, we
analyzed the effect of student mathematics ability on their achieved learning gains. Paired-Sample T
test affirmed that, all the three categories of students-- Low ability students (t=-.4555, p<.01), Medium
ability students (t=-3.531, p<.01) and High ability students (t=-2.384, p<.05) improved significantly in
the post-test (Table 4 ~ Table 6). This further validated the benefits of our learning design to all the
students in terms empowering learning.

Table 4: Paired-Sample T test (pretest vs posttest): Low ability students

Variable No. of students Mean  Standard deviation t Significance
Post test 9 45.013 13.453 4555 002+
Post test 75.213 11.538

** p<.01

Table 5: Paired-Sample T test results (pretest vs posttest): Medium ability students

Variable No. of students Mean  Standard deviation t Significance
Post test 9 75.214 13.927 3,531 008**
Post test 91.168 6.918

** p<.01

Table 6: Paired-Sample T test results (pretest vs posttest): High ability students

Variable No. of students Mean  Standard deviation t Significance
Post test 9 86.326 9.245 9384 044
Post test 94.588 6.715
*p<.05

Further analysis was performed to find out what type of students might benefit most from this
learning design. In practice, we ran an ANCOVA test (using student pretest scores as the covariant) to
compare the performances of students of different mathematics ability in the post test. The assumptions
of the analysis were met as the homogeneity of regression coefficients was achieved (F= .748, p> .05)
(Table 5). The ANCOVA result showed that three types of students did performed significantly
different in the post test (F=.232, p < .05) (Table 7). Post hoc test (LSD) found that there was no
significant difference in post test scores between students of High ability and those of Medium ability
(p> .05). However, students of Low ability performed strikingly different from those of High ability
(p< .05) and Medium ability (p< .05) (Table 8). This result suggested that it was the Low ability
students that improved most in this type of conceptual learning. This was probably the reason why the
standard deviation was small in the post test compared to the pretest.

Table 7: ANCOVA test results

Source Type III sum of df Mean F Sig.
squares Square
Student Mathematics ability * Pretest score 120.237 2 60.119 743 486
Error 1688.386 21 80.399 ) )
Source Type IIl sum of squares df Mean Square F Sig.
Student Mathematics ability 610.383 2 305.192 3881 035
Error 1808.623 23 78.636 ) )

p<.05
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Table 8: LSD test results
Student Mathematics ability ~ Average difference Standard error ~ Sig.

High ability * Medium ability 3.432 4.484 452

Low ability * High ability -19.420 7.342 .014*

Low ability * Medium ability -15.988 6.078 .015*
p<.05

5. Conclusion

This paper reports the design of a GS-supported collaborative learning environment to empower
students’ conceptual learning in the primary mathematic classroom and the investigation of the
effectiveness of the learning design through evaluating students’ learning gains. Through analyzing
both “product” and “process”, “objective” and “subjective” data, we were pleased to find that the
proposed design could help enhancing student learning experiences.

In examining students’ learning gains, a pretest-posttest-delayed posttest design was employed.
In analyzing student test scores in a self-designed and validated factor test after the intervention,
significant progress was noticed and successfully preserved as indicated in the delayed posttest.
Moreover, further analysis showed that the proposed design has a general positive effect on all the
students. Students, regardless of their mathematics ability, all gained better scores in the post test after
the GS lesson. And it was the Low ability ones who improved most. In addition, the investigation of
students’ attitudes data also confirmed that this learning design could empower their learning. In
accordance with the appeal to shift the focus from analyzing learning outcomes to learning processes
analysis in CSCL research, the examination of student learning behaviors was also performed to further
legitimize the design. Fine-grained analysis showed that students mostly demonstrated positive
interactional behaviors in their group work. Individual cognition and teacher-student interaction was
scarce.
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Abstract: Previous studies indicated that game elements may make players have joyful
experience but some research indicated that players’ learning performance may not be as good as
what was expected. This might be due to the fact that poor user interface presented in serious
games hindered students’ learning performance. Therefore, designers should not only consider
game elements, but also take into account interface elements. However, there is a lack of such
studies that pay attention to both game elements and interface elements when developing serious
games. To this end, this study aims to investigate how interface elements and game elements are
considered in the design of serious games. A peer assessment approach is applied to achieve this
aim. The results from the peer assessment indicated that designers generally tended to focus on
game elements and paid less attention to interface elements. Furthermore, all game elements
were similarly considered but interface elements were not equally treated. In particular,
designers seemed to ignore the importance of error prevention and recovery from errors.

Keywords: Serious Game, User Interface, Game Elements, Nielsen Heuristics

1. Introduction

Over the past decades, digital games have become very popular. Among various types of games, serious
games are widely accepted as effective learning tools, which can be applied for inquiry, multitasking,
collaboration, creativity problem-solving, and decision-making (David and Watson, 2010, Gee, 2003).
This may be due to the fact that serious games provide a joyful environment, which contains multiple
game elements, including storyline, game play, artistic/graphics, and sound/special effects, Al. The
significance of these game elements is described in Table 1.

Table 1: Game Elements

Game Elements Significance

Storyline To facilitate players to develop a quick understanding of
unexplored virtual worlds (Park, 2010; Busselle and Bilandzic,
2008)

Gameplay To use rules to ensure that all players take same paths and make
them feel excited about playing the game (Prensky, 2001).

Artistic/Graphic To improve display characteristics to attract players (Prensky,
2001)

Sound/special effects, | To affect players’ task performance and stress response (Hébert et
al., 2005; North and Hargreaves, 1999)

Al To provide players with feedback so that they can know their
current status (Dobrev, 2012)

The game elements presented in Table 1 may make players have joyful experience but players’ learning
performance may not be as good as what we expected. For instance, Schrader and Bastiaens (2012)
indicated that some serious games decreased students’ learning performance. This might be due to the
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fact that user interface is not properly presented in the serious games so that some learners may need to
spend additional time learning how to play these serious games. In other words, only taking into account
game elements is not sufficient and there is also a need to consider usability guidelines.

Usability is widely used in system design and the aim of usability refers to making systems easier to use,
pleasant to use, and matching them more closely to users’ requirements (Nielsen, 1994). A number of
usability guidelines can be applied to evaluate usability (e.g., Shneiderman’s Eight Golden Rules of
Interface Design, Norman’s Design Principles and Nielsen’s Heuristics). Among these usability
guidelines, Nielsen’s heuristics (Table 2) were first formally described in presentations in the
Human—Computer Interaction conference through papers published by Nielson and Molich (1990).
Since then, they have refined the heuristics based on a factor analysis of 249 usability problems to
derive a revised set of heuristics with maximum explanatory power. Such heuristics are most commonly
used because they can be used effectively by novices and experts alike and can be performed at any
stages of the development lifecycle (Nielsen, 1994). In particular, recent studies attempted to
incorporate Nielsen’s heuristics into the interface design of serious games. For example, Hsieh, Su,
Chen and Chen (2015) took a user-centered design approach to develop a Robot-based Learning
Companion based on Nielsen’s heuristics. Additionally, Mei, Ku and Chen (2015) used Nielsen’s
heuristics to develop problem-solving games that can accommodate learners’ gaming experience.

The aforementioned studies suggested that incorporating Nielsen’s heuristics into the interface design
of serious games is feasible. Therefore, designers should not only consider game elements, but also
take into account interface elements. However, there is a lack of such studies that pay attention to both
game elements and interface elements when developing digital games, especially serious games. To this
end, the study presented in this paper aims to investigate how interface elements and game elements are
considered in the design of serious games. A peer assessment approach is applied to investigate game elements
and interface elements provided by serious games and relationships between game elements and
interface elements are also examined in this study.

Table 2: Nielsen’s ten heuristics (1994)

Heuristics

Explanations

H1: Visibility of system status

The system should always keep user informed about what is going
on by providing appropriate feedback within reasonable time

H2: Match between system and
the real world

The system should speak the user’s language, with words, phrases
and concepts familiar to the user, rather than system-oriented
terms. Follow real-world conventions, making information appear
in a natural and logical order

H3: User control and freedom

Users should be free to develop their own strategies, select and
sequence tasks, and undo and redo activities that they have done,
rather than having the system do these for them

H4: Consistency and standards

Users should not have to wonder whether different words,
situations, or actions mean the same thing and the system should
follow platform conventions

H5: Error prevention

Even better than good error messages is a careful design, which
prevents a problem from occurring in the first place

H6: Recognition rather than
recall

Make objects, actions, and options visible. The users should not
have to remember information from one part of the dialogue to
another. Instructions for use of the system should be visible or
easily retrievable whenever appropriate

H7: Flexibility and efficiency
of use

Allow users to tailor frequent actions. Provide alternative means of
access and operation for users who differ from the ‘‘average’’ user
(e.g., physical or cognitive ability, culture, language, etc.)

H8: Aesthetic and minimalist
design

Dialogues should not contain information that is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes
with the relevant units of information and diminishes their relative
visibility
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H9: Help wusers recognize, | Error messages should precisely indicate the problem and
diagnose and recover from | constructively suggest a solution. They should be expressed in
errors plain language

H10: Help and documentation | Even though it is better if the system can be used without
documentation, it may be necessary to provide help and
documentation. Any such information should be easy to search,
focused on the user’s task, list concrete steps to be carried out, and
not be too large

2. Methodology
2.1.1 Participants

A total of 41 individuals participated in this study. Participants were students from the some universities
in Taiwan, aged between 22 and 25 years old, and they volunteered to take part in the study. These
participants were randomly assigned into seven groups, each of which included five or six individuals.
A request was issued to learners in lectures, and further by email, making clear the nature of our study
and their participation. All participants had sufficient computing skills to act as designers to design
serious games in this study.

2.1.2 Experimental Procedure

During the experiment, each group was requested to design a serious game with the Game Maker,
which was chosen because it has been used as a rapid development tool in several studies (e.g.,
Moreno-Ger et al., 2007). Moreover, the Game Maker takes an object-oriented and event-driven
approach (Overmars, 2004) so it may be easy to use for most designers. The experimental procedure
was divided into two steps: (1) preliminary training and (2) peer assessment (Figure 1). The details are
described below.

Main Assessment

Preliminary Training

Introduction to

Nielsen Heuristics Game Demonstration

Introduction to
Game Elements

Q&A

Assessment
The use of
Game Maker

Figure 1. The experimental procedure
2.1.3 Preliminary Training
In order to ensure that every participant has proper domain knowledge, the participants were provided
with preliminary training sessions, which covered three topics. Table 3 describes the details of each

topic. Regardless of the topics, the participants needed to do some exercises in the end of each session
so that they could review what they had learnt in each session.
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Table 3: The preliminary training procedure

Topics Learning Objectives Length

Introduction to | The participants should have a basic | Three 60-minute sessions
Nielsen’s heuristics | understanding of how to use Nielsen’s
heuristics to assess usability

The Design of Game | The participants should develop skills of | Two 60-minute sessions

Elements how to incorporate various game elements
The Use of the | The participants needed to know how to use | Nine 60-minute sessions
Game Maker tools and logics provided by the Game

Maker

2.1.4 Peer Assessment

The assessment covered two parts. One was related to game elements while the other was concerned
with user interface. During the peer assessment, each group was required to demonstrate serious games
developed by them in front of remaining six groups. Additionally, they needed to present how they
incorporated the game elements and interface elements into their serious games. Such demonstration
and presentation took 20 minutes or so. Finally, there was a five-minute Q&A session, where the
participants needed to answer questions raised by the other groups.

After listening to the demonstration and presentation and the answers to the questions, the other groups
started to make assessment. More specifically, the other groups needed to fill out a mark sheet for each
group. The first part of the mark sheet included five items, which were committed to assess whether the
the game elements were properly implemented, i.e.,, G1: Storyline, G2: Game Play, G3:
Acrtistic/Graphics, G4: Sound/Special effects, G5: Artificial Intelligence. The second part included 10
items, which were committed to evaluate whether user interface was properly designed based on
Nielsen's ten heuristics. To facilitate assessment, detailed criteria were produced according to each item.
Finally, the first part contained 18 criteria while the second part included 31 criteria. Irrespective of the
number of criteria in each part, 20 points were assigned to each item in the first part while 10 points
were given to each item in the second part. By doing so, the perfect score of each part is 100.
Additionally, the higher the score was given, the more the design matches with the criteria, and vice
versa.

2.1.5 Data Analysis

In this study, the independent variables are interface elements and game elements and the dependent
variables are the scores obtained from each interface element and each game element. An independent
t test was applied to identify differences between interface elements and game elements. Furthermore,
an ANalysis Of VAriance (ANOVA), suitable to test the significant differences of three or more
categories (Stephen & Hornby, 1997), was applied to analyze differences among interface elements and
among game elements. By doing so, the interface elements and game elements that designers paid the
most attention and those that designers paid the least attention could be identified. Additionally,
Pearson’s correlations were also applied to analyze relationships between the scores from game
elements and those from interface elements so that the associations between these two types of elements
could also be discovered.

3. Results and Discussion

Table 4 describes the mean values and standard deviations of the scores from game elements and those
from interface elements. We further used an independent t test to analyze their significant difference.
The results indicated that a significant difference (t(40)=2.421, p<.05) existed between the scores from
game elements (Mean = 71.81, SD=17.73) and those from interface elements (Mean = 60.14,
SD=13.17). In other words, designers tended to pay more attention to game elements than interface
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elements when they developed serious games. We further analyze how each game element (Section 3.1)
and each interface element (Section 3.2) were implemented in serious games and how game elements
are associated with interface elements (Section 3.3).

Table 4: The mean and standard deviation of game and interface
Game Elements Interface Elements
Mean 71.81 60.14
SD 17.73 13.17
Significance t(40) = -2.421*

Keys: "p<.05 “p<.01

3.1 The evaluation of game elements

The results from the ANOVA indicated that no significant differences exist among scores obtained
from each game element (F(4)=.38, p>.05). This finding suggested that all game elements were almost
equally taken into account when designers developed their serious games (Mean = 14.36, SD=0.89).
This might be due to the fact that serious games became very popular in recent years (Johnson,
Vilhjalmsson, and Marsella, 2005). Accordingly, designers could have a clear understanding of all
game elements so that most of them could effectively integrate these elements into the design of serious
games.

Even though there was no significant difference, we still found some interesting results (Table 5). More
specifically, the highest score and the lowest standard deviation (Mean=15.59, SD=2.10) were found in
G2 while the lowest score and the highest standard deviation (Mean=13.46, SD=6.48) were
demonstrated in G4. In other words, most of designers paid attention to G2, which refers to Gameplay,
including game rules and the compatibility of the game. This finding revealed that most of the designers
considered Gameplay as an important factor in the design of serious games. On the other hand, not all of
designers were concerned with G4, which refers to Sound/Special effects. This finding implied that not
all of designers thought that Sound/Special effects were essential for the design of serious games. In
particular, one group totally ignored the Sound and Special effects and obtained zero score for this game
element. In other words, designers had diverse views towards the Sound and Special effects presented
in serious games.

Table 5: The score from each game element
Gl G2 G3 G4 G5
Mean 14.76 15.59 14.44 13.46 13.56
SD 3.25 2.10 2.98 6.48 2.70

3.2 The Assessment of Interface elements

One difference between the game elements and interface elements is that a similar level of attention was
paid to the former while different levels of attention were given to the latter. More specifically, the
results from the ANOVA indicated that there was a significant difference among scores obtained from
each interface element (F(9)=10.63, p=.000). The results from the post-hoc analyses indicated that the
scores from H5 and H9 were significantly lower than those from H2, H3, H4, H6, H7, and H8. In other
words, designers paid more attention to H2 (match between system and the real world), H3 (user control
and freedom), H4 (consistency and standards), H6 (recognition rather than recall), H7 (flexibility and
efficiency of use), and H8 (aesthetic and minimalist design), among which H4 received the most
attention. Conversely, they ignored H5 (Error prevention) and H9 (Help users recognize, diagnose, and
recover from errors) and H 9 was received the least attention.

The other difference lied within the fact that the score of each interface element was low (Mean = 6.01,

SD=1.65). In particular, the scores given for H5 and H9 were lower than the mean value (Table 6).
Additionally, high SDs existed in these two interface elements. These findings suggested that designers
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not only tended to ignore H5 and H9, but had diverse opinions for the assessment of these two interface
elements. This might be because H5 and H9 are concerned with the reduction of errors that users may
make. However, such errors need to be identified by field works. The lack of evidence from the field
works may make designers have difficulties in knowing errors that users may make and helping them
recover from such errors. This might be the reason why these two interface elements were ignored by
the designers.

Table 6: The score from each interface element

H1 H2 H3 H4 H5 H6 H7 H38 H9 H10

Mean 6.17 7.11 7.16 7.96 3.69 7.12 6.88 7.35 3.13 4.22

SD 1.09 0.81 1.58 0.98 1.95 1.34 1.14 1.25 1.03 1.91

3.3 Game VS. Interface

Pearson correlations were applied to analyze relationships between each game element and interface
element (Table 7). As shown in Table 7, positive relationships existed between H4 and G1 (r=0.80,
p<0.05), between H7 and G2 (r=0.78, p<0.05), and between H8 and G3 (r=0.76, p<0.05). The positive
relationship between H4 (Consistency and standards) and G1 (Storyline) suggest that user interface
designed in a consistent way can make players immerse in the storyline of the serious game. This might
be owing to the fact that the coherence of the storyline of a serious game could be clearly and easily
demonstrated in consistent user interface. Accordingly, such coherence could increase the immersions
of the players.

Table 7: Pearson correlation between game and interface
r H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Gl 42 .60 A1 .80* .34 .20 .69 .35 14 .04
G2 21 .29 .65 .63 73 .58 J78* .63 .09 -.02
G3 -.04 -.23 .60 .63 41 .29 .69 76% -.07 -42
G4 -.01 .01 -.01 71 27 -.10 71 .34 .07 -.16
G5 -13 -.08 .34 73 42 10 74 .57 10 -.30

Keys: "p<.05 " p<.01

Regarding the relationship between H7 (Flexibility and efficiency of use) and G2 (Game Play), the
former refers to flexible manipulation and efficiency of use while the latter refers to the experience of
players reaching the game’s objectives (Papaloukas, Patriarcheas and Xenos, 2011). Therefore, this
finding suggested that players could smoothly pursue the game’s objectives when they were allowed to
play the game in more efficient and flexible way. Regarding the relationships between H8 (Aesthetic
and minimalist design) and G3 (Artistic/Graphics), both elements are concerned with the prettiness of
user interface. This may be the reason why a positive relationship existed between these two elements.
In other words, they were related to each other.

In summary, the interface design of serious games is closely associated with the entertainment of
serious games. Therefore, designers may need to take into account both game elements and interface
elements to improve players’ gaming experience.

4. Conclusions

This study used a peer assessment approach to investigate how designers perceived the importance of
interface elements and game elements in the design of serious games. Figure 2 summarizes the findings
of this study. As shown in Figure 2, the results of this study indicated that designers generally tended to
focus on game elements and paid less attention to interface elements. Furthermore, each game element
was similarly considered though G2 (Game Play) was paid the most attention. On the other hand, each
interface element was not equally treated. More specifically, designers were more concerned with H2
(Match between System and the Real World), H3 (User Control and Freedom), H4 (Consistency and
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Standards), H6 (Recognition rather than Recall), H7 (Flexibility and Efficiency of use), and H8
(Aesthetic and Minimalist design). However, they seemed to take less notice of H5 (Error Prevention)
and H9 (Help users Recognize, Diagnose and Recover from errors). In other words, they might ignore
the importance of error prevention and recovery from error. These findings implied that future works
should examine how to help designers develop a deep understanding of the importance of interface
elements so that they could know how to design usable user interface for serious games. The ultimate
goal is that players are able to know how to initiate serious games effectively so that their learning
performance can be enhanced. In spite of the fact that the findings from this study provide the
aforementioned guidance, this is an exploratory study, which included a small sample. Thus, there is a
need to consider a larger sample to provide additional evidence in the future. The other limitation is that
this study only takes into account Nielsen’s heuristics. Thus, it is necessary for further studies to
consider other usability guideline, e.g. Shneiderman's “Eight Golden Rules of Interface Design”
(Schneiderman, 1986).

Designers

Game Elements Nielsen Heuristics

(G2) (H5, H9)
Gl H4
G2 H7
G3 HS

Figure 2. The Summary of the Findings
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Abstract: This study aimed to enhance Thai urban school students’ scientific argumentation
through physics learning weblog. The participants included 47 Grade 10 students studying in an
urban large-size school, Kaennakon Wittayalai School. This study was done during the first
semester of 2014 academic year. The physics learning weblog provided argumentation
situations in six sub-units: (1) Force and Work (2) Energy, Kinetic Energy, Potential Energy (3)
Law of Energy Conservation, (4) Apply Law of energy Conservation, (5) Power, and (6)
Mechanical. A qualitative was adopted in this study. Students’ expression, discourse, and tasks
in physics weblog were collected to examine students’ argumentation in physics learning. The
Toulmin’s diagram of Arguments Pattern (TAP) was used as framework to interpret students’
argumentation on weblog. The findings indicated that the physics learning weblog enhanced
scientific argumentation. Students could comment or express their ideas. The paper will discuss
details of students’ argumentation regarding on TAP’s coding schema - data, claim, warrants,
qualifiers, rebuttals and backing. Implications for effective situation argumentation of weblog
in Thai physics context are also discussed.

Keywords: Weblog, argumentation, physics learning, TAP

1. Introduction

The Weblog (blog) is a web-based technology which contains users’ comments which could be
written from opinions, experiences or observations. A weblog is usually administered by a small group
of people and usually displays comments or discussion in a conversational style or other informal
formats. They provide individual users with an easy way to publish online and others to comment on
these views. Furthermore, there is a suite of secondary applications that allow weblogs to be linked,
searched, and navigated. Although originally intended for individual use, in practice weblogs
increasingly appear to facilitate distributed discussions. Students learn how to share their thoughts and
communicate, opinions which reflecting on real-world issue through comment on the blog (Duplichan,
2009). The weblog could provide students to generate dynamics of the conversation structures and
develop their argumentation model (de Moor and Aakhus, 2003). In addition, blogs can also give the
“silent student” a voice, the one that not very comfortable show their ideas in classroom. The blog can
offer a “safe place” for their voices to be heard in a lower pressure environment (Luehmann and Frink,
2009). Students felt blog is “fun” and “helpful” also made them interested in using these technologies
(Barlow, 2008; Columbo, 2007; & Erickson, 2009). It allows students the chance to take charge of their
own learning (Luehmann and Frink, 2009).

Since 2010, the Technology for Teaching and Learning Center, under Thai Ministry of
Education, have organized workshop for training Thai teachers to create blog content through
“wordpress” (URL: http://www.wordpress.com); there is increasing science learning blog. This allow
students could be able to study a lesson at anytime, anywhere when they are comfortable and they can
share ideas with friends via the comments box lessons. These can decrease the problem of students who
not dare ask the teacher, answer the question or discussion in the classroom (Sudprakone, 2012)

When students learn how to create a scientific argument and develop rationale behind the
arguments. They will be able to integrate their knowledge with the actual problem better. In real life
situation, when these students face to the issues, they will be able to apply the skill and apply their
knowledge in specific science to solve the issue. Part of argumentation is students be able to develop
sensible reason to support their argument. Quality argumentation would be greatly help in solving
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issues or conflicts between parties (Lin & Mintzes, 2010). Another important factor is how learning
environment is setup. In order to achieve effective result of argumentation, teacher must divide students
into small groups. This provides students a higher chance to participate in discussions and develop
arguments effectively. There is a correlation between the quality of the student's argument and the ratio
of teacher to students in the group discussion (Osborne et al., 2004). In order to provide opportunities of
argumentation, students would have more social interaction among themselves, and they are tends to
generate ideas until also conclusion is drawn or the problem is solved (Suksringam, 2007).

Argumentation frameworks for multi agent systems can be used for different purposes like
joint deliberation, persuasion, negotiation, and conflict resolution. On this research, we are focus on
argumentation-based joint deliberation among students learning in classroom. Argument-based
onjoint deliberation involves discussion over the outcome of a particular situation or the appropriate
course of action for a particular situation in the classroom. Students are capable of learning from
experience, in the sense of past examples (situations and their outcomes) are used to predict the
situation outcome. However, since individual student experience may be limited, the individual
knowledge and prediction accuracy is also limited. Thus, learning students are capable of arguing
their individual predictions with other agents may reach better prediction accuracy after such an
argumentation process (Ontafion, & Plaza, 2007).

According to the section 24 of the National Education Act of B.E. 2542 (1999) (Office of the
National Education Commission, ONEC, 1999), provide the important idea of learning process;
Educational Institutions shall provide training in thinking process, management, how to face various
situations and application of knowledge for obviating also solving problems. The teacher must be aware
of the importance in effective strategies for teaching and learning science (physics).

Physics is a scientific subject that is important to study in order to understand phenomena that
occur and introduction before study in higher education (Rosnow & Rosenthal, 1989; Aikenhead &
Ryan, 1992). Most students do not like it, they are thinking physics is a difficult subject, difficult to
grasp and understand especially on the calculation content. Therefore, it must be improvements in the
instructional model for teaching and learning factors that affecting the increase academic achievement.
When students are learning how to create a scientific argument there are reasonable to integration in
thinking skills with specific knowledge related to social issues. They can develop confidence in making
decisions in their lives and participate as a responsible citizen in the social responsibility and
democratic (Driver, et al., 2000).

However, from the previous researcher study revealed that Thai students from urban school are
scared to claim with friends and scared of express their own opinions in physics classroom. Particularly
the students in urban school, they show few comment and they do not attempt to describe the situation,
discussion or arguments by their own (Pimvichai et.al., 2015). The question proposed in this weblog is
“Do we need scientific argumentation as a concept in learning physics weblog?”” From above advantage
of weblog to support the learning, researcher interesting in create this technology as a scientific
argumentation for enhances argumentative teaching and learning in urban physics classroom under
Thai context.

2. Aims of the research

The study aimed to enhance Thai urban school students’ scientific argumentation through physics
learning weblog.

3. Methodology

This study is concerning with qualitative approach. The authors interpreted students’ argumentation
about physics learning in the weblog. The Toulmin’s diagram of Arguments Pattern (TAP) (Toulmin,
1958) were used to interpret the students’ Physics from six argumentation situations which shown in
the comment wall on the blog.

3.1 Participants
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The participants included 47 Grade 10 students who were studying in an urban big size school
(Kaennakon Wittayalai School) in the first semester of 2014 academic year. The school is the urban big
size school of Khon Kaen province, northeast of Thailand.

3.2 Weblog as the instrument

The weblog [http://jirutthitikan.wordpress.com/], which concern in this study, was created by the
researcher. The objective's blog setting was provided for teaching and learning of argumentation in
physics classroom at the force, work and energy Unit. This blog consist of five main menus; (1)
Introduction of the Unit, (2) Lesson on the Unit, (3) Argumentation situation, (4) Participants, and (5)
Mind Map.

The first introduction unit menu are includes the introduction on the physics area in Thai
science curriculum and the objective of learning in the force, work and energy unit. The second lesson
on the unit menu that include pre-post test and six contents of the force, work and energy unit which
student must learn in class are: : (1) Force and Work (2) Energy, Kinetic Energy, Potential Energy (3)
Law of Energy Conservation, (4) Apply Law of energy Conservation, (5) Power, and (6) Mechanical.
The third argumentation situation menu, that are included six argumentation situations which relevant
with six contents in the previous menu. The fourth participant menu are provide the participant
information in this study and the sixth mind map menu will to show students’ task after they finish
learning the unit.

3.3 Data collection and data analysis

Students’ argumentation will be corrected from students’ reflection on argumentative situation of the
six learning unit and students’ discussion. Students’ scientific argumentation will be interpreted based
on Toulmin's diagram of Arguments Pattern (TAP) (Toulmin, 1958). The TAP consist of six
categories that include: Data, Claim, Warrants, Qualifiers, Rebuttals and Backing that shown in Table
1.

According to Table 1, TAP reflects the students’ explanations of the methodology
argumentation of force, work and energy. Though the elements of a scientific argument (scientific idea,
expectations generated by the idea, and relevant observations) are always related in the same logical
way, in terms of the science process, those elements may be assembled in different orders.

Table 1: Coding scheme from Toulmin's diagram of Arguments Pattern (TAP)

Discourse Move Definition
Data Students can use facts or evidence to prove their argument.
Claim The statement being argued.

Students’ principle comment or an assertion made by students’ brainstorm in groups.
Arguments which are a simple claim versus a counterclaim or a claim versus a claim.
Argument which may have several claims and counterclaims.

Warrants A student has arguments consisting of a claim versus a claim with data, warrants or
backings but do not contain any rebuttals.

The general, hypothetical (and often implicit) logical, statements that serve as bridges
between the claim and the data.

Qualifiers Statements that limit the strength of the argument or statements that propose the
conditions under which the argument is true.
Rebuttals Counter arguments or statements indicating circumstances when the general argument

does not hold true.

Sometime students are subject to argumentation displays and extended argument with
more than one rebuttal or argumentation has arguments with a series of claims or
counterclaims with data, warrants or backings with the occasional weak rebuttal.
Although argumentation shows arguments with a claim, with a clearly identify able
rebuttal.

Backing Statements that serve to support the warrants (i.e., arguments that don't necessarily
prove the main point being argued, but which do prove the warrants are true).
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4. Finding and Discussion

The information searched to identify episodes of scientific argumentation from dialogical argument.
Dialog of the urban students who attend the discussion or debate comments on various issues of
argument on the blog. It was frequent and also diverse missed opportunities for giving the quality of the
feedback to students. The evidence on all aspects of teaching through blog investigated arguments is
relied on the use of scientific argument for discussion that shown in each component of Toulmin's
diagram of Arguments Pattern (TAP) as the following:

4.1 Data (D) Component

Students in the urban schools, in terms of reasoning, it was found that students used the data that they
already had to make a conclusion. Some groups are answer by using the data on the website to support
their conclusion, and also they had fewer counter-arguments with friends than in classroom. In addition,
the data from textbooks and website were used to answer the questions, and student tried to encourage
friends’ discussion by using facts or evidence to prove the argument. In terms of facts and evidence, the
researchers found that students rarely used scientific idea, expectations generated by the idea to facts
and evidence to support their answers on the weblog. Students in the urban schools illustrated their
scientific argumentative in the discussion on the weblog. They raised opinions in the discussion more
than they did in the classroom. In addition, they can use facts or evidence to prove argument. It can be
seen in the following dialogue: dialogue situation one of the force and work content in table two.

4.2 Claim (C) Component

In the claim component, students in the urban schools are showed high interest in answering questions
via the weblog since it encouraged them to express opinions among their friends. Most of them would
search for the information from the internet to help their friend come up with the answer. However,
some of the students followed and agreed on the conclusion made by the wise students. To come up
with a conclusion, students used information from scientific concepts, lessons, reasons, and logic to
support their conclusion, as well as making references to the data source or their own experience
combined with information from the internet. These shows scientific argumentative in the students
since they have knowledge, they are aware of their understanding and able to apply it with the given
situations on the weblog. This can be seen in the dialogue about force and work in Table three.

Table 2: The dialogue from the comment blog wall about the Law of Energy Conservation content.

NO Student Student discussion on weblog (Rural School)

S1 G3 loveyoubaby Trolling a cart on an inclined plane has more work than on a flat plane
because inclined planes require more force.

S2G3  Tal3052538 Trolling a cart on an inclined plane requires more force which means
more work.

S3G3 T Tod Saramat Trolling an object on an inclined plane has more work than on a flat
plane because it requires more force.

S4G3 Lee Yon Hwa Trolling on an inclined plane has more work than on a flat plane
because inclined planes require more force.

S4G3 Lee Yon Hwa Trolling a cart on an inclined plane has more work than on a flat plane
because it requires more force.

S5G3  Sirimon Didjaroen I think moving along an inclined plane has more work because we
have more force than moving along a flat plane... But I don’t know. I
think I agree with Lee Yon Hwa.

S5G3 Sirimon Didjaroen ... I have no idea. Let’s take my friends’ answers.

S6 G3  Nakarin Why not?

S6 G3  Nakarin I am already in the weblog but my picture didn’t display. Well, now
let’s figure out the answer from our class. What would the answer be?
Let’s do it!

S4G3 Lee Yon Hwa Whatever you guys say, I’'m Ok with it.
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Table 3: The dialogue from the blog’s comment wall about the fore and work content

NO Student Student discussion on weblog (Rural School)

S1G3  loveyoubaby Trolling a cart on an inclined plane has more work than on a flat
plane because inclined planes require more force.

S2G3  Tal3052538 Trolling a cart on an inclined plane requires more force, so it
generates more work than flat planes.

S3G3 T Tod Saramat Trolling on an inclined plane has more work than on a flat plane
because of more force.

S4G3  Lee Yon Hwa Trolling on an inclined plane has more work than on a flat plane
because inclined planes require more force.

S4 G3 Lee Yon Hwa Trolling a cart on an inclined plane has more work than on a flat
plane because it requires more force.

S5G3  Sirimon Didjaroen I think moving along an inclined plane has more work because we
have more force than moving along a flat plane... But I don’t
know. I think I agree with Lee Yon Hwa.

S6 G3  Nakarin I agree with everyone ;)

S6 G3  Nakarin You all are very good.

S5G3  Sirimon Didjaroen No comment. I’1l take you guys’ answer.

S6 G3  Nakarin Why not?

S6 G3  Nakarin I am already in the weblog, but my picture doesn’t display. Let’s
find the answer. Let’s think about it.

S4G3 Lee Yon Hwa Whatever you say, I’'m ok with it.

4.3 Warrants (W) Component

In the warrants component, when students are into claim and discussion, students often have evidence
for the claim and used the reliable data to support their comment questions, which are about the topic.

In terms of providing reasons in Physics weblog, it was found that the students in the urban school
showed high interest in answering questions via the weblog since it encouraged them to express
opinions among their friends. Most of them would search for the information from the internet to help
their friend come up with the answer. However, some of the students followed and agreed on the
conclusion made by the wise students. To come up with a conclusion, students used information from
scientific concepts, lessons, reasons, and logic to support their conclusion, as well as making references
to the data source or their own experience combined with information from the internet. This shows
scientific argumentative in the students since they have knowledge, they are aware of their
understanding and able to apply it with the given situations on the weblog. This can be seen in the
following dialogue about fore and work (table four).

Table 4: The dialogue from the blog’s comment wall about the fore and work content

NO Student Student discussion on weblog (Rural School)

S1 G3  loveyoubaby Trolling a cart on an inclined plane has more work than on a flat
plane because inclined planes require more force.

S2G3  Tal3052538 Trolling a cart on an inclined plane requires more force, so it
generates more work than flat planes.

S3G3 T Tod Saramat Trolling on an inclined plane has more work than on a flat plane
because of more force.

S4G3  Lee Yon Hwa Trolling on an inclined plane has more work than on a flat plane
because inclined planes require more force.

S4 G3  Lee Yon Hwa Trolling a cart on an inclined plane has more work than on a flat
plane because it requires more force.

S5G3  Sirimon Didjaroen I think moving along an inclined plane has more work because we

have more force than moving along a flat plane... But I don’t know.
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I think I agree with Lee Yon Hwa.

S6 G3  Nakarin I am already in the weblog, but my picture doesn’t display. Let’s
find the answer. Let’s think about it.
S4G3  Lee Yon Hwa Whatever you say, I’'m ok with it.

4.4 Qualifiers (Q) Component

The results from six argumentative activities indicated that students used qualifiers to propose the
conditions under, which the argument was true in physics classrooms. The blogging is rather than
proposing the limitation of their friend’s arguments. In this dialog of qualifiers component, students’
scientific argument in scientific idea, expectations generated with idea, and relevant observations are
always related in the same logical way. In the terms of the science process are those elements may be
assembled in different orders. Sometimes idea comes first and then scientists looking for the scientific
argument, since they are not aware of qualifiers that help them decide the argumentative answer. The
students’ debate are based on their experience and teachers though they never think of the condition or
limitation while discussion in classroom blogging. However, when students need to use picture to
explain their claim, they also draw it in the book and cannot post it on the weblog. This is the limitation
of argumentation via the weblog.

4.5 Rebuttals (R) Component

In terms of argumentation in the urban schools, it was found that sometimes students made an argument
more than one rebuttal because they had different ideas. Their argument contained a series of claims or
counterclaims with data, warrants, or backings. Students always made a conclusion with supporting
data on physics weblog. Therefore, argumentation shows how they make arguments with a claim and
reasons for making rebuttals. This can be seen from the dialogue about power as shown in the Table
five.

Table 5: The dialogue from the comment blog wall about power content.

NO Student Student discussion on weblog (Rural School)

S1 G4 Yuttapi Chaisomrit I think Y has Kinetic Energy ( Ek)=zero because the speed is zero.

S2 G4 Janita Namsaeng In the question, we have to compare the kinetic energy and
mechanical energy. So, [ think Y has the most kinetic energy because
Y is on the higher position than X and Z.

S1 G4 Yuttapi Chaisomrit  Could I add more to that? When we throw an object vertically with
speed V, the speed of the object will decline and reach 0 on the
highest position. What do you guys think? Any ideas?

S1 G4 Yuttapi Chaisomrit [ think Y has less kinetic energy than Z and more kinetic energy than
X because it’s in the middle of the movement.

S3G  Lakkana Deesoi I disagree because I think X, Y, Z has equal kinetic energy because
there’s no external force involved.

S2 G4 Janita Namsaeng So, which answer should we take?

4.6 Backing (B) Component

In the backing component, students were subjected for argumentation and had arguments with a series
of claims with data, warrants and backings obtained from the references of the theory energy (kinetic
energy and potential energy). Even though references are reliable reason to support the comment of
them, most of the students tend to support ideas from a group of other friends, rather than their own
comments. Sometime they are tend to wait for the hero in the group started to comment and followed,
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although the answer was incorrect. This can be seen from the dialogue about power as shown in the
Table six.

Table 6 The dialogue from the comment blog about power content

NO Student Student discussion on weblog (Urban School)

S1 G4 Mumin Tk Normally in our daily life, it’s easier to climb zigzag planes,
isn’t it?

S2 G4 Apisara Tewintarapakti I think so because it’s less steep. No need to change the gear.
Hahaha

S3 G4 Kantaphit Boonpromma I agree with Ying. If it’s steep, the engine will work harder. It’s
like when walk zigzag up the stairs, we get less tired. So, I
think going up zigzag planes is easier than steep planes.

S4 G4 Satinee Puangkhum Zigzag planes would be easier because it is less steep and has
less resistance, isn’t it?

S3 G4 Kantaphit Boonpromma So, I think Route 1 would be easier because we get less tired.

S2 G4 Apisara Tewintarapakti So, the conclusion is that zigzag planes with less steep are

easier to climb than steep planes.

5. Conclusions and Suggestions

This research study revealed that learned by weblog which provide the scientific content and
argumentative activities could be motivate students to express their own ideas, opinions on situation’s
discussion. It expressed the students’ argumentation and thinking on the situations that demonstrate
on the post wall. The students claim on various issues commonly learning in the class. The students
claim (C) on the Data (D) and warrants (W) component. Other elements comprise of the rebuttals (R)
and backing (B) in which students made was based on their experience and content knowledge from
the blog and their teacher. For the qualifiers (Q), students usually do not claim on each content.
However, students do not show scientific argument in the qualifiers because they never think of the
condition or limitation while discussion in blogging physics classroom.

Interestingly, students prefer to post the comment for discussion, and thing that, know, so
they can, learn through blog. It is the new approach for them. Learning on the blog could encourage
students to higher thinking from argumentation and it could reduce the problem from students who
not dare get ask teacher. They could share the understanding on learning with friends via the
comments box lessons. However, sometime they are aware that their comment maybe wrong, So they
make them more serious and get confident before share some ideas on the blog. In addition, the study
also reveal that students who learned through the lesson on web blog very satisfactory. They were
exciting and fun with learning because lessons’ blog are interesting, easy to use and quickly access
lessons.

These findings suggest that teacher can create the scientific content blog within the
argumentative activities in Physics. It’s enhancing student’s scientific argument in physics Thai
context.
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Abstract: Knowledge of the database management system is quite important. Effectively
organizing, managing and analyzing data are indispensable capabilities in a database
management system. In Taiwan, the low birth rate trend leads to that university students'
learning level becomes low and uneven. And, in traditional classrooms, teachers aren't able to
take high or low prior knowledge students into account at the same time. Self-regulated learning
can let learners set their own goals and learning strategies to achieve learning goals and to
improve their self-efficacy. E-learning can let learners handle their own learning contents, time
and progress, to conform to the personalized learning. Therefore, self-regulated learning and e-
learning can be applied with each other coordinately. There are many researches developing
self-regulated learning system for learners to enhance their learning effectiveness. But with
respect to the non-self-regulated learners, self-regulated learners which have higher autonomy
might spend more time with efforts to adjust the learning goals and strategies. And few studies
investigated the psychological burden of self-regulated learners. Thus, this study inspected
cognitive load between self-regulated learners and non-self-regulated learners. In this study,
there were two classes at a university in central Taiwan, attending a database management
system course and were divided into an experimental group and a control group. The numbers
of effective samples were 34 and 41, respectively. The experimental group used an exercise
system with self-regulated learning strategy. On the other hand, the control group applied non-
self-regulated learning strategy. We had carried on an empirical research to investigate the effect
of two kinds of learning strategies (self-regulated and non-self-regulated) on students' cognitive
load and learning effectiveness during a semester (17 weeks). The result of this study showed
that the self-regulated learning caused students achieving higher learning effectiveness but
having higher cognitive load.

Keywords: Self-regulated learning, cognitive load, learning effectiveness, database
management system, exercise system

1. Introduction

Information technology is indispensable to the country’s development, and everyone requires IT ability.
There are large and diverse messages in life. How to effectively organize, manage and analyze the
received information is important (Zehra et al., 2004). A database management system can effectively
integrate data, logically manage data, and facilitate analysis and use of data (Ahmad, Khan, Abd Alla,
& Beg, 2010). Therefore, the importance of personnel training for the database management system
technology is ineffable. The departments of universities about information mostly regard the database
management system course as a required subject. However, in Taiwan, the low birth rate trend leads to
that university students' learning level becomes low and uneven. Therefore, the education of the
database management system course is into trouble. When teachers teach rapidly, students having the
low learning level aren’t able to adapt. On the other hand, when teachers teach slowly, students having
the high learning level feel bored. Slavin (1990) had pointed out that when a group of students’ learning
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ability was significantly different, the course content should be suitable for the majority of students.
Most teachers could not take high and low learning effectiveness students into account at the same
time. Therefore he recommended that teachers shouldn’t teach students with the same progress and
scoring criteria. This is because that the difficulty of achieving learning goals may affect students'
learning motivation. Bandura (1977) proposed self-efficacy would affect the self-behavior, if the
learning goal was too difficult, students might feel frustrated thus reducing the willingness to learn; if
the goal was too easy, it might lead students lacking of motivation. To solve the above problems, the
present study introduced the self-regulated learning strategy, through autonomy setting goals and
identifying learning strategies to achieve their goals, and students could enhance self-efficacy
(Zimmerman, Bonner, & Kovach, 1996).

The greatest advantage of e-learning is able to provide learners with personalized service. Ruiz,
Mintzer, and Leipzig (2006), and Butz, Hua, and Maguire (2004, Sept.) considered e-learning allowed
learners to know learning content, learning time and order of study courses well, for meeting learners'
personal learning goals. Therefore, e-learning and self-regulated learning strategies can be combined to
use. Huang et al. (2007) proposed students’ self-learning ability was very important. They established
a computer-assisted self-regulated learning model and practically applied to information courses. They
found online self-regulated learning auxiliary mechanisms indeed enhanced students’ self-regulated
learning ability. Yang, Hwang, Yang, SJH, and Hwang (2015) mentioned that the programming was an
important skill for students with the information specialty. They built a system for e-learning courses
on programming, the study found that this kind of learning improved students' willingness to learn, and
effectively improved the ability of students in the program design.

Hwang et al. (2015) developed an exercise system with self-regulated learning strategy for
different cognitive style students in a database management system course. Students used this system
to repeated practice database management system course topics in order to establish the correct concept
and skills of database management. Hwang et al. hoped to enhance the students’ self-efficacy and
learning performance of the database management system course. However, the study only confined
development and the usability evaluation of their system, so there was no analysis of the learning
effectiveness in their study. Most of the students did not understand about the database management
system before the course and have lower prior knowledge. Tuovinen and Sweller (1999) found that low
prior knowledge students’ cognitive load in database program was high. In addition, students’ cognitive
load might be affected by different learning styles. Self-regulated learners may spend more time with
efforts to adjust the learning goals and strategies, with respect to the non-self-regulated learners.
Therefore, this study used the system developed by Hwang et al. (2015) as a research tool to investigate
the correlation of cognitive load and learning effectiveness for students with non-self-regulated learning
and self-regulated learning strategies. In summary, this study wanted to understand whether course
content causing pressure on student mental aspects, and whether the complex operating system causing
on students psychological burden. The results showed that the learning effectiveness of students with
self-regulated learning was better than that of students with non-self-regulated learning. However, the
self-regulated learning strategy increased students’ cognitive load.

2. Literature
2.1 Self-Regulated Learning

Bandura (1977) indicated that learners control their behavior which was called self-regulated. It let
learners have different learning method in the past. Zimmerman et al. (1996) proposed a self-regulatory

LR N1

learning cycle which includes four processes, “self-evaluation and monitoring”, “goal-setting and
strategic planning”, “strategy implementation and monitoring” and “strategic outcome monitoring”.
Zimmerman et al. considered that the self-regulated learning let learners set their own goals and find
out learning strategies or methods to achieve goals. At any time, learners could modify their strategies
or goals via monitoring their learning portfolios.

In the past, many scholars found that learners had nice learning effectiveness via self-regulated
learning strategy in many different learning areas, e.g., the English language area (Chen, Wang, & Chen,

2014; Chen & Huang, 2014), mathematics area (Hackett & Betz, 1989; Malpass, O’Neil, & Hocevar,
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1999; Pajares & Miller, 1994; Parker, Marsh, Ciarrochi, Marshall, & Abduljabbar, 2014), natural
sciences area (Betz & Hackett, 1983; Britner & Pajares, 2006; Chen & Usher, 2013), social area
(Hwang, Kuo & Hsu, 2008) and information area (Hwang et al., 2007; Hwang et al., 2014).

Hwang et al. (2015, May) developed a self-regulated learning exercise system. This system let
learners set their learning goals and strategies: the pass score, days and times. Learners can modify their
goals via querying their learning portfolios. The study applied this system as an experimental tool.
Through the self-regulated learning system, we wanted to know whether the learners could effectively
understand the contents of the course. About the system operation and the difficulty of the course, we
also introduced cognitive load questionnaire to observe learners’ mind.

2.2 Cognitive load

Paas (1992), and Sweller, Merri€nboer and Paas (1998) thought that the cognitive load was a
multifaceted concept. It includes mental load and mental effort. Mental load was psychological burden
of students for difficulty of teaching material degree; mental effort was psychological burden of students
for complexity of operating media. Either students felt learning contents more difficult, or students felt
more difficult system operations, would increase their cognitive load. Tsai, Yang, Hsu, and Chang
(2015, May) explored effects of cognitive load about collaborative learning on programming, for
traditional pair programming and remote pair programming. Their research found that mental load of
remote pair cooperation programming was higher than that of traditional pair cooperation programming.
Tuovinen and Sweller (1999) found that while learning a database software, the low prior knowledge
students with worked-example teaching method had lower cognitive load than those with exploration
teaching method. Chuang, Hwang, Shih, Yang, and Chu (2009, May) used blended mobile learning
method to investigate the cognitive load. The experimental group’s students used Personal Digital
Assistants (PDAs) as learning tools to learn local culture. Because the PDA provided a personal learning
environment, students learned and repeated exercise, according to their own learning progress.
Therefore, these students’ mental effort was lower. On the other hand, the control group’s students
learned from the traditional method. But it had led to some students could not follow the progress. They
had higher psychological burden. In summary, students’ cognitive load might be affected by using the
information technology in learning process, or using the different teaching methods.

This study used the exercise system with self-regulated learning strategy in a database
management system course. The content of database management systems courses might cause students
higher mental load. And, the operation complexity of the self-regulated learning exercise system might
cause students higher mental effort. Therefore, we wanted to understand students’ cognitive load via
using a cognitive load questionnaire.

Our research questions sort out as follows:

1. Isthe learning effectiveness of students with the self-regulated learning strategy different from that
with the non-self-regulated learning strategy?

2. Is the cognitive load of students with the self-regulated learning strategy different from that with
the non-self-regulated learning strategy?

3. Methodology

In this study, there were 112 students from two classes at a university in central Taiwan. These students
attended a database management system course and were divided into an experimental group and a
control group. The experimental group used an exercise system with self-regulated learning strategy.
The numbers of all samples and effective samples were 49 and 34, respectively. On the other hand, the
control group applied non-self-regulated learning strategy. The numbers of all samples and effective
samples were 63 and 41, respectively. Students in the experimental group could perform one exercise
by several tests, and could set their learning goals and strategies for each exercise. Learning goals of
each exercise included the passing score (60, 70, 80, 90 points) and the time period limit (20, 30, 40
minutes). Learning strategies of each exercise included the required days and times for finishing an
exercise. Students in a control group could not set their learning goals and strategies. The learning goals
and strategies of a control group were fixed. Learning goals of each exercise included that the passing
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score is 75 points and the time period limit was 30 minutes. Learning strategies of a control group
included that the required days to finishing one exercise were most 7 days (a week after the teacher
completing the teaching), and one exercise could be performed most five tests.

The teaching experiment was carried out 17 weeks on a semester. The system was introduced
and the pre-test was conducted for students in the first week of the semester. The content of pre-test
was involved with basic computer concept. Students made use of this system during the second week
to the sixteenth week. The first post-test and second post-test were conducted in the ninth week
(midterm) and the seventeenth week (final examination). Students filled in the questionnaire designed
by Sweller et al. (1998) with 7-point scale (Likert, 1932). The experimental flowchart is shown on
Figure 1.

Experimental group Control group

|

Pre-test First week

| A

| }

Second week

Use the self-regulated Use the non-self-regulated to
1 t 1 tr .
leammg‘ strategy leam1ng| strategy eighth week
| r
L
First post-test Ninth week
'

| A
! !

Tenth week

Use the self-regulated Use the non-self-regulated o
learning strate learning strate :
g‘ gy g| gy sixteenth week
' ,
L
Second post-test and questionnaire Seventeenth week
r

Figure 1. The flowchart of the experiment.

4. Experimental results and analysis

This study applied the questionnaire designed by Sweller et al. (1998) to understand cognitive load
about students using this exercise system. The questionnaire was filled by students. The results were
analyzed through independent samples t-test, as shown on Table 1. About mental load, the means of the
experimental group and the control group were 3.64 and 2.59, respectively. The results achieved
significant differences (p < 0.001). About mental effort, the means of the experimental group and the
control group were 3.41 and 2.44, respectively. The results also achieved significant differences (p <
0.01). Students in Taiwan got used to getting learning goals and strategies from the teachers, therefore
they easily felt confused about setting learning goals and strategies by themselves. In this study, students
in the experimental group could set their learning goals and strategies, and these might lead to the higher
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mental load. The reason of higher mental effort may be that the operating of system for the experimental
group is more complicated than the control group.

The learning effectiveness of the experiments is shown on Figure 2. In pre-test, the mean score
of the experimental group was lower than that of the control group. After using the system, the mean
scores of the two post-tests of the experimental group were both higher than those of the control group.

Table 1: t-test results of cognitive load.

Dimension Group N Mean S.D. t
Experimental group 34  3.64 1.11

Mental load 4.45%%*
Control group 41 259 0.93
Experimental group 34 3.4l 1.09

Mental effort 3.60%**
Control group 41 2.44 1.24

w50 < 0.001;%*p < 0.01
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Figure 2. Line chart of the average score about three tests for two groups.

This study used descriptive statistics to analyze pre-test and two post-tests. The results revealed
that these three tests were homogeneous (first post-test p = 0.452, second post-test p=0.147, p > 0.05).
Therefore, we further utilized ANCOVA (ANalysis of COV Ariance) to excluding the influences of pre-
test and post-tests. The results of ANCOVA about the first post-test (F = 10.78, p = 0.002 < 0.01)
achieved significant differences. The adjusted means of the experimental group and the control group
achieved significant differences. And the midterm’s adjusted mean score (67.45) of the experimental
group was better than that (55.44) of the control group. The results of ANCOVA analysis about the
second post-test (F = 18.28, p = 0.000 < 0.001) also achieved significant differences. The adjusted
means of the experimental group and the control group still achieved significant differences. And the
final examination adjusted mean score (55.83) of the experimental group was higher than that (38.22)
of the control group. For the adjusted mean score difference between the experimental group and the

41



control group, the final examination (67.45 - 55.44 = 12.01) was bigger than that (55.83 - 38.22=17.61)
of the midterm. The results are shown on Table 2 and Table 3. That is, through the self-regulated
learning strategy, the learning effectiveness is effectively enhanced.

Table 2: First post-test results of ANCOVA.

Group N Mean S.D. Adjusted Mean Std. Error. F value
Experimental group 34 66.53 1635 67.45 2.68 10.78**
Control group 41 56.20 15.57 55.44 2.44

**p <0.01

Table 3: Second post-test results of ANCOVA.

Group N Mean S.D. Adjusted Mean Std. Error. F value
Experimental group 34 54.69 18.47 55.83 3.02 18.28***
Control group 41 39.16 17.73 38.22 2.74

*Hkp < 0,001

5. Conclusion and Future work

This study compared the self-regulated learning strategy and non-self-regulated learning strategy in an
exercise system to discuss influences of cognitive load and learning effectiveness, via students’ pre-
test, two post-tests and cognitive load questionnaire. Research results showed cognitive load of the
experimental group is higher than that of the control group. This is because that the operating of self-
regulated learning system is more complicated. The outcome is the same with research from Tsai, Yang,
Hsu, and Chang (2015, May). Therefore, complex operations influence student’s cognitive load.

Students using self-regulated learning strategy can make learning effectiveness better than
using non-self-regulated learning strategy. The result is the same with research from Chen, Wang, and
Chen, (2014), Chen and Huang, (2014), Hackett and Betz, (1989), Malpass, O'Neil, and Hocevar,
(1999), Pajares and Miller, (1994), Parker, Marsh, Ciarrochi, Marshall, and Abduljabbar, (2014), Betz
and Hackett, (1983), Britner and Pajares, (2006), Chen and Usher, (2013), Hwang, Kuo, and Hsu,
(2008), Hwang et al. (2007). Results of the study demonstrate using self-regulated learning strategy can
enhance students’ learning effectiveness.

In summary, student using self-regulated learning strategy can promote learning effectiveness.
However, complex operations for adjusting the learning goals and strategies increase students’
cognitive load. In the future, this study will combine a goal recommendation function to help students
reducing their cognitive load. Besides, the relation between self-regulated learning strategy and human
factors will be discussed.
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Abstract: Many scholars indicated that augmented reality (AR) can effectively enhance
learners’ learning motivation and effectiveness. In addition, many researches showed that
human factors will affect learning, such as prior knowledge, cognitive style and even gender.
So, a customized AR English learning system was developed in this study. Also, we made a
usability assessment analysis for this system. According to the results of the analysis, there are
some significant differences between gender, education background and department when
using the customized AR English learning system.

Keywords: Human factors, user usability, customized, augmented reality, English learning
system

1. Introduction

Taiwan is an EFL (English as Foreign Language) English learning environment. In Taiwan, a formal
exposure to English is until entering elementary schools (Lu, 2012). In the traditional teaching
environments, students learned English through explaining the rigid text of the textbooks by teachers.
The English learning then can be conducted. But it is passive learning (Savignon, 1988). Looi et al.
(2010) have used a context-aware ubiquitous learning system to record the situation of learners. It
allowed teachers to rapidly understand students' learning process and individual differences and to
develop a better teaching method. By this, students can get the needed information in appropriate timing
(Chen, Lien, & Lu, 2009). According to the "Spatial Contiguity Principle™ and "Temporal Contiguity
Principle” of 12 multimedia design principles proposed by Mayer (2009), the learning effectiveness of
learners will be increased if the corresponding and associated information is able to be immediately
generated beside the objects at the time of scanning real objects.

The augmented reality (AR) is a kind of technology that can combine the virtual information
and the real image (Azuma, 1997). The technology allows that the learning process can more meet the
above principles proposed by Mayer (2009). In addition, Chen and Macredie (2010) have proposed that
human factors will affect learning, such as prior knowledge, cognitive style and even gender. So, this
study has developed a customized English learning system based on AR technology, and then made a
usability assessment analysis with it. According to the results of the analysis, we have found out there
are some significant differences among different kinds of human factors. Based on these findings, we
can design these types of AR learning systems for the different kinds of users in the future and let the
system more matching the characteristics of each person.

2. Literature Review

2.1 The problems of English learning

In the past, second/foreign language learning relied upon teachers' lecturing to explain the learning
materials of textbooks (Savignon, 1988). In other words, because the teaching time is limited,
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traditional teaching is considered unable to enhance learning motivation and interest (Brown, Collins,
& Duguid, 1989). Looi et al. (2010) have indicated that learning will be able to be conducted at any time
and any place when technologies of context-aware and ubiquitous learning are imported. Thus, teachers
can guide students to learn actively and attract their attention, and learners' ability of observation of the
real world and the ability to actually solve problems can be enhanced (Chen, Lien, & Lu, 2009).

Among the technologies of context-awareness, RFID and QR code technologies have the
disadvantages of information discontinuous problems. In this study, we use AR technology to
implement an English learning system, and make a usability assessment with it. It is hoped that the
learning motivation and learning effectiveness of learners can be enhanced. Thus, according to the
results of the analysis, we will improve the AR English learning system.

2.2 The influence of human factors in learning

Chen and Macredie (2010) have proposed that human factors will affect learning, such as prior
knowledge, cognitive style and even gender which may cause different effects. The main focus of
personalized learning is to understand learners' individual factors, such as their extent and learning
experience. Then, according to the learners' individual differences, the learning system can adjust the
learning materials (Cho, Kim, & Kim, 2003). According to the previous studies, we added personalized
content into the AR English learning system; it can allow users adjust the learning environment
according to their preferences. In this study, we want to explore whether there are significantly
differences in system usability assessment and using attitudes between different kinds of human factors,
such as gender, knowledge background, using experience, etc.

2.3 Customized AR English learning system

A customized AR English learning system was proposed and designed by Hwang, Chen and Huang
(2014). For customized design, the system adds the functions of related words and 3 learning scopes,
i.e., phrases, sentences and related words. In addition, an easy mode and an advanced mode are
provided. User can also choose the boy’s or girl’s pronunciation in the settings menu with their
preference at any time.

When learners successfully scan an object, the screen will show the main teaching material and
the related material. After the learners click the object that want to learn, the corresponding function
buttons will appear at the top of screen. If learners click the function button, the system will read out the
materials, and the Chinese meaning will be explained in Chinese voice. In addition, all users' behavior
operation process will be recorded in a portfolio database by the behavior-code. The screenshots of the
customized AR English learning system is as shown in Figure 1.

Figure 1. The screenshots of Customized AR English learning system.
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2.4 Nielsen usability assessment

When a system is developed, it must be tested and evaluated by users. Then, developers can improve the
system according to users' needs. Virvou and Katsionis (2008) indicated that system usability will affect
the learners' performance and their perception. Greenberg, Fitzpatrick, Gutwin, and Kaplan (2000)
pointed out that heuristic evaluation is the most rapid, cheap, and effective way to identify usability
problems. In this study, Nielsen’s heuristic approach is selected because it is the most commonly used
and can be effectively applied by both novices and experts (Nielsen, 1994a; Nielsen & Mack, 1994).
Nielsen (1994b) assessment proposed 10 heuristics, such as interface design, system flexibility and
efficiency, the system interactivity, etc. The details of the revised set of 10 heuristics (H) are as shown
in Table 1. So, in this study, we hope to analyze users' opinion through the Nielsen assessment
guestionnaire and improve the customized AR English learning system in the future.

Table 1: Nielsen's 10 heuristics (Nielsen, 1994b).

Heuristics Explanations

HI: Visibility of system status The system should always keep user informed about what is going on by providing
appropriate feedback within reasonable time

H2: Match between system and the real The system should speak the user’s language, with words, phrases and concepts familiar to

world the user, rather than system-oriented terms. Follow real-world conventions, making
information appear in a natural and logical order

H3: User control and freedom Users should be free to develop their own strategies, select and sequence tasks, and undo
and redo activities that they have done, rather than having the system do these for them

H4: Consistency and standards Users should not have to wonder whether different words, situations, or actions mean the
same thing and the system should follow platform conventions

HS5: Error prevention Even better than good error messages is a careful design, which prevents a problem from
occurring in the first place

H6: Recognition rather than recall Make objects, actions, and options visible. The users should not have to remember

information from one part of the dialogue to another. Instructions for use of the system
should be visible or easily retrievable whenever appropriate

H7: Flexibility and efficiency of use Allow users to tailor frequent actions. Provide alternative means of access and operation
for users who differ from the “‘average” user (e.g., physical or cognitive ability, culture,
language, etc.)

H&: Aesthetic and minimalist design Dialogues should not contain information that is irrelevant or rarely needed. Every extra
unit of information in a dialogue competes with the relevant units of information and
diminishes their relative visibility

H9: Help users recognise, diagnose and Error messages should precisely indicate the problem and constructively suggest a
recover from errors solution. They should be expressed in plain language
H10: Help and documentation Even though it is better if the system can be used without documentation, it may be

necessary to provide help and documentation. Any such information should be easy to
search, focused on the user’s task, list concrete steps to be carried out, and not be too large

3. Methodology

3.1 Research design

First of all, we collected relevant literatures. Then, we confirmed the specifications of the system and
started to develop the system. When the system was developed successfully, we invited about 70
students including college students and Masters of the information college to do a trial of the system,
and let them fill out the Nielsen's assessment questionnaire. After the questionnaires being collected, the
statistical software of SPSS 19 was used to analyze and explore the possible effect of different kinds of
human factors on user usability of this system. Finally, in this paper, we will propose the amendments
of system according to the analysis results and improve the customized AR English system in the future.
The flow chart of our research process is as shown in Figure 2.
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Collect relevant literatures

Confirm the specifications of system

System development

Invite users to do a trial of the system

Users fill out the Nielsen assessment questionnaire

Questionnaire analysis

Explore the effect of human factors on user usability of system

Propose the amendments of system

Figure 2. The research process.
3.2 Questionnaire design

In this study, the statistical software of SPSS 19 is used. And then the questionnaire is designed with
Nielsen's 10 heuristics and 5-point Likert scale (Likert, 1932) where 1 is strongly disagree, 2 is disagree,
3 is neither agree nor disagree, 4 is agree, and 5 is strongly agree. There are total 60 questions in the
guestionnaire, which include 5 positive questions and one reverse question for each Heuristic (H).

After collecting questionnaires, in order to confirm the reliability of the questionnaire, we
conducted a questionnaire reliability analysis first. As shown in Table 2, the result shows that the
Cronbach's Alpha values of all heuristics (H) are all higher than 0.8. It means the reliability of this
guestionnaire is good enough to do the following analysis. Then, to explore whether there are
significantly differences between different kinds of human factors or not, the t-test and the analysis of
variance (one-way ANOVA) are used.

Table 2: The reliability of the questionnaire for each heuristic (H).

Heuristics (H) Cronbach's Alpha Value
H1 0.85
H2 0.80
H3 0.84
H4 0.81
H5 0.92
H6 0.83
H7 0.89
H8 0.93
H9 0.88

H10 0.92
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3.3 Population and sample

The valid participants of the experiment are 65 information college students from a university in central
Taiwan, including 35 students in department of Information Networking and System Administration
(INSA), 16 students in Information Management (IM) and 14 students in Information Technology (IT).
Among 65 students, there are 51 male users and 14 female users. In addition, there are 46 college
students and 19 master students. The reason why we chose these students is trying to find out whether
there exists significantly difference in usability and using attitudes among INSA, IM and IT
departments in this customized AR English learning system.

3.4 Data collection procedures

The process of the experiment is listed as shown in Figure 3. At first, all participants have to watch the
system operating instruction video. Afterwards, the participants login the customized AR English
learning system with their accounts and passwords to use the system, as shown in Figure 4. The

participants have to fill out Nielsen's Heuristic evaluation questionnaires. Finally, for each heuristic, we
interview with particular users with low mean points after the questionnaire being analyzed.

Playing system operating instruction video (10 minutes)

Using the Customized AR English learning system (20 minutes)

Fill out Nielsen's Heuristic evaluation questionnaire (10 minutes)

Interview with particular users
after questionnaire being analyzed (10 minutes for each user)

Figure 3. The process of the experiment.
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4. Data analysis and Results
4.1 The 10 heuristics (H) differences between genders

First of all, in order to verify the differences of the usability evaluation between genders, t-test is used.
According to the analysis, it is found that the recognition mean values of male users had significantly
higher than those of female users on H2 and H9; with t=2.41 (p = 0.019 < 0.05) and t = 2.23 (p = 0.029
< 0.05), and medium effect sizes d = 0.67 and d = 0.62, respectively. The recognition mean values of H2
and H9 in male users (4.60 and 4.51) was higher while those of the genders in female users (4.26 and
4.18) were relatively lower, as shown in Table 3.

Table 3: The t-test results for genders.

Gender N Mean S.D. t d
H1 male 51 4.61 0.44 1.58
female 14 4.38 0.58
H male 51 4.60 0.43 2.41* 0.67
female 14 4.26 0.56
H3 male 51 453 0.46 1.58
female 14 4.30 0.61
H4 male 51 4.36 0.53 1.67
female 14 4.10 0.51
H5 male 51 4,71 0.44 1.56
female 14 4.42 0.65
H6 male 51 4.45 0.48 0.92
female 14 431 0.60
L7 male 51 4.48 0.47 0.89
female 14 431 0.66
Hs male 51 4.25 0.59 0.43
female 14 4.16 0.92
Ho male 51 451 0.46 2.23* 0.62
female 14 4.18 0.60
H10 male 51 454 0.51 1.87
female 14 4.23 0.71
*p<.05

4.2 The 10 heuristics (H) differences between educational backgrounds

Then, in order to verify the differences of the usability evaluation between different educational
backgrounds, t-test is used. According to the result of analysis, it is found that the recognition mean
values of college students had significantly lower than those of Masters on H1, H3 and H5; with t =
-2.91 (p=0.005<0.05),t=-2.80 (p =0.007 < 0.05) and t =-2.27 (p = 0.027 < 0.05) , and medium effect
sizesd =-0.73,d =-0.66 and d = -0.56, respectively. The recognition mean values of H1, H3 and H5 of
educational backgrounds in Masters (4.78, 4.69 and 4.83) were higher while those of educational
backgrounds in college students (4.47, 4.40 and 4.58) were relatively lower, as shown in Table 4.

Table 4: The t-test results for different educational backgrounds.

Educational background N Mean S.D. t d
H1 college student 46 4.47 0.51 -2.91** -0.73
Master 19 4.78 0.32
H2 college student 46 4.48 0.52 -1.50

Master 19 4.64 0.33
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college student 46 4.40 0.55 -2.80** -0.66

H3 Master 19 4.69 0.29

H4 college student 46 4.26 0.56 -1.21
Master 19 4.43 0.44

H5 college student 46 4.58 0.54 -2.27* -0.56
Master 19 4.83 0.32

H6 college student 46 4.43 0.53 0.14
Master 19 441 0.46

H7 college student 46 4.40 0.54 -1.13
Master 19 4.56 0.44

H8 college student 46 4.31 0.68 1.49
Master 19 4.04 0.61

Ho9 college student 46 4.40 0.54 -1.25
Master 19 4.57 0.42

H10 college student 46 441 0.61 -1.71
Master 19 4.64 0.44

*p<.05; **p <.01
4.3 The effect of 10 heuristics (H) among different departments

Next, in order to verify the differences of the usability evaluation among 3 departments (INSA, IM and
IT) in the information college, analysis of variance (one- way ANOVA) is used as shown in Table 5.
The results showed that the recognition mean values of H8 (aesthetic and minimalist design) among 3
different departments has significantly difference in multiple comparisons (LSD) (p=0.41 < 0.05, F =
3.36). The recognition mean value of H8 of departments in INSA is 4.31, while that of departments in
IM is 3.88 and that of departments in IT is 4.29. It means that, for H8, the level of acceptance of students
of INSA is higher than that of IM. And the level of acceptance of students of IT is higher than that of
IM. But there is no significantly difference between INSA and IT.

Table 5: The results of ANOVA for different departments on H8.

Multiple comparisons

Department N Mean S.D. F (LSD)

(@ INSA 35 4.31 0.67 (a>h)

H8 (b) M 16 3.88 0.70 3.36* (c>h)
(c) IT 14 4.29 0.53
Total 65 4.23 0.67

*p<.05

Finally, the results showed that H1 (visibility of system status), H3 (user control and freedom)
and H10 (help and documentation) have significantly differences among 3 different departments in
Post-Hoc test (Games-Howell), as shown in Table 6. The recognition mean (S.D., standard deviation)
values of departments in INSA on H1, H3 and H10 were 4.48 (0.46), 4.36 (0.51) and 4.45 (0.52), while
those of departments in IM were 4.48 (0.59), 451 (0.58) and 4.26 (0.74), and while those of
departments in IT were 4.85 (0.23), 4.75 (0.24) and 4.80 (0.31). It means that, for H1 and H3, the level
of acceptance of the students of IT is higher than that of INSA. For H10, the level of acceptance of the
students of IT is higher than those of INSA and IM. But there are no significantly differences between
INSA and IM.

Table 6: The results of ANOVA for different departments on H1, H3 and H10.

Post Hoc
(Games-Howell)

HI (3 INSA 35 4.48 0.46 3.63* (c>a)

Department N Mean S.D. F
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(b) 1M 16 4.48 0.59

() IT 14 4.85 0.23
Total 65 4.56 0.48
(@ INSA 35 4.36 0.51 (c>a)
H3 (b) IM 16 451 0.58 3.28*
() IT 14 4.75 0.24
Total 65 4.48 0.50
(@ INSA 35 4.45 0.52 (c>a)
H10 (b) IM 16 4.26 0.74 3.71* (c>b)
() IT 14 4.80 0.31
Total 65 4.48 0.57

*p<.05

5. Discussions

Firstly, we found that the recognition mean value of male users (4.60) is higher than that of female users
(4.26) on H2. It means that male users feel the system is more in line with real-life logic than female
users. In addition, the recognition mean value of male users (4.51) is also higher than that of female
users (4.18) on H9. After interviewing with 2 male and 2 female users, the 2 female users pointed out
that system operating instructions button can add some captions to make the explanation clearer. The 2
male users thought that the buttons and menu contents shown in the system can be used in common
sense easily. This result is coincided with theory proposed by Misu (2001), i.e., the male users often
have more positive attitude than female users when using computer technology for learning and female
users need more detailed documentation when using the computer technology. So, we can added more
detailed explanations in this kind of customized AR English learning system for the female users in
future to enhance the usability and satisfaction of the system.

Secondly, we found that the recognition mean values of college students and Master users were
4.47 and 4.78 on H1, while those of them on H3 were 4.40 and 4.69, and while those of them on H5
were 4.58 and 4.83. For all these three mean values of heuristics, Masters have higher values than
college students. After interviewing with 8 college students and 8 Master users, for H1 (visibility of
system status), all college students thought that it is difficult to recognize the “real learning object” and
“virtual related learning object” when learning with this system. Conversely, the Master users thought it
can easily recognize which “object” they were learning with the Chinese text materials. For H3 (user
control and freedom), the respondents of college students said that they had no particular views on the
choice of pronunciation style, but whether the pronunciation can be heard clearly or not is most
important when learning with this system. However, the respondents of Master users thought that since
the functions of this system are developed mainly for 5-6 grade elementary school students, this kind of
design can make these students focus on system operating more intently due to the personalization
setting functions. For H5 (error prevention), the respondents of college students suggested that the
system can provide more text prompts on the inputted screen of the accounts and passwords before
login the system. But, the Master users thought that the documentation for instructions has provided
detailed explanation in the “system explanations interface”. From the above, the Master users have
deeper observation and analysis than college students. The reason may be that the system development
experiences and logical reasoning ability of the Master users in the information college are stronger
than college students. This result is coincided with theories proposed by Chen and Macredie (2010) and
Virvou and Katsionis (2008), i.e., the prior knowledge will affect the views of the system usability to
this system.

Thirdly, we found that the recognition mean value of departments in 1M (3.88) is lower than in
INSA (4.31) and IT (4.23) on H8 (aesthetic and minimalist design). There were 3 respondents for each
department. According to the results of interviews, all respondents of IM thought that the system's
graphic design are not perfect and can be more refined. However, the respondents of INSA and IT
thought that it is interesting of learning with AR technology while graphic design is secondary
consideration. The reason for this situation may be the students of IM take art-related courses more than
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those of INSA and IT. In addition, the students of IM were enrolled to school in commercial category
more than those of INSA and IT.

Finally, we also found that the recognition mean values of H1, H3 and H10 on departments of
IT were 4.85, 4.75 and 4.80 which were higher than those in departments of INSA and IM. The reason
for this situation may be the students in the departments of IT take more programing courses than the
students on the department of INSA and IM. Overall, most of users thought that the usability of this
customized AR English learning is very well and interesting.

6. Conclusions & Future Works

This study has developed a customized augmented reality English learning system and completed a
usability assessment of it. According to the results of the analysis, we found that some human factors
(gender, educational background and departments) will certainly cause significant difference when
using this type of AR learning system, and we will improve the current system from the results.

In the near future, we will invite 2 teachers in an elementary school in central Taiwan to provide
100 English vocabularies suitable for grade 5 students and to conduct experimental teaching. The
experimental subjects are 100 students of 4 classes, and the time for experiment is about total 8 weeks
for 2 hours per week. All the operation process will be recorded in database so that further personalized
preference analysis can be conducted in the future.
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Abstract: In this study, we proposed a game-based anti-drug system to assist people to
understand the danger of drug abuse. In addition, we also examined how people’s drug
experience affected their reactions to the game-based anti-drug system. Thirty people, aged
from 23 to 39, participated in this study and was classified into two groups, i.e., addictive people
(N=14) and non-addictive people (N=16). Log files and a perception questionnaire were
employed to collect and analyze participants’ learning behaviors and learning perceptions,
respectively. The results revealed that drug experience might affect people’s reactions to the
game-based anti-drug system. More specifically, the addictive people more focused on
anti-drug materials while the non-addictive people emphasized on digital games, regardless of
learning behaviors or learning perceptions.

Keywords: Drug experience, game-based learning, anti-drug materials

1. Introduction

In recent years, the spread of drugs endangers the life and health of the public. For example, the World
Health Organization (2012) reported that there were 183,000 drug-related deaths around the world in
2012. Additionally, the sharing of injecting equipment among drug users made them particularly
vulnerable to HIV (UNODC, 2014). Therefore, approaches, such as media broadcast news (e.g.,
Wakefield, Loken, & Hornik, 2010) and digital education programs (e.g., Longshore, Ghost-Dastidar,
& Elickson, 2006), have been generally adopted to disseminate anti-drug materials and help people
understand the harm caused by drug abuse. However, these two approached have some limitations.

For example, Wakefield, Loken and Hornik (2010) found that people’ attitudes towards or
behaviors related to drugs were not positively changed by watching a national antidrug media
campaign. On the other hand, Thangrattana, Pathumcharoenwattana and Ninlamot (2014) found that
youth preferred anti-drug materials delivered by interactive activities, such as games, instead of being
delivered by formal education programs. Therefore, there is a need to find another approach to deliver
anti-drug materials effectively and enhance people’s understandings of the dangerous side effects of
drugs.

Among various approaches, game-based learning seems a potential approach to address the
above issue. This is due to the fact that digital games are engaging and adaptable to many subjects
(Feldman, Monteserin, & Amandi, 2014). For instance, Meluso, Zheng, Spires, and Lester (2012)
incorporated science context into an RPG online computer game and examined the relationships
between science learning context and learners’ learning performance and self-efficacy. The results
indicated that learners’ performance and self-efficacy in science were greatly improved after they
played the game. In addition, Padrds, Romero, and Usart (2012) employed the MetaVals game to help
post-graduate students learn finance concepts. Their results suggested that this game improved their
finance concepts and there was an increase in common finance knowledge convergence. The
aforementioned findings indicated that game-based learning could help learners gain knowledge from
learning materials via game context. Due to such benefits, this study develops a game-based anti-drug
system (GADS), where digital game-based learning is incorporated into anti-drug materials. In other
words, the GADS provides two elements, i.e., anti-drug materials and digital games.

On the other hand, game-based learning contains rich and complex media elements, such as
visual and audio elements, which may increase learners’ cognitive load due to the processing of these
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elements (Nelson & Erlandson, 2008). Accordingly, it is also necessary to consider the risk of
overloading a learner’s working memory in game-based learning. In particular, not all of learners have
such a capacity to cope with cognitive overload. For example, addictive people’s neurocognitive
functions may have been seriously damaged, including decision making and working memory.
Regarding decision making, Brand, Roth-Bauer, Driessen, and Markowitsch (2008) examined how
people with opiate dependence and health people performed differently while they played with a
gambling game (i.e., the Game of Dice Task). Their results revealed that those with opiate dependence
demonstrated abnormalities in decision-making and they chose the risky alternatives more frequently
than the healthy subjects. Regarding working memory, Fernandez-Serrano, Pérez-Garcia, Rio-Valle,
and Verdejo-Garcia (2010) analyzed the differential contribution of alcohol versus cocaine, heroin and
cannabis use on the performance of working memory. The results indicated that substance-dependent
individuals had significantly poorer performance of working memory than healthy control individuals.

To address aforementioned issues, the target learners of the GADS not only include people
without drug addiction (or drug abuse) but also those with drug addiction. Therefore, diversities may
exist between these two kinds of leaners, in terms of capabilities or experience. To this end, the aims of
this study are two-folded. One is to develop a GADS while the other is to examine the effects of drug
experience on learners’ reactions to the GADS. More specifically, two research questions are examined
in this study:

How does drug experience influence learners’ learning behaviors when they interact with the GADS?

How does drug experience influence learners’ learning perceptions when they interact with the GADS?

2. Methodology Design

To correspond to the aforementioned research questions, an empirical study was conducted to evaluate
the effects of the game-based anti-drug system. The details are described in this section, including the
implementation of the game-based anti-drug system, participants, questionnaire, experimental
procedure, and data analysis.

2.1 The Implementation of Game-based Anti-Drug System

In order to deliver anti-drug materials through a game-based learning context, this research developed a
game-based anti-drug system (GADS), where a drug dictionary was employed to present drug
information. Unlike traditional anti-drug systems, the GADS allowed learners to customize four game
elements, i.e., drug information, story mode, music/sound, and game hints so that the GADS could
accommodate the needs of diverse learners.

®  Drug Information: The information presented in the drug dictionary (Figure 1) consisted of three
categories: drug pictures, side effects, and other information. As advised by Hsu and Chen (2010),
adaptive ordering was adopted to allow users to modify the sequence of drug information based on
their own preferences. Thus when users click one of the categories on the right side, the relevant
drug information will be presented on the left side.

® Story Mode: As suggested by Wouters, Van Oostendorp, Boonekamp and Van der Spek (2011),
the storytelling of games could increase learners’ curiosity in game-based learning. Thus, users
with the GADS could either choose a text-mode instruction or a story-mode instruction (Figure 2)
to understand the scenarios, the goals, and the rules of the games.

®  Music/Sound: As shown by Nacke, Grimshaw and Lindley (2010), music and sounds could help
players engage in a game. Accordingly, six kinds of music were offered for the option of
background music, including classic, blue, dancing, pop, metal, and horror, based on users’
preferences. On the other hand, sounds will be used as alerts while users make errors.
Furthermore, users could also turn on/off background music and sounds or modify their settings
during the gaming process (Figure 3).
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® Game Hints: The GADS includes three game tasks, i.e., farm management, drug dictionary and
sheep curing. As indicated by Marchiori, Del Blanco, Torrente, Martinez-Ortiz, and
Fernandez-Manjon (2011), game hints could facilitate players to complete tasks so game hints
were applied to provide additional support to help players accomplish these game tasks (Figure 4).

In summary, the design rationale of the GADS was learning by doing. While playing with the
GADS, users’ drug knowledge could be enhanced by completing the game tasks. By doing so, the
GADS could help them realize the harm caused by drug abuse.
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2.2 Participants

Thirty people, aged from 23 to 39, participated in this study. All of them have completed at least the
high school education and have the basic computing and Internet skills to use the GADS. They were
divided into two groups: addictive learners (N=14) and non-addictive learners (N=16). The former were
recruited from the members of a nonprofit detoxification organization while the latter were selected
from university students in Taiwan.

2.3 Questionnaire
To investigate how drug experience influenced learners’ responses to the GADS in this study, we

developed a questionnaire, which majorly included two parts to collect learners’ preferences. The first
part contained 30 questions with five-point Likert scale, ranged from 1 “strongly disagree” to 5
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“strongly agree”. Thus, learners were required to indicate the level of agreement or disagreement with
each statement that most closely reflected their opinions.

Furthermore, these questions were concerned with three topics, i.e., (1) the presentation of
content and materials, such as “I like to see that the rules of the game are presented in a text-based
way.”, (2) the operation and elements of the system, such as “Music can help me be more immersed in
the game.”, and (3) the integration between materials and the game, such as “I have enough time to read
the drug dictionary during the gaming process”. In other words, the design rationale of these topics was
based on the key elements of the GADS, i.e., anti-drug materials and digital games, to capture learners’
perceptions to the presentations of anti-drug materials and the operations and elements of digital games.

The second part consisted of six open questions, which focused on identifying their experience
about using the GADS. Therefore, learners were required to describe the problems they came across
during the gaming process and their perceptions to the anti-drug materials and game elements offered
by the GADS. The reliability of the questionnaire was found to be acceptable (a=0.78).

2.4 Experimental Procedure

To achieve the aims of this study, the procedure of this study consisted of two stages. Initially, all
participants were introduced about the GADS and instructed how to use tools provided by the GADS.
Subsequently, all participants were required to complete the game tasks by interacting with the GADS,
and their playing behaviors were recorded in log files. After completing the game tasks, they needed to
fill in the questionnaire to express their perceptions.

2.5 Data Analyses

The independent variable of this study was students’ drug experience whereas the dependent variables
were their learning behaviors and learning perceptions. Learning behaviors were extracted from
learners’ log files, such as the frequencies of using game hints, the frequencies of modifying music
categories, and the frequencies of using the drug dictionary. Learning perceptions were determined by
their responses to the closed and opened questions presented in the questionnaire. In other words, the
results of this study consisted of both quantitative measurement and qualitative evaluation. The former
was collected from the closed questions and analyzed with an Independent T-test, which is suitable to
test “the difference between the means of two independent groups” (Howell, 2007), to identify
differences between addictive learners and non-addictive learners. The level of significance was set at p
<.05 for all comparisons.

The latter was collected from the opened questions of the questionnaire, and the responses of
each group (i.e., addictive learners and non-addictive learners) were coded under the following
categories: (1) the presentation of content and materials, (2) the operation and functions of the system,
and, (3) the integration between the materials and games. Such qualitative evaluation can be applied to
explain the results obtained from the quantitative measurement so that this study can obtain
comprehensive information to clearly differentiate the needs and preferences of addictive and
no-addictive learners.

3. Results and Discussion

To answer the research questions presented in Section 1, both learning behaviors (Section 3.1) and
learning perceptions (Section 3.2) were analyzed in this study. Regarding the former, the effects of
learning behaviors were extracted from the log files. Regarding the latter, students’ learning perceptions
were examined with quantitative measurement and qualitative evaluation, which were conducted with
the closed and opened questions of the questionnaire, respectively.
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3.1 Effects on Learning Behaviors

Learners’ learning behaviors were described by the log files of the GADS. According to the log files,
significant differences were found between addictive learners and non-addictive learners (Table 1 and
Table 2). More specifically, addictive learners made more clicks to complete game quests related to
anti-drug materials, such as selecting antidotes to heal addictive sheep, while non-addictive learners
made more clicks to complete game quests associated with digital games, such as planting fruits and
shaving sheep. In brief, these findings implied that the addictive learners focused on the anti-drug
materials while the non-addictive learners emphasized on digital games.

Table 1: Game quest related to anti-drug materials.

Variables Drug Experience M SD t p
The frequencies of healing the addictive learners 226.57 85.19 2.665 .013*
addictive sheep non-addictive learners  161.81 44.07

The frequencies of attempting to addictive learners 33.64 11.53 2.576  .016*
select the antidotes non-addictive learners  24.31 8.22

* p<.05

Table 2: Game quest related to digital games.

Variables Drug Experience M SD t p
The frequencies of planting fruits addictive learners 366.07 228.57 -3.214 .003*
in the garden non-addictive learners  697.75 321.20

The frequencies of shaving the addictive learners 29.14  20.624 -3.258 .004*
sheep non-addictive learners  49.13  10.77

* p<.05

3.2 Effects on Learning Perceptions
3.2.1 Quantitative Measurement

An independent T-test was conducted to examine whether addictive learners and non-addictive learners
made different responses to the closed questions of the questionnaire. It was interesting to see that
significant differences between addictive learners and non-addictive learners were found in the aspects
of anti-drug materials and digital games. Regarding anti-drug materials, significant differences existed
in Q12 and Q16 (Table 3), which were applied to examine learners’ responses to the content and
presentation of anti-drug materials provided by the GADS.

As shown in Table 3, the addictive learners would more prefer to read all the information
provided by the GADS even though some of the information might not be helpful for them to heal
addictive sheep, as suggested by the results of Q16 (I would read all the side effects of the drug
dictionary even some of them could not be applied to heal the sheep which is addicted). Conversely, the
non-addictive learners majorly focused on game activities which might not be related to anti-drug
materials. More specifically, the non-addictive learners would relatively ignore the drug information
which was not associated with the game quests during the gaming process, as implied by the results of
Q12 (1 would not read the drug information which would not be applied to complete the game quests
even | have enough time).

Furthermore, the non-addictive learners would only favor to read the information of side effects
that could be used to play the quests, e.g., to heal addictive sheep. Such responses from the
non-addictive learners echoed their learning behaviors presented in Section 3.1, which indicated that
the non-addictive learners paid more attention to playing digital games. Regarding digital games, a
significant difference was found between the addictive learners and non-additive learners in their
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responses to Q27 (Completing the game tasks is the most important thing during the game process).
More specifically, the non-additive learners would more strongly consider that completing the game
tasks was the most important thing when interacting with the GADS, compared with the addictive
learners (Table 3). Once again, this findings suggested that playing the digital games was what the
non-addictive learners were very concerned.

Table 3: Learning perceptions of addictive and non-addictive learners.

Variables Drug Experience M SD t p

Q12 addictive learners 3.29 0.99 -2.303 .029*
non-addictive learners 4.06 0.85

Ql6 addictive learners 3.21 1.00 -2.621 .014*
non-addictive learners 2.13 1.26

Q27 addictive learners 2.43 1.22 -3.093 .004*
non-addictive learners 3.81 1.22

* p<.05

In brief, the addictive learners and non-addictive learners focused on different elements of the
GADS. The addictive learners showed major interests in the anti-drug materials of the GADS so they
would like to read all the anti-drug materials while completing the game quests. On the other hand, the
non-addictive learners majorly concentrated on the digital games of the GADS and the information
related to the game guests. Such a difference might be because the addictive learners and non-addictive
learners had different past experience. More specifically, the addictive learners ever took drugs so the
anti-drug materials provided by the GADS were linked to their past experience. However, the
non-addictive leaners so far did not touch drugs so the anti-drug materials were not associated with the
experience of the non-addictive leaners.

3.2.2 Qualitative Evaluation

Based on the responses from the opened questions, qualitative evaluation was conducted to illuminate
the aforementioned phenomena identified in the quantitative data, which revealed that the addictive
learners focused on the anti-drug materials while the non-addictive learners concentered on digital
games. On the other hand, the qualitative results indicated that (1) the addictive learners would spend
effort to remember the information displayed in the drug dictionary during the gaming process, (2) they
perceived that the GADS could help them learn more about drugs, and (3) they did not pay attention to
the game elements that were irrelevant to the anti-drug materials, as shown in Table 4.

Conversely, the game tasks were the focus of the non-addictive learners and their immersion
and anxiety could be affected by the outcomes of digital games, as shown in Table 5. Such qualitative
findings were not only consistent with those from the quantitative measurement presented in Section
3.2.1, but also might explain why the addictive learners and non-addictive leaners were interested in
different aspects of the GADS.

Table 4: The perceptions of addictive learners.

Qualitative information
Addictive @  Anti-drug Materials
Learner 1. Itry hard to remember the information of the drug dictionay during the gaming
process .
2. The game help me learn more information about drugs.
3. I do not pay much attention to the game elements because these elements are
not related to the drug imformation.
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Table 5: The perceptions of non-addictive learners.

Qualitative information
Non-addictive =~ ®  Digital Games
Learner 1. I focus on completing the game tasks so I do not read the drug
dictionary carefully.
2. Ifeel nervous if sheep eat drugs and become ill so I do not read the drug
dictionary carefully.
3. I am immersed in taking care of sheep so I did not pay too much
attention to drug information.

3.3 Discussion

As shown in the previous sections, drug experience has impacts on learners’ learning behaviors and
learning perceptions when they interacted with the GADS. More specifically, the addictive learners
favored to read the whole information of anti-drug materials even though some information was
irrelevant to the game quests of the GADS while the non-addictive learners were more concerned about
the digital games of the GADS so they paid less attention to the anti-drug materials that were not helpful
to complete the game quests of the GADS. In other words, learners might have different characteristics,
which might influence how they used the GADS.

Therefore, there is a need to provide personalization so the design of game-based anti-drug
systems could support the needs of diverse learners. More specifically, the drug dictionary should be
personalized. The addictive learners could complete the game quests (e.g., the healing of addictive
sheep) with partial drug information while the non-addictive learners should use complete drug
information presented in the drug dictionary to play the game quests. By doing so, the addictive learners
could perceive the entertainment provided by the GADS whereas the non-addictive learners could use
the GADS to improve their understandings of drug information.

4. Conclusion

We proposed a game-based anti-drug system (i.e., the GADS) to assist people to understand the side
effects of drugs and investigated how people reacted to the GADS. In addition, people’ drug experience
was also considered in this investigation. Accordingly, two research questions were examined in this
study. Regarding the first research question, i.e., how does drug experience influence learners’ learning
behaviors when they interact with the GADS, the results suggested that the addictive learners more
concentrated on anti-drug materials whereas the non-addictive learners put more emphasis on digital
games.

Regarding the second research question, i.e., how does drug experience influence learners’
perceptions when they interact with the GADS, likewise, the results revealed that the addictive learners
were more interested in the anti-drug materials while the non-addictive more focused on digital games,
regardless of quantitative measurement or qualitative evaluation. These aforementioned results
provided interesting findings on how drug experience affected learners’ reactions to a game-based
anti-drug system and such findings could be employed in the design of personalized game-based
anti-drug systems that can accommodate people with different characteristics, skills and background.
However, this study is conducted with a small-scaled sample so a large-scaled sample should be
undertaken in future work to provide more evidence.
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Abstract: Peer assessment is useful for the improvement of English writing. However,
individual differences exist between students and might affect how they assess peers’ works.
Hence, individual differences need to be considered in peer assessment. Among various
individual differences, cognitive styles have essential impacts on student learning. Thus, this
research investigated assessment differences between teachers and students in the context of
peer response from a cognitive style perspective. The results suggest that there were no
assessment differences in the first draft but assessment differences did exist in the revised drafts.
This might be because students might feel difficult to identify improvement due to their
insufficient experience. On the other hand, Holists usually paid more attention to the content at
a superficial level while Serialists had difficulties in the connection between topics and the
content. In brief, the findings from this study demonstrated that each student took a unique way
to do assessment. Furthermore, such findings can guide instructors to deliver effective peer
assessment in the future.

Keywords: Peer assessment, peer response, cognitive styles, assessment differences

1. Introduction

In the past decade, peer assessment is considered as an effective strategy to improve student learning
(Dochy, Segers and Sluijsmans, 1999; Ballantyne, Hughes and Mylonas, 2002). In particular, it is
useful for the improvement of English writing (Rollinson, 2005, Hyland and Hyland, 2006). Due to
such advantages, researchers attempted to incorporate peer assessment into technology-based learning
(Shih, 2011; Woo, Chu and Li, 2013; Wichadee, 2013; Chwo, 2015) in recent years and they found that
such online peer assessment had positive effects on English writing. For example, Shih (2011)
investigated the effect of incorporating peer assessment and Facebook on English writing and the
results indicated that the peer assessment continuously enabled students to self-examine, review,
observe, and make comments on each other’s work. Furthermore, they also gained more detailed
knowledge from other works. By doing so, students’ abilities could be improved, in terms of
organization, grammar and structure, content, vocabulary, and spelling. Similar results were found in
Woo, Chu and Li (2013), who used the Wiki to support collaborative writing in a Chinese primary
school in Hong Kong and the results indicated that the more comments posted, the more revisions made.
Additionally, the more revisions made, the better the quality of students’ writing. Likewise, Wichadee
(2013) also found that the students paid more attention to their written works when they realized that
such work would be reviewed or read by their peers. Consequently, students’ writing performance was
significantly improved.

However, some studies indicated that peer assessment had negative effects (Nicolaidou, 2013;
Hoogeveen and Gelderen, 2013; Wang, 2014; Ruegg, 2015). For instance, Hoogeveen and
Gelderen(2013) argued that students with limited mastery of writing so it is difficult for them to pay
attention to revising the works and to giving constructive comments simultaneously. Additionally, they
might emphasize on rule-based comments (e.g. subject/verb agreement and pronoun agreement), and
ignored non-rule based suggestions (e.g. inappropriate word choices and awkward sentence structure)
due to limited English proficiency. Hence, the authors might not be able to perceive usefulness of peer
feedback (Wang, 2014). Furthermore, the peers’ feedback was not always correct and sometimes it was
repetitive in the sense that more than one person identified the same mistake (Nicolaidou, 2013). For
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instance, Ruegg(2015) found that the surface-level grammar feedbacks given by peers were highly
inaccurate and were ineffective in improving grammatical accuracy even though the students gave more
surface-level grammar feedbacks than the teachers.

On the other hand, individual differences exist between students so they have distinctive strengths
and weaknesses, which might affect how they assessed the peers’ works. Among various individual
differences, cognitive styles have essential impacts on student learning (Chen and Liu, 2011). In
particular, Pask (1979) Holism/Serialism is considered as an influential cognitive style in student
learning (Chen and Chang, 2014; Huang, Hwang and Chen, 2014). In general, learners with a holistic
style prefer tened to take a global learning approach while those with a serialistic style prefer to use a
local learning approach. Additionally, Jonassen and Grabowski (2012) claimed the Holists prefer to a
“whole-to-part” approach to process information whereas the Serialists prefer to take a “part-to-whole”
sequence to process information. Due to such differences, recent studies attempted to put effort to
investigate how Holists and Serialists reacted differently to technology-based learning. For instance,
Chan, Hsieh and Chen (2014) investigated how Holists and Serialists used electronic journals via
mobile devices, and found that Holists favored to use the Basic Search that can obtain an overall picture
while Serialists preferred to use Boolean operators to obtain specific details via the Expert Search. In
brief, great differences exist between Holists and Serialists. Nevertheless, paucity of research examined
their differences in the context of peer assessment. Thus, this study attempts to address this issue. To
this end, the aims of are two-folded. One is to examine assessment differences between students and
teachers while the other is investigate how Holists and Serialists assess peers’ works differently. By
doing so, this study can not only identify differences between students and teachers in the context of
peer assessment but also fill the gap where cognitive style was ignored in peer assessment by past
research.

2. Methodology
2.1 The Peer Assessment of Writing System

The design features of the Peer Assessment of Writing System (PAWS) included Convenience,
Flexibility and Helpfulness. The details are described in subsections below.

(A) Convenience: The PAWS was implemented on the Internet Information Services (IIS). Thus, both
authors and assessors can access the PAWS via the browsers with convenience. By doing so, the
authors can write academic papers conveniently and the assessors can easily give comments as
well. Moreover, the PAWS provided favorable functionalities for authors and assessors. More
specifically, the authors could not only re-examine the suggestions obtained from students and
teachers but also reviewed their previous drafts anytime when they did the revision. On the other
hand, the assessors can re-check their previous comments to do the assessment correctly.

(B) Flexibility: The PAWS provided two approaches to deliver comments, such as Comments with the
tags and Comments within the content. Regarding the former, assessors could tag the mistakes or
flaws based on three aspects, i.e., Logic, Grammar and Vocabulary. Regarding the latter, they
could also compose the comments or revise the errors within the content of articles. By doing so,
the students could not only follow the criteria of three aspects (Logic, Grammar and Vocabulary)
to give precise comments, but also they could give additional comments within the content. Thus,
the assessors could deliver comments based on their own preferences and the authors could
receive various advices, with which they can do comprehensive revision.

(C) Assistance: In order to facilitate Learning by Doing, the PAWS provide various resources to help

students to evaluate the academic papers, including Writing Guidance, English Grammar and
Marking scheme.
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e Writing Guidance: to help reviewers to identify the quality of the drafts, including Writing skill
(i.e., to describe what a high-quality paper is), Contents presentation (i.e., to describe how to
structure a paper) and Logical relationships (i.e., to describe how to make a logical link
between each sentence and between each paragraph). .

e English Grammar: to help students to improve their understandings of English grammar, such
as preposition, basic English grammar, the rules of speech, ambiguous vocabularies, as well
as the use of relative pronouns and relative adverb.

e Marking scheme: to provide marking criteria so that the students can know how to assess each
work.

In brief, all of the above resources can not only be applied to help students give precise comments,
but also to be employed to improve their writing abilities.

2.2 Study Preferences Questionnaire(SPQ)

To compare the assessment of Holists and Serialists, this study used the Chinese version of the Study
Preferences Questionnaire (SPQ) to identify students’ cognitive styles. This is due to the fact that the
SPQ has been used in several studies (Clewley, Chen and Liu, 2010; Mampadi et al., 2011) in past
research. The original version of the SPQ was produced by Ford (1985), who created 17 item-inventory
and each inventory comprise two statements. The students were asked indicate their degree of
agreement with either statement. If half of their statements are related to Holists, they are identified as
Holists. Conversely, if half of their statements are related to Holists, they are identified as Serialists.

2.3 Marking Sheet

The marking sheet was divided into two parts: (1) Personal information (2) Marking scheme. The first
part contains students’ registration numbers and names. The second part was adopted from the IELTS,
which is a worldwide mechanism to assess the English language proficiency and is widely applied in
various schools or universities in English-speaking countries. In particular, the [ELTS was applied in
the EAP (English for academic purposes), which is a professional organization in English training
(Green, 2005, Morton, Storch and Thompson, 2015). Hence, the IELTS criteria were applied in the
second part of the marking sheet, including Task achievement, Coherence and cohesion, Lexical
resource and Grammatical range and accuracy. Task achievement is about whether the writers fully
address all parts of the academic papers. Coherence and cohesion are concerned whether the authors can
make clear links between sentences and paragraphs skillfully. Lexical resource is to appraise whether
the authors use a wide range of vocabulary and seldom make minor errors. Finally, the Grammatical
range and accuracy is to evaluate whether the writers uses a wide extent of grammar structures with
flexibility and accuracy. Each of the aforementioned aspects is out of 25 marks so the full mark is 100.

2.4 Experiment Procedures

A total of 16 individuals participated in this study. These participants were students at the northern
university in Taiwan, and they had basic computing and Internet skills to use the PAWS. At the initial
stage of the experiment, the SPQ was applied to identify their cognitive styles. The results of the SPQ
indicated that there were eight Holists and eight Serialists. In order to help the participants know how to
act as assessors, they were provided a series of three-hour training courses at the second stage. The
training courses lasted for ten weeks, each of which was three hours long, including English grammar,
English paper reading, and the assessment of English academic works. In the end of the training
courses, the participants were instructed how to use the PAWS to do assessments. After completing the
training courses, the participants started to do the assessment at the third stage. The assessment included
four activities, the details of which are described in Table 1.

To enhance the reliability of the results from this study, the assessment activities described in
Table 1 took place twice. Accordingly, the students and teachers need to assess eight papers, including
four first drafts and four revised drafts. Thus, the assessment differences between the students and those
from the teachers were discovered via these four first drafts and four revised drafts.
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Table 1. Four activities at the third stage

The authors needed to compose the first draft, which
introduced their own research topics.

Both of the students and teachers gave comments via
2 To assess the first draft | the PAWS and filled out the marking sheet for the two
first drafts that the teachers randomly chose.

Authors had to revise the first drafts according to the
comments from the students and the teachers.

Both of the students and teachers gave comments via
4 | To assess the revised draft | the PAWS and filled out the marking sheet for the two
revised drafts.

1 To write the first draft

3 To do the revision

2.5 Data Analysis

To examine the reliability and validity of peer assessment, the assessment differences between teachers
and students were examined. Data analyses included two parts: (1) quantitative measurement, and (2)
qualitative evaluation. The first part, which was collected from scores of the students and the teachers
that were assigned for the four first drafts and four revised drafts, was administered with the
Independent T-test so that the significant difference between scores from the students and those from
the teachers could be identified. This is due to the fact that the Independent T-test was suitable to
compare the means of two Independent samples (Stephen and Hornby, 1997). The second part was
collected from comments collected via the PAWS and such comments were categorized into Task
achievement, Coherence and cohesion, Lexical resource as well as Grammatical range and accuracy.
By doing so, such comments can be applied to support the results of quantitative measurement so that
the comprehensive information could be obtained to clarify the assessment differences between the
students and teachers.

3. Results and Discussion

This section describes the results of this study, which are divided into two parts: (1) Overall Scores and
(2) Detailed Scores (Task achievement, Coherence and cohesion, Lexical resource, Grammatical range
and accuracy). Each part includes differences between all students’ scores and teachers’ scores,
between Holists’ scores and teachers’ scores, as well as between Serialists’ scores and teachers’ scores.

3.1 Overall Score

Table 2 and Table 3 display scores differences in the first draft and those in the revised draft,
respectively. Both of them covered the scores given by the students and those obtained from the
teachers. No significant difference was found between the scores from the teachers in the first draft
while there was a significant difference in the revised draft. This might be due to the fact that the author
lacked sufficient understandings of how to write academic papers so both students and teachers gave
low scores for their first draft. However, authors’ understandings could be enhanced after they received
the peers and the teachers’ feedbacks, which could help them make improvement in their revised works.
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Table 2: The independent t-test of first draft of overall score.

Capacity | Mean | SD | t Sig.
Students vs. Teachers
Students 67.596 10.513
Teachers 69.469 9.790 -0.477 0.635
Holists vs. Teachers
Holists 66.258 11.289
Teachers 69.469 9.790 -0.733 0.469
Serialists vs. Teachers
Serialists 68.933 9.681
Teachers 69.469 9.790 -0.139 0.890
Table 3: The independent t-test of revised draft of overall score.
Capacity | Mean | SD | t Sig.
Students vs. Teachers
Students 69.796 10.527 N
Teachers 78.594 6.233 -2:301 0.025
Holists vs. Teachers
Holists 69.208 11.271 %
Teachers 78.594 6.233 -2.250 0.031
Serialists vs. Teachers

Serialists 70.383 9.885 «
Teachers 78.594 6.233 -2.222 0.033

On the other hand, teachers and students had different levels of experience in reviewing authors’
revised works. Teacher had a high level of experience whereas students had a low level of experience.
Accordingly, it was easy for teachers to identify the improvement that authors made but students might
feel difficult to identify such improvement. This might be the reason why a significant difference was
found in their revised works. More specifically, the score of the revised draft from the Serialists was
higher than those from the Holists. This might be due to the fact that Serialists were used to focusing on
procedural details so that they paid more attention on the micro level of academic papers. Conversely,
Holists emphasized the macro level. Hence, Serialists could more easily identify the improvements that
the authors made in the revised works than Holists did. This is reason why the Serialists gave higher
scores than Holists.

3.2 Detailed Scores
3.2.1 Teachers vs. Students

Table 4 and Table 5 display the difference between scores from teachers and those from the students in
each part of the marking scheme, including Task achievement, Coherence and cohesion, Lexical
resource and Grammatical range and accuracy. The results appeared similar to those of the overall
scores presented in Section 3.1, where the significant difference between the students and the teachers
did not exist in the first draft while the significant difference were found in the revised work. As
mentioned above, the authors lacked adequate experience of writing academic papers so that both
students and teachers gave low scores for their first drafts. In most of the parts, the scores from the
students were lower than those from the teachers in the first draft. However, an exception was found in
the part of grammatical range and accuracy, where the scores from the students were higher than those
from the teachers. , This might be owing to the fact that teachers possessed a higher level understanding
of English grammar so that they could identify most of grammar errors while students could not
discover certain grammar errors due to poor understandings of English grammar.
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Table 4: The independent t-test of first draft of detailed score by students and teachers.

Aspects | Capacity | Mean | SD | t | Sig.
Students vs. Teachers

Students 17.368 3.300

Task Achievement -1.724 0.089
Teachers 19.436 2.060
Coherence Students 16.520 | 3.745

and -0.053 0.958
Cohesion Teachers 16.594 3.105
Students 16.846 2.252

Lexical Resource -0.430 0.647

Teachers 17.219 2.707

Grammatical Range |  Students 16.862 | 2.582
and 0.640 0.524
Accuracy Teachers 16.219 3.331

Table 5: The independent t-test of revised draft of detailed score by students and teachers.

Aspects | Capacity | Mean | SD | t | Sig.
Students vs. Teachers
Students 17.983 3.126

Task Achievement -2.545 0.013*
Teachers 20.875 1.885
Coherence Students 17.358 | 3312

and -1.800 0.076
Cohesion Teachers 19.531 2.140
Students 17.333 2.534

Lexical Resource -2.205 0.031*

Teachers 19.375 1.711

Grammatical Range Students 17.120 2.758
and -1.677 0.098
Accuracy Teachers 18.812 1.898

Regarding the revised draft, significant differences were found in the Task achievement and the
Lexical resource parts. Regarding the Task achievement part, the scores from students were lower than
those from the teachers. On the other hand, the results from qualitative data indicated that the students
gave very few comments related to the Task achievement. In particular, the number of comments for the
Task achievement was lower than that of the Coherence and cohesion though these two parts are
concerned with the logic relationships of academic papers. These findings suggested that students could
not do what teachers did because they could not precisely identify the connection between the topic and
the content presented in the revised works. In brief, the students seemed to struggle for giving scores in
the part of the Task achievement so a significant difference existed between the scores from teachers
and those from students.

Regarding Lexical resource, the scores from students were also lower than those from the
teachers. The authors modified the first draft according to comments from the students and the teachers
so plentiful vocabularies were displayed in the revised draft. On the other hand, teachers, who were
familiar with diverse vocabularies, could precisely evaluate academic papers. However, students were
short of competence to identify such vocabularies so that they had an obstacle to assign the scores. Thus,
they could not uncover the improvement that the authors made, which resulted in a significant
difference between the scores from teachers and those from students.
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3.2.2 Holists vs. Serialists

Table 6 and Table 7 display the difference of scores between Holists and teachers and between Serialists
and teachers in the first draft and the revised draft, in terms of Task achievement, Coherence and
cohesion, Lexical resource and Grammatical range and accuracy. The results was also similar to those
presented in Section 3.1, where significant differences between Holists and teachers and between
Serialists and teachers did not exist in the first draft, but significant differences were found in the
revised draft. Although there was no significant difference in the first draft, there was an interesting
finding. More specifically, the scores from Holists and Serialists were lower than those teachers but two
exceptions were found. One was the Serialists gave higher scores than the teachers in the part of
Coherence and cohesion while the other was the Serialists assigned higher scores than the teachers in
the part of Grammatical range and accuracy. Regarding the former, Serialists tended to take an
depth-first approach where the assessment of Coherence and cohesion emphasized on an breadth-first
framework. Thus, they were not good at the evaluation of Coherence and cohesion. This is reason why
the Serialists gave higher scores than the teachers. Regarding the latter, Serialists usually used a local
approach to learning so they may merely focused on the grammar error in a single sentence, instead of
the grammatical correctness in the whole draft. Conversely, teachers were able to consider both
conditions so that they could identify almost all grammar errors. Thus, the teachers would give lower
scores than the Serialists.

Table 6: The independent t-test of first draft of detailed score by Holists, Serialists and teachers.

Aspects | Capacity | Mean | SD | t | Sig.
Holists vs. Teachers

Holists 17.318 3.372

Task Achievement -1.687 0.100
Teachers 19.436 2.060
Coherence Holists 16.175 | 3.636

and -0.297 0.768
Cohesion Teachers 16.594 3.105
Holists 16.717 2.532

Lexical Resource -0.491 0.626
Teachers 17.219 2.707
Grammatical Range Holists 16.050 | 2.802

and -0.146 0.885
Accuracy Teachers 16.219 3.331

Serialists vs. Teachers
Serialists 17.417 3.283

Task Achievement -1.647 0.108
Teachers 19.436 2.060
Coherence Serialists 16.867 | 3.881

and 0.183 0.108
Cohesion Teachers 16.594 3.105
Serialists 16.975 1.967

Lexical Resource -0.287 0.775

Teachers 17.219 2.707

Grammatical Range |  Serialists | 17.675 | 2.086
and 1.176 0271
Accuracy Teachers 16.219 3.331
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Table 7: The independent t-test of revised draft of detailed score by Holists, Serialists and teachers.

Aspects | Capacity | Mean | SD | t | Sig.
Holists vs. Teachers
Holists 17.867 3.011
Task Achievement -2.674 0.011*
Teachers 20.875 1.885
Coherence Holists 17.125 | 3.340
and -1.924 0.062
Cohesion Teachers 19.531 2.140
Holists 17.425 2.751
Lexical Resource -1.898 0.066
Teachers 19.375 1.711
Grammatical Range Holists 16.792 3.015
and -1.793 0.081
Accuracy Teachers 18.812 1.898

Serialists vs. Teachers
Serialists 18.100 3.284

Task Achievement -2.277 0.029*
Teachers 20.875 1.885
Coherence Serialists 17.125 | 3.340

and -1.924 0.062
Cohesion Teachers 19.531 2.140
Serialists 17.242 2.342

Lexical Resource -2.401 0.022%*

Teachers 19.375 1.711

Grammatical Range Serialists 17.450 | 2.482
and -1.439 0.159
Accuracy Teachers 18.812 1.898

Regarding the revised draft, the significant differenced were found in Task achievement and
Lexical resource parts. Regarding Task achievement part, both scores from the Holists and the Serialists
were higher than those from the teacher. As mentioned above, Serialists usually focused on a local
aspect. However, the assessment of Task achievement needs to be conducted with a global approach.
Furthermore, the results from qualitative data revealed that the Serialists did not give any comments of
Task achievement in an academic work. These findings suggest that Serialists might meet difficulties in
the assessment of Task achievement so they also could not identify the improvement that authors made,
which resulted in the scores from Serialists were lower than those from teachers.

After examining the comments from Holists, we found that they usually paid more attention to
the content at a superficial level so the comments are not deep enough in the revised draft. These
findings revealed that the Holists could not identify in-depth improvement that authors made. This may
be the reason why the scores from the Holists were lower than those from the teachers. In addition, the
diversity existed between the score from the Holists and those from the Serialists, where the Holists
gave lower scores than the Serialists. This might be due to the fact that the assessment of the Task
achievement, which emphasized on whether the content of the academic papers was relevant to the
topic, needed to have an overall picture of the subject content. Thus, Holists, who utilize global
approach to learning, are more suitable to evaluate the part of Task achievement than Serialists
presumably. Therefore, Holists were able to identify the mistakes in the part of Task achievement so
they assigned the lower scores than the Serialists.

Regarding Lexical resource, only one significant difference was found between the Serialists
and the teachers. More specifically, the scores from the Serialists were lower than those from the
teachers. According to results obtained from the qualitative data, Serialists seemed to misunderstand the
definition of Lexical resource, which emphasized on the use of vocabularies. However, they considered
all vocabulary changes as lexical resources. For example, tense and singular and plural nouns should be
regarded as grammatical errors, instead of lexical resources. Hence, they found more errors in the part
of Lexical resource so that the scores from them were significantly lower than those from the teachers.
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4. Conclusions

This research aims to investigate assessment differences between teachers and students in the context of
peer response from a cognitive style perspective. Among various cognitive style dimensions, we
focused on Holism/Serialism. Our results indicated that there were no assessment differences in the first
draft but assessment differences did exist in the revised drafts. This might be due to the fact that the
students did not have sufficient experience so they were not able to identify the improvement that
authors made in the revised drafts.

Regarding the revised draft, assessment differences were found in the Task achievement and
the Lexical resource parts. Regarding the Task achievement, the students could not precisely identify
the connection between the topic and the content presented in the revised works. Furthermore, Holists
and Serialists met different difficulties in this aspect because of their different characteristics.
Regarding Lexical resource part, the students were short of competence to identify vocabularies used in
peers’ works. Thus, they could not uncover the improvement that the authors made and could not assign
the scores precisely. Moreover, Serialists seemed to misunderstand the definition of Lexical resource so
they considered all vocabulary changes as Lexical resources. Accordingly, they found more errors in
the Lexical resource and their scores were significantly lower than the teachers’.

Such results might help instructors understand students’ difficulties in peer assessment.
Subsequently, instructors can know how to provide students additional support based on their cognitive
styles. However, this research has several limitations. Firstly, the sample is small so further works need
to use a bigger sample to verify the findings presented in this research. Additionally, only one cognitive
style was identified so future works should consider other cognitive styles to obtain more
comprehensive results.
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Abstract: Primary school students’ relative preference, perceived effects for promoting
learning, and perceived difficulty regarding online student-constructed tests (SCT) and
student-generated questions (SGQ) learning activities were examined. Three fifth-grade
classes (N=82) participated as part of their science learning activities for eleven weeks. An
online system was adopted to support the associated learning activities. Five important
findings were obtained. First, the majority of the participants did not associate SGQ or SCT
with the feeling of difficult or very difficult, after being exposed to both tasks for an extended
period of time. Second, a substantial proportion of students regarded SGQ and SCT as at the
optimal challenging level. Third, X? tests indicated that participants’ preferences toward SGQ
and SCT were not statistically significant (X? =0.7), but were significant in perceived effects
for promoting learning and perceived difficulty, with more participants selecting SGQ over
SCT. Fourth, SGQ’s facilitating effects for better promoting learning were well perceived
despite that predominate percentage of the participants regarded SGQ as more difficult than
SCT. Fifth, SCT’s potential for knowledge integration and elaboration was rarely recognized
by the participants. Implications for instruction are offered.

Keywords: online learning activities, perceived difficulty, perceived effects for promoting
learning, revealed preference, student-constructed test, student-generated questions

1. Introduction

In contrast to traditional assessment approaches where learners are predominately assessed by
teachers using paper-and-pencil achievement tests, in response to contemporary education paradigms,
student-generated questions approach (hereafter called SGQ) has attracted the attention of an
increasing number of researchers and practitioners since the past decade. Under the umbrella of
multiple assessment, SGQ prides itself on providing students with opportunities to reflect back on
what they view as relevant and important in the study material and generate question items around the
identified areas for self- and peer-assessment. With its focus on learners and assessment for learning,
and strong theoretical bases (e.g., information-processing theory, constructivism, and metacognition),
empirical studies for its effects on various aspects (e.g., academic performance, attitude toward the
learned subject, learning motivation, use of cognitive and metacognitive strategy) have generally been
positive (Yu, 2012).

In view of its prevalent learning effects, in an attempt to further promote its fluidity,
flexibility, and effectiveness, different arrangements and designs of SGQ have been proposed, for
instance SGQ with online prompts in the form of key terms (Yu and Pan, 2014), SGQ under a
cooperative learning situation (Yu, Wu and Hung, 2014), and SGQ with access to online database
with peer-generated questions (Yu and Yang, 2014). Along this line of thought, some researchers
experimented the ideas of having students construct tests around the study material (i.e.,
student-constructed tests, called SCT), and promising results for its support for learning and
assessment have been obtained. For instance, Yu (2013) examined undergraduates’ perceptions
toward SCT and traditional teacher-constructed tests. Results from this preliminary study showed that
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the distribution of preferences for and perceptions of these two approaches were statistically
significant (X?=48.11, X?=22.11). Specifically, more than three-quarters of the participants selected
SCT as the preferred approach for learning assessment, and more than 60% of the participants felt
SCT as having better learning effects. Further constant comparative analysis of students’ responses to
a questionnaire regarding their experience to SGQ relative to SCT and content analysis of all items
contained in the SCT all pointed to SCT’s pedagogical potential for knowledge integration and
elaboration (Yu and Su, 2013a, b). In another study, Yu and Wu (2015) examined the comparative
effects of SCT and SGQ and empirically attested SCT’ superiority for the promotion of knowledge
construction in term of the breadth, depth, and interconnectivity of knowledge.

While recognizing SCT’s distinct potential and effects for learning, the aforementioned
studies involved undergraduate students. In view of the fact that the cognitive development and
processing capability of students at different age levels are different, and that the range of tasks to be
attended to during SGQ and SCT are vary (i.e., relevancy, importance, correctness of wording and
punctuation, and clarity of meaning and logic of each question generated as the focus of SGQ while
complete and appropriate coverage of main ideas, and appropriate item sequencing as the focus of
SCT, on top of those associated with SGQ), SCT’s applicability to younger age groups warrant further
investigation. Hence, this study involved primary students, and their revealed preference, perceived
effects for promoting learning, and perceived difficulties with regard to online SCT as compared to
online SGQ were examined.

2. Methods

Three fifth-grade classes (N=82) participated in this study in the school’s science lab. Two units were
covered during the study: properties of an aqueous solution (e.g., PH, conductivity), and forces and
motion. Three 40-minute instructional sessions were allocated for science each week. The learning
activities (SGQ and SCT) were introduced to support students’ science learning. Considering their
predominate presence in primary school settings and students’ familiarity with their forms, two
guestion types were selected for the activity: yes/no and multiple-choice.

A four-session training session was arranged in two weeks to equip the participants with the
needed knowledge and skills associated with SGQ and SCT. Topics introduced include: locating the
main ideas of the study material and generating questions around the identified target in conformance
with a set of criteria; generating yes/no questions in the adopted SGQ system with reference to the set
criteria; generating multiple-choice questions in the adopted SGQ system with reference to the set
criteria; constructing a test based on generated questions in the adopted SCT system with reference to
the set criteria.

For the actual study, as a routine on a weekly basis, students were directed to individually
generate five yes/no and multiple-choice question items according to the learned science material
covered in the current week in the adopted online SGQ space at the last 20 minute of the instructional
time. Basically, students first located areas they deemed important and relevant. Then, they generated
guestions around the identified areas. Finally, they keyed in their generated questions in the SGQ
system using their I-pad mini, which is consisted of three fields—question (for multiple-choice
guestions, question is constituted of a question stem and four options), answer key, and annotation.

As a conclusion of each science unit, students were requested to construct a test, either based
on questions already stored in the SGQ, or they could generate new items in the online SCT system, at
the last instructional session (40 minutes). Essentially, for SCT, using their I-pad mini, students first
decided the number and scoring scheme for each of the question type (i.e., test-planning stage).
Students then viewed and selected any questions to be included in a test, or generated new yes/no and
multiple-choice items, if feeling the need to ensure test comprehensiveness (i.e., test-compilation
stage). Finally, students re-arranged the relative sequence of questions both within and between
guestion types before submission (test-setting stage).

After participants experienced two cycles of SGQ and SCT activities, which lasted nine
weeks with a total of 26 sessions, they were asked to complete a five-item questionnaire soliciting
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their preferences and perspectives with regard to the exposed online SGQ and SCT learning activities.

They are:

Q#1 Overall, what do you feel about the difficulty level of SGQ activity: 1 (very difficult) to 5 (very
easy).

Q#2 QOverall, what do you feel about the difficulty level of SCT activity: 1 (very difficult) to 5 (very
easy).

Q#3 Which learning activity do you prefer: SGQ, SCT, no preference? Please explain (any particular
aspects that make you like it better).

Q#4 Which learning activity do you think better help your learning: SGQ, SCT, no difference? Please
explain (any differential effects it had on you, e.g., learning process, behavior, thoughts,
emotions).

Q#5 Which learning activity do you think are more difficult: SGQ, SCT, no difference? Please
explain (any specific areas that made the activity more difficult, challenging).

Descriptive statistics (frequencies, percentage, mean) and chi-square (X?) tests were used for
guantitative data collected from the 80 participants attended the last session of this activity. Constant
comparative method was used for analyzing descriptive responses provided by the 80 participants.

3. Results
As shown in Table 1, approximately one-tenth of the participants felt that SGQ or SCT was difficult
or very difficult. In fact, approximately half of all participants regarded SGQ as easy or very easy

(47.50%), and more than 60% of the participants felt SCT as easy or very easy (62.50%).

Table 1: Frequencies (%) and mean of students’ response regarding the difficulty of SGQ and SCT

(N=80).

1* 2* 3* 4* 5* 4+5 Mean
f(%) (%) f (%) f (%) f (%) f (%)
Q#1 Overall, the difficulty level of 3 6 33 20 18 71 355
SGQ (3.75%) (7.5%) (41.25%) (25%) (22.50%) (47.50%)
Q#2 Overall, the difficulty level of 2 4 24 29 21 74 3.79
SCT (2.5%) (5%) (30%) (36.25%) (26.25%) (62.50%) ~

*1: very difficult; 2: difficult; 3: moderately difficult; 4: easy; 5: very easy

As shown in Table 2, for Q#3, approximately one-third of the participants preferred SGQ
(30%), another one-third preferred SCT (37.5%), and the remaining one-third felt no preference to
either approach (32.5%). A X2 test further indicated that participants’ preferences toward SGQ and
SCT were not statistically significant (X?=0.7). Constant comparative method done on students’
written responses as to why they preferred SGQ revealed two major themes—its cognitive effects on
promoting learning outcomes (e.g., academic performance, comprehension, creative thinking,
reflecting thinking, active learning, metacognitive strategies, cognitive strategies) and its affective
effects (e.g., heightened attitude toward science, learning satisfaction, test-efficacy, self-concept).
Particularly, more than one-third (n=9, 37.5%) pointed out explicitly that SGQ engaged them in
activities like reviewing, identifying main ideas, and monitoring their understanding of the science
material, while 50% participants (n=12) appreciated SGQ’s affective effects on making science
learning more fun, interesting and easy. On the other hand, among those preferring SCT, more than
85% (n=26, 86.67%) pointed to its affective effects such as easy, fun and interesting, contrasting it
with SGQ’s more cognitive- and time-demanding nature. Finally, as for those indicating “no
preference” (n=26), two distinct sub-groups emerged: liking both (n=23, 88.46%) and liking neither
(n=3, 11.54%). For those liking both approaches, all acknowledged the distinct learning effects
offered by different approaches. For those disliking both, the main reason was due to the many tasks
involved (especially typing), which frequently resulted in uncompleted work and unpleasant feeling.
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Students’ responses to question #4 showed that nearly two-thirds of the participants selecting
SGQ over SCT (63.29%), with only less than 5% selecting SCT over SGQ (3.8%), and a bit shy of
one-third of the participants (32.91%) felt no differences (Table 2). X? test on perceived effects for
promoting learning was statistically significant (X?=41.95, p < .05). Among those selecting SGQ,
most emphasized its cognitive and affective potential for learning, as described previously. When all
written responses to this question were analyzed altogether, one major theme emerged—creating
versus selecting/compiling. Nine students associated SGQ with creation and SCT with compilation
that attributed to different perceived effects for learning.

When it comes to task difficulty (Q#5), the majority of the participants regarded SGQ as more
difficult than SCT (53.75%), less than one-fifth of the participants felt the other way around (17.5%),
and the rest of the participants felt no difference (28.75%) (Table 2). The X? test on this question was
statistically significant (X?=16.53, p < .05). Data analysis on descriptive comments again highlighted
SGQ’s cognitive, time- and effort-demanding nature for locating main ideas, monitoring personal
understanding, and typing in items in the system while adhering to the set of criteria and within set
time. In contrast, tasks, such as further screening and selection of item quality, sequencing in terms of
item difficulty, and additional operational procedures associated with SCT were identified as what
made it more difficult as compared to SGQ.

Finally, in view of the findings of past studies pointing to SCT’s potential for promoting
knowledge elaboration and integration, all written responses were analyzed as a whole. However,
only a handful of comments noticed the additional cognitive potential prompted by SCT. Explicitly,
among those (n=239), only three comments were about SCT providing opportunities for further item
revision and refinement (i.e., an indication of elaboration), and six mentioned SCT for enabling
students to re-examine the entire unit and to ensure that the test cover them appropriately (i.e., an
indication of integration).

Table 2: Students’ perspectives toward SGQ and SCT regarding their preference, perceived effects for
promoting learning, and difficulty (N=80*%*).

SGQ SCT No difference X2
f (%) f (%) f (%)
Q#3 Preferred 24 (30%) 30 (37.5%) 26 (32.5%) 0.700
Q#4 Perceived as better promoting 50 (63.29%) 3(3.8%) 26(32.91%) 41.95*
learning
Q#5 Perceived as more difficult 43 (53.75%) 14 (17.5%) 23 (28.75%) 16.53*

*p <.05; ** missing data: 1 for Q4

4. Discussion and Conclusions

In view of cognitive elaboration theory, effective elaboration techniques aid cognitive processing
and structuring (Reigeluth, 1992, 1999). The additional tasks associated with SCT (e.g., test-planning
and -setting ahead of and after the test-compilation stage to ensure that the constructed test covers and
assesses all subject-matter content of importance, and that all included items are adequately arranged)
should encourage greater and deeper active manipulation of the received information, leading to
knowledge growth. Yet, how primary school participants, who are at a younger age, thus with limited
cognitive and metacognitive capacities, reacted to this learning arrangement was examined in this
study. As noted by technology adoption theorists (e.g., Davis), users’ subjective attitudes would one
area not to be ignored, if technology is to be accepted and actually used in the diffused setting in the
long run (Davis, 1993). In particular, primary school students’ preference, perceived effects for
promoting learning, and perceived difficulties regarding SCT, as compared to SGQ, were
investigated. Several important findings were obtained with their implications for instruction
presented below.

First of all, despite the fact that studies have found that the majority of college students
viewed SQG as difficult or very difficult when first encountering this activity (Yu and Wu, 2014), the
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majority of participating primary school students did not associate them with the feeling of difficult or
very difficult, after being exposed to SGQ and SCT learning tasks for an extended period of time (i.e.,
eleven weeks). In fact, a substantial proportion of students regarded them as moderately difficult, that
is, an optimal challenging level with optimal motivational level, as suggested by Malone and Lepper
(1987). In view of the fact that for most students the perceived difficulty level of SGQ and SCT
resided within the manageable scope (i.e., not very difficult, difficult), and many regarded them as
optimal challenging, both arrangements can be considered as alternative assessment and learning
approaches to promote learning even for primary school students. Also, in consideration that
some students regarded SGQ and SCT as very difficult or difficult, instructors interested in adopting
either approaches should pay special attention to the needs of these students. Designing and provision
of learning aids, such as modeling appropriate response, procedural prompts, checklists, criteria, cue
card, group work (rather than individual work) (Rosenshine, Meister and Chapman, 1996), and
extra-training in associated skills (e.g., typing) for SGQ and SCT may be essential for associated
learning effects to manifest.

Secondly, as reflected in participants’ responses, SGQ’s potential for promoting
comprehension, motivation, cognitive and metacognitive strategy development, active learning
behavior, diverse and flexible thinking, and positive attitudes toward the subject matter studied, and
so on, confirmed existing studies (e.g., Brown and Walter, 2005; Rosenshine, Meister and Chapman,
1996; Yu, 2012) to support SGQ as a promising teaching and learning approach.

Lastly, even though prior studies with undergraduates highlighted SCT’s potential for
knowledge integration and elaboration (Yu and Su, 2013a, b; Yu and Wu, 2015), in this study, very
few participants articulated these effects. While the underlying reasons for the observed results await
to be investigated, instructors interested in SCT may want to consider the provision of additional
training (e.g., for grasping the overall structure of the study content via concept-mapping) and explicit
instruction on the distinct aspects and performance criteria of SCT to ensure that even primary school
students can make the most of engaging in SCT learning activities.
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Effect of Knowledge Building Pedagogy

on Studentd Reading Comprehension
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Department of Education, National Chengchi University, Taiwan

Abstract: The purpose of this study was to investigate the effects of knowledge building
pedagogy on grade4 students’ reading comprehension. Data sources mainly came from
experimental group and control group' average scores on PIRLS (Progress in International
Reading Literacy Study). and data analysis was done by using an independent-samples t-test
to compare average PIRLS’ scores between the experimental group and the control group. The
results are as follows: Experimental group and control group’ PIRLS scores significantly
increased in eighteen weeks and there was a statistically significant in that the experimental

group outperformed the control group in terms of the pre-post increased PIRLS scores.
Keywords: Knowledge building, reading comprehension, PIRLS
1. Introduction

Knowledge building is a social process in which people work collaboratively to create and improve
ideas of value to their community (Sun, Zhang & Scardamalia, 2010). The knowledge building
pedagogy aims to help groups produces increasingly powerful explanations about the world and
transform classrooms into knowledge building communities (Scardamalia and Bereiter, 1994).The
purpose of this study was to investigate the effects of knowledge building pedagogy on grade 4
student” reading comprehension. To this end, knowledge forum (KF) technology was used to
provide a computer-support learning environment; KF support students and record the process of idea
generation, idea co-construction, and idea improvement.

This study adopted experimental research design. Participants in the experiment group were
25 grade 4 students, and in the control group were 28 grade 4 students. The experiment group was
engaged in a class which used knowledge building pedagogy to enhance student’ reading
comprehension for eighteen weeks. The control group had their reading instruction using as teacher
directed instruction.

3. Knowledge of and Knowledge About
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Modern society does not emphasize to much on accumulation of knowledge, but instead highlight the
importance of creating new knowledge. Students not only need to develop knowledge building
competencies but they also need to see themselves and their work as part of the civilization-wide
effort to advance knowledge frontiers (Scardamalia & Bereiter, 2006 ). Knowledge acquisition is the
process of extracting, structuring and organizing knowledge from one source, usually textbooks or
human experts. However, knowledge creation has to work with and use knowledge in various contexts,
to explore and question, and to connect not only with other explicit ideas but also with implicit idea
(Scardamalia and Bereiter, 2010 ). Knowledge acquisition highlights authoritative content itself, while
knowledge creation is emphasize the importance of real-life experiences by learners.

Learning about various concept is the traditional way in accumulating knowledge. However,
learning to create and work innovatively with ideas is the modern way in creating knowledge. Both
concepts and ideas are originally from human beings, and are used for. Table 1 below show the
differences and similarities between learning about concepts and learning to work with ideas. We can
see that concepts are more organized and can be categorized. In contrast, ideas are usually emergent
and not organized but can be more creative. Through idea-improvement, learning is a never ended
process.

Table 1. Similarities and differences in terms of learning from concepts and ideas

concepts ideas

Similarity Coming into forms from some human beings

Used for problem-solving

Basic of thinking process

Difference Can be organized and can be Difficult to organized due to
categorized their intuitive nature

Concepts are usually proved
facts based on some theoretical Ideas are usually not proved
or empirical evidence solutions for a problem

Ideas are more creative
Concepts can be easily thoughts than some known
structuralized concepts

4. Method

This study adopted quasi-experimental design. In the experiment group, the participants were 25 of
grade 4 students, and in the control group, the participants were 28 grade 4 students. The experiment
group engaged in class which knowledge building pedagogy was used to enhance reading
comprehension among students for eighteen weeks. The control group had their reading class under
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teacher-directed instruction. The control group’s teacher stands in front of a classroom and presents
information of text books, usually clearly outlined the academic content. PIRLS (Progress in
International Reading Literacy Study) tests were used to assess children's reading comprehension.
Students took PIRLS tests at the first week and the last week as their pre-test and post-test.

A research observed the experiment group in class for eighteen weeks with each class lasting
for 40 minutes once a week. The researcher also observed how student worked creatively in
Knowledge Forum (KF), in order to see if the experimental intervention improved students; reading
comprehension. Knowledge Forum is a cross-sector, cross-age, cross-cultural problem-solving space
where the focus is on the continual improvement of ideas. The heart of Knowledge Forum is a
multimedia community knowledge space. In the form of notes, participants contributes ideas, and
propose working models, make plans, search for evidence, identify reference materials, and so forth in
this shared place (Scardamalia, 2004a). Participants in the experiment group can also use Knowledge
Forum to make their thinking visible by using some graphical tools.

In Knowledge Forum, students post notes to show their views or ideas raise questions, others
students can not only read their own notes but answer questions or refine ideas (Fifurel). Except for
posting notes, scaffold in Knowledge Forum can be customarily designed to provide procedural
facilitation for fostering expertise in writing (Scardamalia, 2004a). Students used scaffolds to improve
their understanding. Scaffolds are metacognitive prompts that guide knowledge construction (Niu &
van Aalst, 2009). Students will understand how to improve ideas when using scaffolds like “ My
theory” “ | need to understand” “New information™ “This theory cannot explain” “A better theory”
“Putting our knowledge together”. They can classified their ideas and try to find solutions when
facing problem that they don’t understand, like searching authoritative sources.
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Figure 1. Student’s notes in Knowledge Forum
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Figure 2. Scaffolds in Knowledge Forum

5. Conclusion

In this study, the experiment group was engaged in class which used knowledge building pedagogy to
enhance student’ reading comprehension for eighteen weeks. Figure 3 shows, the average PIRLS’
scores between the experimental group and the control group. In the pre-test, the experiment group’s
mean score (M=23) was higher than the control group’s mean score (M=22.68). And the experiment
group’s standard deviation (SD=5.63) was slightly higher than the control group’s standard deviation
(SD=4.27). It means that there was no significant differences between the experiment group and the
control group’.

After eighteen weeks of different teaching methods between the two groups, The experiment
group’s mean score (M=26.28) in the post-test was significantly higher than the control group’ s mean
sore (M= M=23.07). It can be concluded that participants in the experiment group were able to
improve their reading comprehension due to the experimental intervention.
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Figure 3. PIRLS reading achievement

Except for the change in PIRLS’ average scores, an independent-sample t-test was conducted
to compare average the PIRLS’ scores in both the experimental group and the control group. A table
1below show, there was no statistical significant at the beginning of the experiment. Represent that
there is no differences between the experimental group and the control group in reading
comprehension level. After eighteen weeks using knowledge building pedagogy, as table 2 below
show, there was a difference in the average score in terms of post- test score for the experimental
group (M=26.28, SD=3.87) and control group (M=23.07, SD=3.13) conditions; t (50) = 3.33, p =
0.002.These results suggest that the experimental treatment really does have an effect on PIRLS’
reading comprehension achievement.

Table 1. pre-test’ t-test results comparing experimental group and control group

experimental control group t-test 95% ClI

group
Variable M SD M SD LL UL
Pre-test score 23 5.63 22.68 4.27 .82 -2.44 3.08

**p<0.05

Table 2. post-test’ t-test results comparing experimental group and control group

experimental control group t-test 95% ClI

group
Variable M SD M SD LL UL
Post-test score 26.28 3.87 23.07 3.13 002 ** 1.28 5.14

**p<0.05

Additionally, qualitative data show positive effects of the knowledge building pedagogy.
Analysis of Knowledge Forum posting revealed that students were able to improve their ideas by
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posting and questing ideas in the online environment. Figure 4. presents the number of student's
posting in each lesson tend to increase. Regarding the increasing trend, present students in the
experimental group were motivated by knowledge-building activities. Students was engaged in
collaborative learning and creating new ideas.
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Figure 4. The number of student's posting in each lesson
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Abstract: Attention is an important factor of learning because a focused learner shows better
learning efficiency. Attention also reflects the teaching quality of a teacher, so if a teacher
understands the attention level of a learner, he can improve the teaching method to enhance
attention and interest in the course. With the development of computer and internet
technology, teaching materials have also been developed in different ways. In addition to
traditional printed materials, various digital materials are now options for learners. However,
the type of teaching material used to grab the attention of learners should also be considered.
Therefore, this study used subject of Algorithm as an example. The same topics were
presented by both traditional printed materials and digital materials. Electroencephalogram
(EEG) was used while the learners were reviewing, and the collected data were analyzed. The
results showed the attention levels to traditional printed materials and digital materials and can
be used as a reference for teachers.

Keywords: Attention, Dual-coding Theory, E-Learning

1. Introduction

Learning is a necessity in life. However, depending on the personality, interests and values of different
learners, they will have different ways of absorbing knowledge to learn. Therefore, understanding the
motivation of the learners and providing appropriate teaching methods to stimulate their desire to
learn are vital. Research by Petri showed that motivation induces and sustains learning and leads the
learner to pursue learning objectives. Stronger motivation also causes better performance (Petri, H.L.,
1986). Furthermore, Keller proposed the ARCS model of motivation, which states that strengthening
motivation requires four key elements that form a mutually dependent loop. The ARCS model
consists of Attention, Relevance, Confidence and Satisfaction. Attention refers to the initial
stimulation to the learner, making the learner realize the interesting part of learning; relevance refers
to making the learner realize that he/she needs instruction; confidence refers to learners thinking that
they are capable of learning certain knowledge; and satisfaction refers to the intrinsic reinforcement
and extrinsic rewards after spending efforts to master certain knowledge (Keller, J. M., 1983)(Keller, J.
M., 1996).

In the ARCS model of motivation, learning is initiated by stimulating the learners’ attention,
thus making attention level very important. Hans Berger found that a normal human brain emits four
types of frequency, of which thefwave is most associated with attention (Berger, H., 1929). In the
modern age of technological development, brainwave measuring equipment has evolved from large
and heavy equipment using vacuum tube technology to advanced equipment that bears similarity to a
set of headphones in terms of size and usage. Therefore, this study aims to measure learning attention
when studying different teaching materials using EEG.
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2. Literature Review

2.1 Dual-Coding Theory

In the concept of dual-coding theory, Paivio believed that in the cognitive process, information is
coded in two different ways: the Verbal System that controls language and words and the Nonverbal
System that controls visuals sounds, etc. (Paivio, A.,1986).

The two systems are connected in three ways, which are Representational Connection,
Referential Connection and Associative Connection (Figure 1).

Verbal stimulus Nonverbal stimulus

v v

Sensory Systems

Representational Connections

Referential

Connections O

Logogens \ Imagens /,

Verbal Processes Nonverbal Processes

2IM2NNYS 2ANEBID0SSY
2IN2NNS SANEBIDOSSY

Figure 1. Dual-coding theory (Paivio, A.,1986)

The Representational Connection refers to the initial characterized action when the individual receives
the stimulus. The Referential Connection refers to the connection between the verbal system and
non-verbal system to form the association. The Associative Connection refers to the connections made
between elements that share the same characteristics within the same system (Paivio, A.,1986).

The dual-coding theory has been proven in many studies. Presentations in words and pictures
are much more effective than learning simply by words. One study (Mayer, R. E. & Anderson, R. B.,
1992) that used digital materials made by computers found that the learning performance is much
better in the presentation of both words and pictures compared to only words. In another study (Mayer,
R. E. & Sims, K., 1994), digital materials was used for a multimedia teaching experiment, the results of
which share common ground with the dual-coding theory.
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2.2 Learning Attention

Since 1970, attention has been a popular research topic in the field of psychology. Attention refers to
the inner response to focus and concentrate on an important issue to quicken cognitive process or
ensure accuracy (James, W., 1983). When the entire mind is put into a certain object or issue, this is
known as attention (Solso, R. L., 1995). In cognitive psychology, learning is considered a complex
cognitive process when the learner actively pays attention, senses, understands, and networks (Jensen,
A. R, 1998). When a learner shows ambition to learn, that enhanced focus also positively affects
learning performance (Corno, L., 1993).

Because attention affects learning performance, using such methods as self-monitoring to
train the attention level of the learner can assist underperforming learners and enhance their learning
outcomes (Steinmayr, R., Ziegler, M. & Tra uble, B., 2010)(Purdie, Hattie, & Carroll, 2002). Furthermore,
attention level can be used as a reference for learning performance. The rapid development of the
internet has led to the possibility of online self-learning, an important factor of which is
self-regulation, which affects learning performance. Therefore, self-regulated learning has become
very important. Researchers have also incorporated attention evaluation into self-regulated learning,
leading to the formation of the attention-based, self-regulated learning mechanism (ASRLM). By
using EGG measurement, (Sturm, W., 1996) categorized attention into Alertness, Selective Attention,
Sustained Attention, and Divided Attention. Of these, sustained attention was compared among
participants with and without the wearable attention level measuring equipment. Research has shown
that learners who wore the equipment have a better understanding than those who did not wear the
equipment (Chen, C. M. & Huang, S. H., 2013)(Sturm, W., 1996). Furthermore, researchers have also
investigated how attention level affected learning by different types of teaching materials. This study
aims to compare teaching materials of the same content in traditional print format versus digital
format and investigate the difference in attention levels (Chen, C. M. & Wu, C. H., 2015).

2.3 Application of Brainwaves

Brainwaves were first discovered by Richard Caton after detecting a low level of electrical impulses
on the cerebral cortex of animals. This initiated the field of brainwave research. The official name
“brainwaves” was coined by Hans Berger and Richard Caton. The measurement of electrical signals
of the human brain is called Electroencephalogram (EEG). Based on the different frequencies of
brainwaves, Hans Berger found thea, , 6 and 6 waves and that out of the four, thefwave is most
closely associated with attention (Berger, H., 1929). Furthermore, the two scholars later found that
when a change occurs in a certain region of the brain caused by the change in brainwave, it can be
measured and is called Magnetoencephalography (MEG). Both EEG and MEG are commonly used in
medical fields (Caton, R., 1875)(L. F. Haas)(Tudor, M., Tudor, L., Tudor, K. I. & Hans Berger).

Application of brainwaves in medicine has developed into non-invasive monitoring and
analysis of the brain, including technology such as the Magnetoencephalography (MEG), Single
Photon Emission Tomography (SPECT), Transcranial Magnetic Stimulation (TMS), and Optical
Imaging. Furthermore, due to the constant improvement of technology in recent years, brainwaves can
also be applied to teaching research. In some studies (Chen, C. M. & Wu, C. H., 2015)(Sun, J. C. Y.,
2014), brainwave data were used as a tool to measure learning effectiveness.

Two common methods involving brainwaves are used to measure attention. The first method
asks the subject to complete a questionnaire regarding attention after the test, but the subjects are
aware of the purpose of the questionnaire and thus may provide inaccurate answers. The second
method collects physiological data using equipment that measure physiological signals and then
analyzes the data statistically. This method overcomes the limitation of subjective perception that
exists in the first method. This study used the second method to measure learning attention with EEG.
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3. Research method

3.1 Hypotheses

Hypothesis 1: The attention level is higher when studying digital materials compared to
traditional printed materials.

Hypothesis 2: When doing the Lightning Round, the learners are more focused.

Hypothesis 3: When learners empty their mind, it affects their attention level.

Hypothesis 4: When watching an interesting video, the level of attention is the highest.

3.2 Subjects

The subjects were bachelor students in their 3rd or 4th year and postgraduate students in their 1st or
2nd year in the Department of Informational Engineering in the School of Engineering of a
technology university.

3.3 Equipment

This study used NeuroSky EEG to measuring the level of attention. As shown in Figure 2, the
equipment collects physiological signals from the brain via special sensor electrodes and transfers the
signals to the ThinkGear chip to filter and enhance the useful information. The equipment then uses a
patented algorithm to interpret wavelengths of the brainwave and analyzes the frequency of each
wave. Computers and mobile phones are used to record the data and discover relevant information
using statistics (Buduan, P. J. L., 2012).

Adjustable Head Band

Power Switch

Battery Area

Sensor Tip/Arm

Flexible Ear Arm

Figure 2. NeuroSky MindWave (Buduan, P. J. L., 2012)

3.4 Teaching Material Design

The teaching material was based on “Foundations of Algorithms Using C++ Pseudocode” 3rd edition
by Richard E. Neapolitan and Kumarss Naimipour. The design materials adapted Mayer’s cognitive
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theory of multimedia learning and was evaluated by three internal or external experts of the field. The
experts approved the design’s content validity, which was then used in the test.

3.5 Experimental Design

This is a quasi-experimental study using algorithm courses. The content of the traditional printed
materials and digital materials is identical. EEG was used when the learners were reviewing the
material. The learners were evenly distributed to the control and treatment groups based on their past
scores of algorithm tests. The content of the review consisted of Prim's and Kruskal’s algorithms. The
review time was based on the situation. Figure 3 shows the experimental design.

As for “Lightning Round”, the students are asked some questions that are easy but need a
little attention, such as 2+3=? For “empty their mind”, the students are asked to stay in any condition
to totally relax, such as closing their eyes. For “watching interesting video”, the students are asked to
watch the videos they are interested in.

Control variables
1.Review Mode

2. Review Content
3. Review time

Independent variable il
1.Traditional textbooks
2.Digital textbooks

Dependent variable
1.Learning attention

A 4

Figure 3. The experimental design
3.6 Experimental Procedure

The experimental procedure is divided into the following six stages:

Stage 1. Before the test starts, the experimental procedure was explained to the participants to
minimize uncertainty. Pre-test questions, were given to assess learning performance. Participants
were given 10 minutes for the pre-test and have to record the time they took to complete it. The
guestionnaire can be completed afterwards. A 5-minute break was given.

Stage 2: Teaching materials in the print and digital format were designed to contain a similar level of
difficulty for Prim’s and Kruskal’s algorithms. Four teaching materials were used: digital
material on Prim’s algorithm, print material on Prim’s algorithm, digital material on Kruskal’s
algorithm, and print material on Kruskal’s algorithm. The test was continued when the treatment
group was randomly given the digital material on either Prim’s or Kruskal’s algorithm to assess
attention level and relaxation level. The control group was given the printed material on the other
unchosen algorithm to assess the same factors. The test took five minutes, and a break of exactly
5 minutes was given with no early continuation allowed.

Stage 3: The participants were then asked to label the attention ladder diagram based on their
impressions made in Stage 2. The post-test was then conducted to investigate learning
performance. Early submission of the test paper was not permitted for this 5-minute test.

Stage 4: After the 5-minute break, the treatment group repeated the process of the control group and
vice versa for the control group. The process was video-recorded. An attention ladder diagram
was given to each participant to label, followed by another post-test to investigate learning
performance. Early submission of the test paper was not permitted for this 5-minute test.

Stage 5: The participants were asked to complete a questionnaire regarding their own level of
attention. The questionnaire should take approximately 3 minutes.
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Stage 6: The participants were asked to wear EEG and watch an interesting video, do the Lightning
Round, and close his/her eyes and empty his/her mind; each activity took one minute. This stage
is performed to determine if the three test curves match the previous test curves.

4. Results

Due to the number of experimental EGG and complications of the experimental procedure, only four
participants have completed the test. Two participants studied the traditional print material followed
by the digital material. The results are shown in Figure 4. The y-axis represents the average attention
during 5 minutes, and the x-axis represents the participants. Kruskal T1 means that the participants
studied the traditional print material on Kruskal’s algorithm first. Prim_D2 means that the participants
studied the digital material on Prim’s algorithm afterward. The other two participants studied the
digital material followed by the traditional print material. The results are shown in Figure 5. The
y-axis represents the average attention during 5 minutes, and the x-axis represents the participants.
Prim_D1 means that the participants studied the digital material on Prim’s algorithm first. Kruskal_T2
means that the participants studied the traditional print material on Kruskal’s algorithm afterward.
First, we tested Hypothesis 1: The attention level is higher when studying digital materials
compared to traditional printed materials. In our four subjects, only one person showed opposite
results to Hypothesis 1. A possible reason may be that the person prefers reading print, causing a
higher level of attention when studying traditional printed materials compared to digital materials.

100
90
80
70
60

Attention 50

studentl student2

Kruskal T1 mPrim D2

Figure 4. Average attention of students when watching traditional printed materials first and
digital materials after
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Figure 5. Average attention of students when watching digital materials first and traditional
printed materials after

We then tested Hypothesis 2 and Hypothesis 3: When doing the Lightning Round, the learners
are more focused, and when learners empty their mind, it affects the attention level. This study found
opposite results. The level of attention is relatively lower than when the learners empty their mind.
Figure 6 shows that learners do not focus when doing the Lightning Round. We believe this
phenomena is due to the questions that were asked being too easy and could be answered without
much thinking; hence, the learners did not need to pay attention. As for the higher level of attention
when the learners empty their mind, we believe that the learners were still thinking during the test and
thus showed high levels of attention. The results are shown in Figure 7.
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Figure 6. Average attention of students during Lightning Round
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Figure 7. Average attention when students empty their minds

We tested Hypothesis 4: When watching an interesting video, the level of attention is the
highest. Three out of the four participants conformed to Hypothesis 4. The learning performance
results showed that learners who could do the pre-test could answer even more difficult questions
correctly. The participant who did not show a high level of attention still showed a considerably
decent level of attention. However, it was no higher than that when asked to empty their minds. This
study also found that level of attention drops when the participants laughed. The results are shown in
Figure 8.
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Figure 8. Average attention of students when watching interesting videos

5. Conclusion

This study aims to understand how different types of teaching materials affect learners’ attention.
Learners were asked to study with traditional printed materials and digital materials with a similar
level of difficulty, while EEG was used to measure the brainwaves. The data were analyzed, and the
results generally coincided with the expectations in the hypotheses. This study has only completed
preliminary experiments and will continue to investigate further.

Acknowledgement

This study is supported in part by the Science Council of the Taiwan under Contract No. MOST
103-2511-S-218 -003 -MY3

References

Berger, H. (1929). First human EEG paper: Ueber das Elektroenkephalogramm des
Menschen. Archiv fur Psychiatrie und Nervenkrankheiten, 87, 527-570.

Buduan, P. J. L. (2012). Brain Controlled LCD Message Display for Disabled. (Doctoral dissertation, Holy
Angel University).

Caton, R. (1875). The electric currents of the brain. Br. Med. J. 2:278.

Chen, C. M. & Huang, S. H. (2013). Web-based reading annotation system with an attention-based
self-regulated learning mechanism for promoting reading performance. British Journal of Educational
Technology, 45(5), 959-980.

Chen, C. M. & Wu, C. H. (2015). Effects of different video lecture types on sustained attention, emotion,
cognitive load, and learning performance. Computers &; Education, Volume 80, Pages 108-121.

Corno, L. (1993). The best-laid plans: Modernconceptions of volition and educational research. Educational
Researcher, 22, 14-22.

93



Hans, L. F. Hans Berger (1873-1941), Richard Caton (1842-1926), and electroencephalography, Journal of
Neurology, Neurosurgery and Psychiatry, vol. 74, p. 9, 2003.James, W. (1983). The principles of
psychology. New York: Holt.

Jensen, A. R. (1998). The g factor: the science of mental ability. Westport, CT: Praeger.

James, W. (1983). The principles of psychology. New York: Holt.

Keller, J. M. (1983). Motivational design of instruction. In C. M. Reigeluth (Ed.),Instructional design theories
and models: An overview of their current status. (384-434).Hillsdale, NJ; Lawrence Erlbaum.

Keller, J. M. (1996). Motivational design and multimedia: beyond the novelty effect. Paperpresented at the
International Symposium on New Technologies of Instruction 1996, Taipei, Taiwan

Mayer, R. E. & Anderson, R. B. (1992). The Instructive Animation: Helping StudentsBuild Connections
Between Words and Pictures in Multimedia Learning. Journal of Educational Psychology, 84, 444-452.

Mayer, R. E. & Sims, K. (1994). For whom is a picture worth a thousand words? Extensions of a dual-coding
theory of multimedia learning. Journal of Educational Psychology, 86(3), 389-401.

Paivio, A. (1986). Mental representations: A dual coding approach. New York: Oxford University Press.

Petri, H.L. (1986). Motivation: Theory and Research. Belmont, California: Wad sworthPublishing Company.

Purdie, Hattie & Carroll (2002). A review of the research on interventions for attention deficit hyperactivity
disorder: What works best? Review of Educational Research, 72(2002), pp. 61-99.

Solso, R. L. (1995). Cognitive Psychology (4th ed).

Steinmayr, R., Ziegler, M. & Tra uble, B. (2010). Do intelligence and sustained attention interact in predicting
academic achievement? Learning and Individual Differences, 20(1), 14-18.

Sturm, W. (1996). Evaluation in therapeutical contexts: attentional and neglect disorders. Eur Rev ApplPsychol,
46, 207-14.

Sun, J. C. Y. (2014). Influence of polling technologies on student engagement: An analysis of student motivation,
academic performance, and brainwave data. Computers & Education, Volume 72, Pages 80-89

Tudor, M., Tudor, L., Tudor, K. I. & Hans Berger (1873-1941- The history of electroencephalography), Acta
Medica Croaticak, Vol. 59,pp. 307-313,2005.

94



Building Project-Based Learning Platform for
the Capstone Project

Li-Ling HU®, Shian-Shyong TSENG** & Jui-Feng WENG*
4Department of Computer Science and Information Engineering, Asia University, Taichung, Taiwan
*Department of Digital Media Design, Tatung Institute of Technology, Chiayi, Taiwan
‘Department of Applied Informatics and Multimedia, Asia University, Taichung, Taiwan
*sstseng@asia.edu.tw

Abstract: The goal of capstone project is to train students to be able to apply the required
knowledge and skill to collaboratively complete the assigned work. The project-based learning
(PBL) is a popular strategy used by teachers to guide students to organize teams to solve
problem collaboratively and to enhance students’ creative and problem solving abilities in
capstone project. However, the traditional PBL strategy cannot effectively enhance the
students’ abilities because the previous good cases cannot be easily shared and reused.
Therefore, our idea is to develop a good platform to be able to share and reuse the cases together
with portfolios to motivate student’s imaginative power and creativity and the teachers can
easily assess the students’ learning achievements. Because Case-Based Reasoning (CBR)
techniques consisting of cases retrieve, reuse, revise and retain can be used to model the
computer reasoning, we develop a project-based learning platform using the CBR techniques to
provide the case scaffoldings and reserve the learning portfolio. We further design an
experiment based upon our learning platform to complete the e-book visual creative design. The
experimental result shows that the given appropriate learning scaffoldings can guide students to
improve the creative and problem solving abilities.

Keywords: problem solving learning, project-based learning, case-based reasoning, capstone
project.

1. Introduction

The goal of capstone project is to train students to be able to apply the required knowledge and skill to
collaboratively complete the assigned work (Gardner and Van der Veer, 1998; Brown, 2004; Todd et al.,
1995). Through the capstone project, students should have the ability to solve complex problems with
effective communication ability. As we know, project-based learning (PBL) is a popular strategy used
by teachers to motivate students learning and to develop students' professional knowledge and problem
solving abilities (Hung et al., 2014; Barrows, 1996). In general, the PBL strategy is often used to guide
students to organize teams to solve problem collaboratively and to enhance students’ creative and
problem solving abilities in capstone project in the last year of the students’ undergraduate study.

However, the traditional PBL strategy cannot effectively enhance the students’ creative and
problem solving ability (Barab & Luehmann, 2002; Barak & Dori, 2004; Barron et al., 1998; Edelson et
al., 1999; Solomon, 2003) because the previous good cases cannot be easily shared and reused.
Therefore, in this paper, our idea is to develop a good platform to be able to share and reuse the cases
together with portfolios to motivate student’s imaginative power and creativity to guide students
learning, and therefore the teachers can easily assess the students’ learning achievements.

In recent years, capstone project of learning design or e-book design has become a hot topic in
many information management related departments. With our observations, students can hardly
complete their project in e-book production, because they usually lack creative and problem solving
abilities to present the ideas and effects of design. Therefore, having creativity to present idea and
problem solving abilities to solve these problems is very important.

For creative and problem solving abilities learning, establishing a set of standards process should be
able to improve the students' learning motivation and learning effectiveness. Although PBL is indeed a
good learning strategy, applicable techniques are still needed to improve the learning effectiveness

95



(Hwang, Shi, & Chu, 2011; Mora Luis et al., 2014). Because case-based reasoning (CBR) techniques
consisting of cases retrieve, reuse, revise and retain can be used to model the computer reasoning
(Aamodt & Plaza, 1994), we develop a project-based learning platform using the CBR techniques to
provide the case scaffoldings and reserve the creative and problem solving abilities learning portfolio in
capstone project. Depending on the students' characteristics and learning portfolio to retrieve
appropriate cases as creative learning framework and trigger students' creative thinking to assess the
achievements of the capstone project.

In this paper, we focus on creative design of e-book in the capstone project consisting of story
design phase, style design phase, and layout design phase. Each phase needs its appropriate creative and
problem solving abilities to achieve a complete visual creative design of e-book. Since multi-phase
design thinking needs to consider the design links and consistency between the design phases, the
creative brainstorming activity is not easy for students. Hence, there often exist inconsistencies between
idea and the final productive result.

Our project-based learning platform is a spiral model; each spiral corresponds to a design phase;
each design phase consisting of four steps: similar case inquiry, brainstorming, collaborating and
discussing. For assisting students’ brainstorming activity, the processes of the cases and teams” learning
portfolio are stored. For different design phase, according to the characteristics of case, we also define
the similarity functions to retrieve appropriate cases. CBR case retrieve, reuse or revise, and retain
techniques are used to assist students to solve the difficulties in case inquiry, brainstorming, and
discussing, respectively.

We further design an experiment based upon our learning platform to complete the e-book
visual creative design with capstone project. The students are divided into experimental group and
control group. The experimental group used the project-based learning platform in each e-book
production phase and the control group only used the traditional PBL learning strategy to develop their
e-book. The experimental result shows that the given appropriate learning scaffoldings can guide
students to improve the creative and problem solving abilities.

2. Related Works

PBL has been proved to be an effective learning strategy (Blumenfeld et al., 1991; Huang et al., 2002).
In the capstone project, the students are grouped into several teams, each of which should complete a
project and develop their core abilities through interaction and collaboration with other students
(Edward, 1995; Jang, 2006a; Jang, 2006b; Johnson & Aragon, 2002; Prince & Felder, 2007; Chang &
Lee, 2010). With the progress of new era, e-PBL (PBL joins the IT technology) is used as a powerful
tool to simulate the dangerous or expensive projects and provide scaffolding assist students learning
(Rienties et al., 2012; Chu & Hwang, 2010; Heo et al., 2010; Raud & Vodovozov, 2010; Rooij, 2009;
Dominguez & Jaime, 2010; Keser & Karahoca, 2010). The e-PBL can improve the effectiveness of
learning by the following steps (Barron, 1998; Edelson et al., 1999; Solomon, 2003; Chang & Lee,
2010):

Inquiring: Students inquire and collect of various materials

Reflection: Reflect and learn about the original subject

Selection: Select the appropriate solution

Presentation: Present the project result

Analysis: Analyze the capstone project process and final result

Conclusion: Discuss and share findings and conclusions

However, without good platform, the previous cases cannot be properly stored and reused, and
the achievement cannot be easily assessed. Therefore, in the capstone project learning, PBL using CBR
techniques can provide appropriate learning scaffolding to assist students and improve learning
performance.

ocouhrwdE

3. Capstone Project Learning Platform
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Good strategies with the appropriate learning scaffolding can allow students to obtain the creative and
problem solving abilities with the consideration of the viewpoints of person, the process, the product,
and the environment (Torrance, 1993; Sternberg, 1999). Brainstorming is often used to shorten the
design process (Yu et al., 2011). But, these previous good cases cannot be easily shared and reused
without appropriate learning platform.

In this paper, we use CBR techniques consisting of cases retrieve, reuse, revise and retain to
model the workflow of the traditional capstone project. Creative thinking, which is the first task in the
capstone project, should be free and unrestricted in theory. In reality, the learning resources are limited
in the school's learning environment. For improving students' creative and problem solving abilities, we
apply case retrieval techniques to assist students to achieve learning objectives from previous good
cases, and also design the appropriate learning scaffolding to assist students learning in capstone project.
In the rest of this paper, we use the e-book creative design capstone project as an example to elaborate
our method.

As shown in Figurel, the creative design of e-book can be divided into story design phase, style
design phase, and layout design phase, each of which can be beneficial from project-based learning
platform using CBR techniques. To facilitate the brainstorming and ensure the entire e-book visual
creative design integrity, the platform provides the case scaffoldings and reserves the creative and
problem solving abilities learning portfolio from capstone project repository. The capstone project
repository consists of case file and learning portfolio file. The case file consists of the previous good
cases and the learning portfolio file consists of the teams’ learning portfolio. For the animated fairy tale
e-book, the case and learning portfolio are defined as below.

Case = < c-id, story-kw, user, synopsis, style-kw, style, layout-kw, layout, member, role, task >
where c-id is used to denote the id of the case,
story-kw is used to denote the keywords about the story design phase of the case,
user is used to denote the users that the e-book is created for,
synopsis is used to denote the synopsis of the story,
style-kw is used to denote the keywords about the style design phase of the case,
style is used to denote the style of the case,
layout-kw is used to denote the keywords about the layout design phase of the case,
layout is used to denote the layout of the case,
member is used to denote the members of the students,
role is used to denote the role of the member in the team,
task is used to denote the members’ task in the team.

Learning portfolio = < c-id, (P1, S1, M1, Ty, O1), (P1, S2, M2, T2, O2), --+, (P, Si, Mj, T, Oj), -++, (P3, Sa,
My, Ta, 04) >
where c-id is used to denote the id of the case,
Pi is used to denote the i-th phase of the platform, for i=1, 2, 3,
S; is used to denote the j-th step of the phase, for j=1, 2, 3, 4,
M; is used to denote the members who participate in j-th step of the phase,
T; is used to denote the members’ task in j-th step of the phase,
O; is used to denote the outcomes in j-th step of the phase.

For different design phase, according to the characteristics of case, we also define the similarity
functions to retrieve appropriate cases. The values of the similarity function are between 0 and 1. The
higher the value is, the greater the similarity.

Story similarity function = story-kw*0.5+user*0.2+ synopsis *0.3
Style similarity function = style-kw*0.7+style*0.3
Layout similarity function = layout-kw*0.7+layout*0.3

The project-based learning platform based on e-PBL consists of four steps: similar case inquiry,
brainstorming, collaborating, and discussing, where the modified CBR including Case retrieve, reuse/
revise, produce collaboratively, and retain techniques is used to assist students to solve the difficulties
in similar case inquiry, brainstorming, collaborating, and discussing, respectively. The relationship
between platform and the modified CBR techniques is shown in Tablel. Thus, the platform can provide
creative thinking and make up the traditional PBL strategy.
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Tablel. The relationship between platform and the modified CBR techniques.

Steps | The problem-based learning platform e-PBL steps Modified CBR techniques
1 Similar Cases Inquiry Inquiring Case Retrieve
2 Brainstorming Reflection, Selection | Case Reuse or Case Revise
3 Collaborating Presentation Produce collaboratively
4 Discussing Analysis, Conclusion Case Retain

Stepl. Similar case inquiry: According to students’ characteristics and learning portfolio, CBR case
retrieve technique is used to inquire appropriate learning scaffolding in the learning process.
This step corresponds to e-PBL inquiring step.
Step2. Brainstorming: According to the learning scaffolding, CBR case reuse or case revise technique
is used to assist students to brainstorm and trigger creativity in the learning process. This step
corresponds to e-PBL reflection and selection steps.
Collaborating: Students collaborate to stimulate their creativities in the learning process. This
step corresponds to e-PBL presentation step.
Step4. Discussing: CBR case retain technique is used to clarify the capstone project and assist students
to discuss and share their experiences in the creative process. This step corresponds to e-PBL

Step3.
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Figure 1. Project-based learning platform using CBR techniques
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The project-based learning platform is a multi-step spiral learning model, as shown in Figure2.
In the spiral creative learning model, the learning objectives can be gradually achieved from outside to
inside, where each spiral consists of similar case inquiry, brainstorming, collaborating and discussing to
be able to preserve the integrity of design and creativity in e-book production process.

eiBo-pk Stepl : Similar Case
Step4 . Discussin opic " Inquiry

CBR case RETAIN technigue e-Book
is used to clarify the capstone Story
project and assist students
discuss and share their

experiences in the creative
process.

According to students”
characteristics and learning
portfolio, CBR case
RETRIEVE technique is
used to inquire appropriate
learning scaffolding in the

e-Book

ﬂ—‘-‘o

learning process.

Step? : Brainstorming
According to the learning
scaffolding, CBR casc
REUSE or case REVISE
technique is used to assist
students to brainstorm and
trigger creativity in the
learning process.

Step3 : Collaborating
Students collaborate to
stimulate their creativities
in the learning process.

Figure 2. Multi-step spiral PBL learning model

In the animated fairy tale e-book project, the team has four members to produce the e-book in
accordance with the story design, style design, and layout design in capstone project.

Story design phase

Stepl. Similar Case Inquiry

This fairy tales of the e-book is created for children. In the beginning of the production, the
team members discussed and decided the protagonist of the story is bear cub and the story type is
“Explore”; the bear cubs are the main material of the e-book; the story keyword could be “Explore”,
“Fantasy” or “Journey”. Then, appropriate cases with high story similarity will be retrieved as the
scaffolding.
Step2. Brainstorming

Using the learning scaffoldings retrieved from stepl, the team members can create a variety of
story synopsises through reusing or revising the scaffoldings.
Step3. Collaborating

The team members collaborate to consolidate a variety of story to a final version.
Step4. Discussing

In this step, the team members discuss and clarify the learning process of the design phase and
share their experiences with each other. The teacher observes and records learning performance as the
reference of the next stage. After this step, the team will go back to stepl and start the next learning
process.

Style design phase
Stepl. Similar Case Inquiry
The team members discuss and decide the style of the story is “Interstellar”. The story keyword

could be “Star”, “Astronomical” or “Universe”. Then, appropriate cases with high style similarity will
be retrieved as the scaffolding.
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Step2. Brainstorming

Using the learning scaffoldings retrieved from stepl, the team members brainstorm a variety of
style through reusing or revising the scaffoldings.
Step3. Collaborating

The team members collaborate to consolidate a variety of style to a final version.
Step4. Discussing

In this step, the team members discuss and clarify the learning process of the design phase and
share their experiences with each other. The teacher observes and records learning performance as the
reference of the next stage. After this step, the team will go back to stepl and start the next learning
process.

Layout design phase

Stepl. Similar Case Inquiry

For the creation of animated style fairy tale story, "Kids’ story house” is retrieved from the case
repository to be the learning scaffolding in this phase. As shown in Figure3, this is the 1-1-2 frame. The
page is divided into upper and lower parts. The upper part of the page is divided into left and right areas.
The left area is the logotype area and the right area is the function area. The lower part of the page is
content area displaying the contents of the page.

Function Area

Logotype Area —1{ . e

Content Area

L e TN S O renares 10
SR SRR B ornsearn 0

Figure 3. Inquiring the learning scaffolding by CBR case retrieval technique

Step2. Brainstorming

Using the learning scaffolding retrieved from stepl, the team members create a variety of
different schemes, as shown in Figure4. The more schemes, the higher the degree of the students'
creativity is stimulated. We find that the schemes have the following common features: (1) bear cubs, (2)
1-1-2 frame. We believe that the learning scaffolding retrieved from stepl has a great impact on the
students' production.
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Figure 4. A number of schemes for the layout design of the animated fairy tale story

Step3. Collaborating

All of the members participate in this step. Team members state the creative ideas about the
schemes generated in step2. Through voting or asking teacher for advice, consolidate these schemes
into feasible solutions, as shown in Figure5.

‘_l

Figure 5. Converging collaboratively a number of schemes into one scheme

Step4. Discussing

In this step, students discuss and clarify the learning process of the design phase and share their
experiences with each other. The teacher observes and records students' status and learning
performance as the future reference.

4. Experiment and Findings
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4.1 Experiment

Eight students who study the capstone project course are divided into experimental group and control
group to complete the e-book visual creative design in the experiment. In accordance with the story
design phase, style design phase, and layout design phase to complete the e-book visual creativity, each
phase lasts for a week for two groups of students, where the experimental group used the project-based
learning platform in each e-book production phase and the control group only used the traditional PBL
learning strategy to produce the e-book.

The experimental result shows that the number of creative ideas proposed in the experimental
group is more than that in the control group in the design phases of visual creativity, as shown in Table2.

Table2. The comparison of the guantities of creative ideas between the experimental group and control
rou

Story Design Phase Style Design Phase Layout Design Phase
Experimental Group 8 9 14
Control Group 2 4 3

For understanding the students' inner thoughts and feelings, we designed a questionnaire and
performed an in-depth interview about the capstone project process. The gquestionnaires consisting of 6
items were revised from Wang and Hwang (2012) and Hwang et al. (2013) questionnaires. The
questionnaire result shows that the experimental group thought that the learning scaffolding could
benefit the brainstorming, and the final result of the design is consistent with the initial design idea.
With the guidance of learning scaffolding, the pressure and discomfort of the students in the capstone
project process can be reduced, and the experimental group felt more confident in the learning process.
Such a feeling is very important for e-book production. In particular, the students believed that the
relationship among the team members is better than before.

According to the in-depth interview results, the experimental group thought that in the story
design phase, the creativity is not easy to present due to the difficulty of use of the unfamiliar software.
The students are more proficient and more creative in the style design phase and layout design phase.
We may conclude more learning scaffoldings are needed to inspire students thinking and to motivate
the frequent interaction between the team members.

During the capstone project process, the experimental groups are apt to help each other to create
a number of different schemes due to the understanding of each member's status. In many schemes,
there are also some good creative ideas, and the team members can then collaboratively work out the
final solution. During the discussions step, students express their views and ideas and record it as the
reference in the next learning process.

On the contrary, the control group said they sometimes could not easily show up their ideas and
could not design the outcome that they desired. Students sometimes asked the teacher to give advises,
but most of the time they searched the relevant works to reference. The control group students could
complete the tasks finally without collaboration in the capstone project process, so their design products
are most likely worse than those of the experimental group's.

4.2 Findings

We have two findings:

1. The students sometimes have insufficient creativity in the capstone project, and they need good
learning scaffolding as a seed to inspire. Thus, exploring an appropriate case as learning
scaffolding can inspire students' creativity and problem solving brainstorming.

2. Learning the conducting of a capstone project can be divided into many phases, each of which
has its creative target. The students' learning performance can be improved in our proposed
multi-phase learning process.

5. Conclusion
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For creative and problem solving abilities learning, we have developed a project-based learning
platform which is a spiral model using the CBR case retrieve, reuse, revise, and retain techniques to
assist students to solve the difficulties in case inquiry, brainstorming, and discussing, respectively.
Therefore, it can provide the case scaffoldings and reserve the creative and problem solving abilities
learning portfolio in capstone project. According to the students' characteristics and learning portfolio,
the platform can be used to trigger students' creative thinking and assist teacher to easily assess the
students’ achievements of the capstone project. The experimental result shows that the given
appropriate learning scaffoldings can guide students to improve the creative and problem solving
abilities. In the near future, we will focus on the acquisition and analysis of the learning portfolio.
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Abstract: Taking into account of students with intellectual deficits and special needs in concept
learning, this research designed a digital game for a fourth grade elementary student with mild
intellectual disability to learn the concept of triangle. The participant’s experience of learning
from the game and the impact of the game on his learning gains on the introduced concepts of
triangle were explored. This study adopted the A-B-A' research design of the single-subject
model. One 4" grade elementary student with intellectual disability was recruited as the
research participant. The experiment included three stages: the baseline, the intervention, and
the retention. The participant's level of satisfaction towards the game was collected via
observation and interview using the game satisfaction questionnaire. Moreover, the
participant’s performance on the tests embedded in the game was collected throughout the
experiment. Two major conclusions are obtained. The participant is satisfied with digital
game-based learning process. The designed digital game is effective in helping elementary
students with intellectual disabilities to learn the concepts of triangle.

Keywords: Mobile game, intellectual disabilities, mathematical game

1. Introduction

Students with intellectual problems usually suffer from inattentive, short-term memory deficit, low
logical thinking, and feel difficult in concept generalization (Drew, Hardman, & Logan, 1996; Langone,
1990). While learning, they are easily distracted, not being able to concentrate on the important
messages delivered by the instructor. They also have difficulty in processing and memorizing the
declarative knowledge and procedural knowledge (Crane, 2002). Specifically, they are deficient in
synthesis, reasoning and learning abstract concepts. Those physical limitations lead to their difficulty in
understanding and applying the basic mathematical principles to solve complex mathematical problems,
which further results in their failure and frustration in learning mathematics. Therefore, it is necessary
to provide them with individualized learning support and guides to accommaodate their special learning
needs.

As suggested by the literature in the special education, organization and presentation of the
learning content, workout examples and constant practice might help to facilitate the learning process
(Katai & Toth, 2010; Ministry of Education, 2011). First, the short-memory deficit limit the amount of
the content the students could process simultaneously; therefore, task-analysis is usually adopted to
break the content into even smaller meaningful pieces to avoid the cognitive overload. Then the
contents are re-chucked based on students’ cognitive structure. Second, more concrete worked
examples are essential to help them understand the meaning and generalization of complex concepts.
Multimedia presentation of contents might attract their attention and help them to visualize the concepts
such as geometric figure and solid figure. However, since the students are easily distracted, message
irrelevant with the learning content should be avoided. Third, constant and deliberate practice with
timely feedback becomes essential to their mastery of the learning content.

A well-designed mobile game, such as breaking-through-the-barricade game, in which the idea
of drill-and-practice is embedded, could serve as a learning tutor for the students with intellectual
disabilities. The content to be learned in the game could be reorganized into smaller pieces and
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re-chunked according to the structure of the concepts to be learned and students’ cognitive structure.
Besides, the learners are allowed to observe and interact the multimedia presentation of the content.
Moreover, the test-items presented in each barricade could be sequenced based on the item-difficulty.
The game could offer the students with constant practice and instant feedback to help clarify any
misconception about the content.

Taking into account of these students’ problems, this research aim to design a mobile game for
a 4" grade elementary student with intellectual disabilities to learn the concept of triangle. The impact
of the designed game on the participant’s learning gains and his experience of learning from the game
were explored.

2. Method
2.1 Research Participant

One 4th grade elementary student with mild intellectual disability is recruited as the research
participant. His performance in the Wechsler Intelligence Test is 67. In math learning, she reports
difficulty in understanding the concepts of geometry. Specifically, despite the facts that she can
describe the definitions of several types of geometry graphs, when given several geometry graphics, she
are not able to identify the correct graphics of a specific type of geometry. Moreover, she has difficulty
in reasoning through a complex problem.

2.2 Research Design

The A-B-A' design of the single-subject model was adopted. The instructional goal of the designed
mobile mathematics game (intervention) is to develop the subject’s knowledge in regard to triangle.
The experiment included three stages: the baseline, the intervention, and the retention. (1) The baseline
stage: The subject received traditional instruction on the topic of triangle in class for two weeks. Her
performance on the test of triangle is collected 5 times after instruction. The data is used as the baseline
data. (2) The intervention stage: The subject received individualized instruction with the designed
mobile mathematic game implemented after class for five weeks. Her performance on the test of
triangle was collected 15 times during this period. (3) The retention stage: After the intervention, the
subject’s performance data of the same topic was collected again. Additionally, the participant's level
of satisfaction towards the game was collected via observation and interview using the game
satisfaction questionnaire as well. The implementation procedures are described as follow:

2.2.1 Intervention: the Mobile Mathematical Game

The game is designed to facilitate the player’s understanding of three units: types of triangle, the
features of triangle, and congruent graphics, including congruent triangles, square, parallelogram etc.).
In corresponding to the special needs of the participant, the texts and explanation delivered in the game
is written by a teacher with expertise in special education and mathematics. Besides, the participant is
deficiency in catching the abstract concept, such as “rotation of the graphic”; therefore, animations are
used to visualize the rotation of different introduced graphics. Furthermore, the practice with instant
feedback was designed in the game.

The mobile mathematic game is developed using the App Inventor 2 and the game could be
used in the Android-based mobiles. The starting page of the game includes four icons:

(1) the “story” icon directs the player to read the story and the mission of the player; (2) the
“help” icon directs the player to access the instruction of playing the game; (3) the “game-start” icon
directs the player to start the game journey and (4) the “game-record” icon allows the player/instructor
to retrieve her performance in the game.

Three barricades corresponding to the three units were embedded in the game. In each
barricade, the player starts learning the concepts with the instruction and explanation which are
presented by animated graphics and texts (see figure 1). Then the player proceeds to take a practice,
containing 5-10 question-items. She has to answer the item within time limit (ie., the time left is shown
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in the right-upper corner of the figure 2). The “hint” button presented at the right allow the player to
decide whether to read the hint before answering the question item. Once the player answer the question
and click the submit button, she will be given 10 second to examine the mistake if her answer is wrong.
Then, the detail explanations for the four options of the question are provided as the feedback. The score
of the whole practice is updated with each question answered. After the practice, she has to take a test in
order to break thought the barricade and proceed to the next one. The goal of game for the player is to
break through the three barricades embedded in the game.
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Figure 1. The Interface of Unitl: Triangle
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Figure 2. The Example of the Question-item Presented in the Practice

2.2.2 Dependent Variable

Two dependent variables examined in study are level of satisfaction toward the game, and mathematics
performance. First, the level of satisfaction is defined as the ease of the operation, usefulness of the
game and perception toward this type of learning. The data was collected via interview and the
interview protocol was modified from the game-satisfaction questionnaire developed in the study of
Hwang, Sung, Hung, Yang & Huang (2012). Second, the mathematics performance is defined as the
scores gained on the ten test-items of each unit (i.e. types of triangle, the features of triangle, and
congruent triangles)

3. Results
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3.1 Level of Satisfaction toward the Game

The interview results showed that the subject felt the ease of operating the game and learning the
concept of triangle within the game interface. Besides, she reported that the animated graphics
facilitated her understanding of the complex concepts of triangles. With the game mechanism such as
time limit, hint and feedback, she concentrated on taking the practice and test in order to break through
the barricades. Last, she felt that it was more interesting to learn mathematics in this way. She likes the
game and would recommend this game to her classmates.

3.2 Mathematical Performance

As shown in figure 3 which presents the learning curve of unitl, in the baseline stage, the participant’s
performance is very low with the average score at 18. In the intervention stage with the game
introduced, the performance scores are increasing to 82.67. In the retention stage, the average score (86)
is higher than those in the baseline stage. The results supported the positive effect of the game on the
participant’s learning of unit 1.
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Figure 3. Performance Data Distribution at Unit 1

As shown in figure 4, which presents the learning curve of unit2, in the baseline stage, the
participant’s performance is low with the average score at 21. In the intervention stage, the performance
scores are increasing to 85. In the retention stage, the average score (94) remains high. The results
supported the positive effect of the game on the participant’s learning of unit 2.
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Figure 4. Performance Data Distribution at Unit 2
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As shown in figure 5, which presents the learning curve of unit3, in the baseline stage, the
participant’s performance is low with the average score at 19.23. In the intervention stage, the
performance scores are increasing to 84.29. In the retention stage, the average score (82) is remains
high. The results supported the positive effect of the game on the participant’s learning of unit 3.
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Figure 5. Performance Data Distribution at Unit 3

4. Conclusion

Two major conclusions are obtained. The participant is satisfied with the mobile game and the
game-based learning process. As reported by the participant, it is easy to operate the game and
interesting. The “barricades” design and the pace of the game could keep the participant concentrate on
the gaming process, especially on answering questions. Her perception of the usefulness of the game
also motivated her in learning the math with the game. Moreover, the designed mobile game is effective
in helping the elementary student with intellectual disabilities to learn the concepts of triangle. The
visual presentation of the abstract concept and principles helps the participant to understand the
complex concept of triangle. Besides, the participant could observe diverse examples of triangle, which
facilitates her in concept generalization. The design of barricades offers her the opportunity of constant
practice with feedback, which helps her to process and memorize the concepts and clarify
misconception.
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Abstract: The goal of the project was to introduce a computer-supported modeling activity
for biology majors to apply to their understanding of neurons. The activity stressed students’
practice of modeling a biological system to learn physics concepts, or vice versa. We
introduced an innovative computer-assisted activity to promote the appropriate integration
of physical models that could motivate students to see the relevance of physics to a
biological system for self-assessment purpose during the learning process. Students
manipulated the values of circuit elements experimentally using Yenka software, which
allows easy access to simulated science laboratory activities, in order to highlight
underlying concepts. The learning activity was tailored for life sciences majors taking
introductory biology in their freshman year (n, = 164). We leveraged students’ prior
knowledge of the underlying mechanism that drives sensory or motor action (e.g., vision or
muscle reflex) and applied that understanding in constructing the circuit simulation on
Yenka software. Three electrical models were provided on Yenka for students to manipulate
in order to simulate the equilibrium potential, membrane potential, and action potential in
neurons. Based on response to an end-of-session question, more than three-fourths of the life
sciences majors (75.6%) perceived the modeling activity to be at least ‘somewhat helpful’
for their learning experience. This study is important because it presents a computer-assisted
technology used in teaching/learning physics or biological phenomena in class and in the
laboratory. It supplements conventional instruction of neuron or circuits with simulations,
computer modeling, experimental data processing, and analysis of graphics obtained during
the activity. Educational implications are discussed.

Keywords: computer-supported modeling, Yenka program, neuron, circuit, sSimulation

1. Introduction

Models and modeling practices are crucial in scientific reasoning and inquiry and are often used as
simplified representations for describing or visualizing micro- and macro-level phenomena (Cheng
& Brown, 2015; Gilbert, 2006). In addition, appropriate integration of physical models motivates
students to see the relevance of physics to biological systems. In view of this, a project to introduce
a computer-supported modeling activity for biology majors to apply to their understanding of neuron
and circuits was proposed, where the practice of modeling a biological system to learn physics
concepts or vice versa is stressed. This project investigates students’ perceptions toward practicing
their interdisciplinary modeling knowledge with the assistance of computer technology, using a
student-centered assessment approach. To achieve this goal, the laboratory activity is designed in a
way so students can connect with their prior knowledge of biological phenomena. In other words,
the biology or physics concepts were not linearly introduced from a textbook but were included in
the computer-assisted modeling activities as it became necessary to understand the target
phenomenon. Concepts are believed to be retained better by learners in this way (Gilbert, 2006). In
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addition, it brings out the important task of a scientist to create models, so that students not only
acquire declarative knowledge but the procedural knowledge through model-building.

Science concepts are usually represented as simplified models to help people perceive the
world. We used Namdar and Shen’s definition (2015) of model—“a human construct used to
describe, explain, predict, and communicate with others a referent such as a natural phenomenon, an
event, or an entity.” (p.994) scientific models can be found in the form of diagrams, physical
replicas, mathematical representations, analogies, and computer simulations. (NGSS Lead States,
2013). We adopted the computer simulation as our means of constructing scientific models. An
innovative computer-assisted activity was introduced in this study to promote the appropriate
integration of physical models that could motivate students to see the relevance of physics to
biological system. Students’ prior knowledge of the underlying mechanism that drives biological
senses and action (e.g., vision or muscle reflex) was leveraged and applied to the construction of
scientific models.

Without a proper scaffolding process in constructing models, however, students often
encounter problems during the modeling process because it is believed to associate with
more sophisticated reasoning (e.g., intentional integration and establishment of connections among
data, causal-effect relationships, transfer between dynamic and static representations, etc.) (Gobert
& Clemen, 1999). Educators agree that careful scaffolding and context-oriented modeling is
essential to guide students to use relevant explanations and models to account for phenomenon in
their daily lives (Gilbert, 2006; Krell, Reinisch, & Kriiger, 2015). Computer-assisted learning tools
are thus introduced to facilitate the scaffolding processes; while the contextualization of physical
models of a biological system provides context-oriented modeling, and also avoids students
perceiving textbook models as isolated, non-transferrable facts. One of the purposes of adopting a
computer-assisted modeling practice is to allow the classroom instructors to shift away from rote
memorization of scientific principles.

In this study, we aimed to create a scaffolding activity in which students could behave as
scientists and approach phenomena as scientists approach them by modeling biological systems and
applying that in understanding the physical models on the computer-assisted learning environment.
The modeling practice is not only applied in the biology lab but also contextualized in understanding
the phenomenon. We will focus on the discussion of adopting neuron models by constructing
circuits in this study.

2. Methods
2.1 Computer-Assisted Modeling—The Yenka Software

Yenka is a modeling and simulation software platform for mathematics and sciences education. It
allows students to build circuits using a set of basic electrical components (see Figure 1). Notice that
the background image with channel proteins embedded on neuron membrane were either retrieved
from the textbook Principles of Biology (Nature Education, 2014) or created by instructor. An
electrochemical gradient governs the movement of ions across the membrane of a neuron. The
electrical properties of neurons can be readily modeled by an electrical circuit. The concept of the
electrical potential in a physical science textbook was introduced in the context of the driving force
behind the electrons.

Students manipulated parameters associated with the Yenka models, with possible
predictions beforehand. For instance, the resistances in the equilibrium potential model represented
concentrations of the ions (see Figure 1). Students could change the inside and outside
concentrations to see how this affected the equilibrium potential. They could make a plot of the ratio
of the inside to outside concentration versus equilibrium potential and then draw
conclusions. Another example is for the membrane potential. The parameters were the equilibrium
potentials of the two ions represented by batteries and the permeabilities of the two ions represented
by resistances. Students manipulated these and saw the effect on the membrane potential. For
instance, students could choose a scenario where the leakage channels of potassium were blocked by
one-half by a certain venom and see the effect on the membrane potential. The students collected
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data to see how the membrane potential varied with each parameter. These could be plotted,
discussed and subsequent conclusions could be drawn. The main purpose of all these activities for
us was for students to query the models to get a deeper knowledge of the underlying biological
phenomenon. The Yenka models could be applied with different objectives, such as a way to design
an artificial neuron.
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Figure 1. The figure shows some basic components for constructing basic circuits enlisted in the
pop-up window entitled “Basic Circuits.”

Borrowing the analogous concept of electrical potential in a circuit context and the nervous
system, the instructors were able to provide the context-oriented learning environment in order for
learners to understand the three different kinds of potential under discussion—equilibrium potential,
membrane potential, and action potential.

2.1.1 Equilibrium Potential

The equilibrium potential of an ion is when the diffusion and electrical gradients acting on that ion
species are balanced. No net movement of that ion across the membrane is detected. In the Yenka
software, the computer simulation is set up as in Figure 1, where the concentration of the designated
ion is represented as the resistance inside and outside of the cell without the sodium pump involved.
When both of the ion concentrations, inside and outside of the membrane, equal each other the
equilibrium potential is 0 mV, meaning that there is no potential difference across the membrane,
thus, no net movement of an ion of its kind in the neuron.

To scaffold the scientific modeling process, guiding questions were posed to direct their
interaction with the Yenka software. Some representative questions to scaffold the understanding of
equilibrium potential are provided below:

Example question #1: Manipulate the concentrations of potassium inside and outside of
your Yenka model for equilibrium potential as shown in Table 1 and record the resulting equilibrium
potential. Plot and insert an Excel chart representing K+ equilibrium potential as your Y axis
(dependent variable) and the inside/outside K+ concentration ratio as your X axis (independent
variable).
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Table 1: Effect of the K+ concentration inside and outside a neuron on K+ equilibrium potential.

Concentration of Concentration of K+ OUTSIDE (mM)
K+ INSIDE
(mM)

10 100 1,000 10,000

10
100
1,000
10,000

Example question #2: What is the actual concentration of potassium inside and outside a neuron
for a human? What is the resulting equilibrium potential?

In example question #1, students were asked to manipulate the concentration of ions and to
present their data graphically, while question #2 asked students to find and use the actual ion
concentrations found in neurons. The immediate application of simulated results helped connect the
physical models with the biological systems.

2.1.2 Membrane Potential

The membrane potential of a neuron indicates the difference in electric potential inside and outside
the cell. It is different from the equilibrium potential because it is a cumulative effect of all ions that
are permeable to the membrane instead of “one particular ion.” Two important features for the
establishment of a membrane potential are the ion-specific leakage channels (passive action) and
Na*/ K* pump (active action). Specifically, when neurons are not sending signals, the membrane
potential is said to be at resting membrane potential (or resting potential). The resting membrane
potential is about -70mV for humans, where interior is more negative than exterior. It is the result of
the fact that there are more K* leakage channels than Na* ones. So, the resting potential is closer to
the equilibrium potential of K*.
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Figure 2. The circuits models the membrane potential of the neuron in Yenka software.
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In the Yenka software, the computer simulation was set up as in Figure 2. In addition to
using the resistance as the representation of the flow of ions, students were able to change the value
of equilibrium potential by adjusting the “Voltage” slider. The value is derived from the computer
simulation model of the previous activity (e.g., Example question 1 in 2.1.1).

Some representative questions to scaffold the understanding of membrane potential are
provided below:

® Manipulate the permeability of the membrane such that it is equally permeable to

sodium and potassium. What is the resulting membrane potential?

Table 2. Effect of the relative permeability of the membrane to sodium and potassium on the
membrane potential

Membrane permeability to potassium

Membrane
permeability to | High Medium Low
sodium
High
Medium
Low

® Manipulate the permeability of sodium and potassium channels such that the resting
membrane potential is equal to -70mV. Calculate the corresponding ratio of
sodium/potassium permeabilities.

2.1.3 Action Potential

Action Potential is one of the two types of changes in neuron’s membrane potential. It is triggered
when voltage reaches threshold with the onset of depolarization and then hyperpolarization.
Depolarization indicates the opening of Na* gated channels, while hyperpolarization indicates the
opening of K* gated channels. (see Figure 3a).

<

hyperpolarization

Membrane potential (mV)

depolarization

\
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Figure 3a. The change of membrane potential in an all-or-none action potential with the progression
of time (ms).
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In the Yenka software, the computer simulation was set up as shown on Figure 3b. In this
setting, a new feature was introduced for students to observe simultaneous graph plotting while they
turn on and off the switches that represent the voltage-gated sodium/potassium channels.

Equilibrium potentials that
depend on concentrations

Outside

O

Switches open/close to represent
closing/opening of voltage-gated
channel

Voltage-gated A
Sodn_;)m channel Ieak,:gr: _ O Plolass‘u'“ volut_e-galed
A i O A leakage Potassium channel
A A channel O A )
A 7 O A A o A A A 1nside ‘
(mv) A .
B : o
—— E e Graph showing insid I
Vot o £ 5 Bl | (nitefsssnon Egniakiaf v
. e = % g |
a0 £ y<)
7:3 E 2 4 |l 6 8 10 o
(s) ¥ Simulation time L Oblects. af Edit L J it 3 : i
Figure 3b. The circuit simulation model that replicates the action potential of the neuron in Yenka
software.

The following question was provided to scaffold the application of the circuit model in order
to replicate the action potential using the Yenka software:

Open and close voltage-gated sodium and potassium channels by following the order in
which they open and close during an action potential. You can record the voltage changes over time
by clicking Yenka/edit/pause. Insert a screenshot of your Yenka model. Note that the x-axis in an
actual action potential is represented in ms; however, in the simulation seconds were used. The
depolarization and hyperpolarization was correctly represented by the Yenka simulation plot,
however, the plateau around the fifth second is due to the delayed closure of voltage-gated sodium
channel.

2.2 Participants

The learning activity was tailored for life sciences majors in a small college in the Southeastern
United States of America. The students were taking introductory biology in their freshman year (n, =
164). In one class meeting students discussed and presented analogies of neuron physiologies, and
the next session was spent on the Yenka activity.

2.3 Data Collection and Analysis

We administered 10 questions related to neuron concepts as pretest and posttest. To determine
whether students’ performance on both tests were significantly different after Yenka activity, we
applied paired samples T-test to analyze the data. Students’ perceptions toward the three Yenka
activities were collected by an end-of-session 5-level Likert-Scale question: What do you think
about the “Yenka Models of neuron physiology” activity in the lab? (e.g., extremely helpful, very
helpful, moderately helpful, somewhat helpful, and not helpful).
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3. Results and Discussion

There was a significant difference in the scores for pretest (M = 3.30, SD = 1.501) and posttest (M =
4,54, SD = 2.067), t(152) = -4.691, p = .000. The preliminary result indicated that the students
understanding of neuron was better after the learning activities in class. However, we did not have
the performance of a control group as baseline data to see whether students’ achievement was better
than previous year. The percentage for students’ perceived helpfulness for Yenka activities was:
extremely helpful (16.5%), very helpful (14%), moderately helpful (18.9%), somewhat helpful
(14%), and not helpful (24.4%).

More than three-fourth of the participants perceived the student-centered modeling practices
on Yenka software to be at least ‘somewhat helpful” for them to learn different potential concepts.
This finding is substantial in the following ways. First, because students not only actively engaged in
modeling practices, but also continuously carrying out the self-assessment about their understanding
of neuron model on Yenka by manipulating the parameters. However, there was still approximately
a quarter of students who found Yenka activity to be ‘not helpful’ for their learning. This finding
could be due to several reasons: First, because the modeling activity was introduced late in the
semester, not enough time was allotted for students to fully explore the Yenka activity in the
laboratory. Besides, one of the sessions encountered technical difficulty when opening Yenka
software, so even less time was designated for that particular group to participate in Yenka in a
meaningful way. Even with time constraints, in order to receive constructive feedback to their model
modification, more professional training for instructors to take advantage of modeling practices was
recommended.

Second, even though we guided students with step-by-step scaffolding questions during the
neuron modeling practices, some students were still not able to appreciate the inclusion of a model
during learning processes. Since this process was mainly done through the worksheet in this study,
we recommend that more in-time face-to-face scaffolding process could be adopted by instructors.
In this way, more structured personal communications as means of scaffolding processes can be
introduced and incorporated during students’ Yenka activity in order to supplement the relatively
passive scaffolding (i.e., written responses on the worksheet).

Third, the participants in this study had not been introduced to physical sciences concepts
related to circuits. We plan to revisit the neuron concepts longitudinally when these freshman life
science majors take physics class in the third year as a spiral curriculum design. In this very first
exposure to the modeling practice, brief introduction of how the unfamiliar physical sciences
terminologies are used in nervous system should be provided prior to Yenka activity. For instance,
potential, voltage, resistance, and concentration gradient of ions, etc, might not be readily
comprehensible by life sciences majors. This might supplement the application of such concepts in
understanding neuron. Future research should be done on more careful curriculum design to foster
such interdisciplinary collaboration and understanding.

Because the student participants in this study had not taken the physics course, explicit
contextualization of each concept on the Yenka model as well as how such understanding could be
applied to understand biological systems would be highly recommended. Such conduct would
gradually foster the habit of mind to think and create models beyond disciplinary constraints, as
most of the real life problems transcend well-defined disciplines.

The study is important because it presents the computer-assisted technology used in
teaching/learning physics or biological phenomena in class and in the laboratory. The scaffolding
processes in the form of guiding questions were provided as reference for other educators who wish
to adopt the learning of neurons with computer simulations. It supplements conventional instruction
of neuron or circuits with simulations, computer modeling, experimental data processing, and
analysis of graphics obtained during the activity.
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Abstract: In this paper, we describe an e-Learning system that can help novices to learn how to
develop some workable programs in a short period of time and assess their performance. The
system takes advantage of computer and network technologies and combines the concept of
flipped classroom to help the instructor and students in their teaching and learning activities.
The preliminary study shows that the platform can indeed assess the students’ performance and
consequently help the students to learn programming languages more effectively and
efficiently.
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1. Introduction

Recently, the new concepts of the flipped classroom, student-centered learning (Jones, 2007),
(Hannafin and Hannafin, 2010), (Johnson, 2013), (Crumly, 2014), (Young and Paterson, 2007), and
problem-based learning in combination of advances in computer technology have led to a renewed
interest in developing e-Learning systems (Richey, 2008), (Garrison and Anderson, 2003), (Nikhilesh
and Karforma, 2012). In an extreme case, student-centered learning requires students to set their own
goals for learning, and determine resources and activities that will help them meet those goals
(Jonassen, 2000). However, in practice, this idea case may not happen very often unless the students are
highly motivated by themselves. Therefore, in most practical cases, an instructor may use various
blended learning methods for his pedagogical strategy. In particular, with the help of computer and
network technologies, it is possible to develop an e-Learning system that can easily incorporate the
concepts described above to form an interesting learning environment. In this paper, we develop such a
system to effectively and efficiently help college students to learn how to write programs in an
“introduction to computers” course.

In section 2, we briefly review the related concepts used in our system, such as flipped
classroom, student-centered learning, and problem-based learning (Hmelo-Silver and Cindy, 2004),
(Schmidt, Henk, Rotgans, Jerome, Yew, Elaine, 2011), (Neville and Alan, 2009). In section 3, we
discuss the ideas of designing the e-Learning system. In section 4, we show how the system is used in
practice, assess students’ performance, and how the system can effectively and efficiently help the
students to learn a programming language. In section 5, we describe the results of our experiments of
the system. In section 6, we discuss the advantages and disadvantages of the system. Finally, we give
conclusions in section 7.

2. Related Background

As far as an instructor is concerned, it is much easier to simply present whatever materials are in the
textbook than to do something else such as diagnosing students’ learning problems and making efforts
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to help each individual student. Therefore, traditionally, most instructors prefer to give lectures rather
than any other teaching activities. Consequently, in the traditional model of classroom instruction, the
teacher typically gives lectures, is the central focus of a lesson, and is fully in control during the class
time. Since the instructors simply disseminate the knowledge in the textbook, normally students do not
really find too much difficulty to learn the pure knowledge. In particular, in most Asian countries
normally students just passively listen to the lectures and keep quite instead of actively asking questions
in classroom even though they do have some problems with the materials the instructor teaches. In other
words, most classroom are didactic and entirely content oriented without considering whether the
students really learn what they are supposed to learn. In order to ensure that the students really learn the
teaching materials, instructors normally assign some homework for the students to take home and
exercise the related works. Generally speaking, students typically do not really find any problems with
the learning materials until they are asked to apply whatever they learn to solve a real problem. In other
words, they usually find difficulty when they do their homework that are assigned to them to do after
class.

The concept of flipped classroom is an attempt to remedy this problem. It is an instructional
strategy of blended learning that reverses the traditional class arrangement by delivering the learning
contents outside the classroom, often on-line, and moving the activities such as doing homework and
discussing specific problems in the classroom. In this case, whenever they encounter any problems,
they can simply ask the instructor or classmates right away and are able to learn more than that in the
traditional class. This arrangement also fits itself into the concepts of problem-based learning and
student-centered learning.

However, in this case, the instructor may still face the problem that students may be doing
something else instead of really working hard on their assignments. In particular, when there are many
students in the classroom, it is virtually impossible for the instructor to assess every student’s work
simultaneously. As a result, many students may be working on something else that may be more
interesting to them, such as a game. Eventually, the students’ performance may not be as good as what
we originally expected.

Therefore, we set out for developing an e-Learning system that can easily assess every
student’s performance implicitly and explicitly so that the instructor can always know the learning
status of every student. Consequently, the instructor can do whatever is necessary to help the students in
learning activities.

3. The Ideas of Designing the e-Learning System

Generally speaking, a student in an information engineering department of a university is supposed to
take a programming language course in which he should learn how to write a workable program.
However, currently in Taiwan, many students still can not develop a workable program after taking
such a course. In fact, this is one of difficult problems we are facing in most universities. Based on our
experiences, the major reason that causes this problem is that students who fail to do so do not really try
hard enough to write a program and test it by themselves. Instead, whenever they encounter some
problems, they simply quit and simply plagiarize other classmates’ work with minor modification so
that their programs do not look exactly the same as others. In some cases, the students may indeed try to
write a program. However, they encounter a lot of problems and nobody can really sit next to them to
help them to solve the problems. In this case, the plagiarism seems to be unavoidable. Since it is
difficult and time consuming for the instructors or teaching assistants to really check through all the
students’ homework to find whether there is any plagiarism, those students can usually get away with it.
Consequently, those students still can not write a workable program after finishing the course. We
believed that if we make use of computer and network technologies in combination with the concept of
flipped classroom, we should be able to solve the problem to some extent.

The features that we want the system to have are the following: (1) We should try to somehow
“force” the students to really write and debug a program on their own. (2) We should somehow assess
whether they are really do the work. In other words, we should make use of computers to collect
formative data for monitoring and assessing the students’ performance as much as we can. (3) Since the
students are novices, most of them have difficulty to discern what is a good/bad program, how to solve
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a specific problem, and so on. Therefore, we should have a mechanism to show them some real
examples done by some students and explain to them about some key points so that students can fully
understand how to solve a real problem and how to avoid some mistakes. (4) We should try to make use
of the concept of the flipped classroom which suggests that we should try to teach less in the classroom
and ask students to do exercises and discuss various problems in the classroom. The students can study
some more learning materials after class by themselves. In particular, as far as programming languages
are concerned, there is no profound theory behind them. All the programming languages just have a lot
of rules that can be easily understood if the instructor can emphasize the important concept in his
lecture. The real difficulty of the programming work is the applications of those rules in a real case. In
other words, we do need to use some real examples to explain to the students about the insight into the
applications of programming languages. Therefore, what the students should do is to really exercise the
programming work.

4. How the System is Used in Practice

At the beginning of each class, the instructor can click at the “ 3R button and ““H 5K

button as shown in Figure 1.
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Figure 1. The webpage for starting out the class

The system will show all the students’ names in the webpage as show in Figure 2. As time goes on and
the students log in the system, the students’ icons will be lit up to show that the students attend the class.
In this case, the fourth student from the left has logged in. The instructor can check the attendance
situation of the class.
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Figure 2. The system will show the students’ names in the webpage.
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In each class, the instructor gives a short lecture to explain the essence of a program statement, such as
a “for” loop. Then, a simple example is given to explain how the “for” loop really works in practice. At
this point in time, the students should have a basic idea about a “for” loop without any difficulty in most
cases. The instructor can begin to give a question and ask the students to write a program to solve the
problem. For instance, the question can be “accept a natural number from the user and compute the sum
of even numbers that are less than the given natural number”. The instructor can click at the button
circled by the red rectangle in Figure 3.
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Figure 3. The webpage for the instructor to give an assignment

The instructor can select whether he wants to give an oral question, an existing exercise
guestion, or generate a new exercise question. For instance, he can give an existing exercise question in
the exercise database. The exercise database is organized in a hierarchical structure as shown in Figure
4,
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Figure 4. The existing exercise questions are organized in a hierarchical structure

The instructor can select which types of the questions he wants as shown in Figure 5.
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Figure 5. The different types of the questions in the system.

The instructor can select one of them for this short quiz or exercise. The system will show the
contents of this exercise for the instructor to confirm whether this is really what he wants. The instructor
can also give an assignment on the spot if he wants. If the instructor confirm this exercise, the system
will ask the instructor to set the time duration for this exercise as shown in Figure 6.
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Figure 6. The instructor can set the time duration for the current exercise.

If the instructor gives two questions in a row, the students will see that the first two exercise
guestions are open as shown in Figure 7. The students can begin to work on their programs (the
exercise) on their computers in the computer room in the department. During this time period, the
instructor can go around the computer room, look for students that need help, and help them to solve the
problems immediately. When the students finish up their programs, they should upload their programs
by clicking at the button “”.
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Figure 7. The first two questions are open and one student has submitted the first answer to the question
one.

The system will show their submission status for each exercise so that the instructor can see
how the students perform. If the time is almost up and most of the students are still working on the
program, the instructor can extend the time period so that the students can continue to work on it. When
the time is up, the system will show the exercise is closed and the students can not upload their
programs. At this time, the instructor can further extend the time period if he wants by clicking a button.
The instructor can also select whether the students can see each other’s program or not. If they can, the
students can click at a button to see other students’ programs. If they can not and the instructor wants to
show the students’ programs, the instructor can select one student’s program to show all the students
and explain the good/bad points in the program to all the students. In Taiwan, all the computers in the
computer room are equipped with a share mechanism for the instructor to show the contents of his
screen to all the students by clicking at a physical button. Therefore, it is very easy for the instructor to
make use of the students’ program as a real example to explain mistakes that usually made by the
students or virtues of good programs.

5. The Results of the Experiments of the System

Since the system will automatically compute the statistics of the time duration of the students spent on
each exercise and the submission rates of each exercise, the instructor can easily understand how the
students perform. The students are told that their performance will be assessed by the system
automatically. Since the students are asked to work on their programs in the computer room, they are
much more likely to really work on their programs in particularly while the instructor is going around
the computer room. Furthermore, the students can easily get help from the instructor or other classmates
whenever they need the help. The instructor can also check the students’ programs at the same time and
understand how the students perform.

At the very beginning of the class, when the students were asked to work on a program, the
students were still not used to the new learning style and were not eagerly work on their programs. They
were just hanging around there to wait and see what is going to happen. In other words, they still
thought that the exercise was similar to other laboratory work in which students were normally chatting
or joking around while doing some experiments.
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After the first exercise, they realized that everything, such as whether they submitted the results, was
recorded. They could see through the system who had submitted a program and who has not.
Furthermore, the instructor could see the submitted programs and even showed someone’s program
anonymously to the whole class and made comments on it. As time went on, they realized that the
system would record everything and the instructor could check who was not really working hard if he
did not really submitted his programs. They gradually realized that they could no longer fool around just
like what they did before. There is no kidding. The system was actually for real. Therefore, they were
getting serious about each exercise and gradually became more and more active learners, and really
tried hard to finish up their programs. As a result, the submission rate became higher and higher as time
went on.

We could also easily observe this situation from the rates at which the students asked questions.
As time went on, more and more students began to ask questions although traditionally Asian students
tend to hesitate to ask instructors for the problems they encountered in their study. However, in our case,
the students were under the pressure to finish up their exercises as soon as possible, they did break their
silence and more vigorously asked questions in an attempt to solve their problems. Furthermore, in
order to encourage the students to ask good questions, the instructor did give extra bonus points if a
student asked an interesting or meaningful questions. This arrangement indeed worked very well since
many good questions were asked in the classroom and many students’ misconceptions were indeed
found. In Figure 8, the instructor and students can check the datamining webpage to see all the data
collected by the system. The instructor can select what kind of statistics he wants to see.
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Figure 8. The datamining webpage of the system.

The instructor can check the attendance status for each class as shown in Figure 9.
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Figure 9. The system shows the attendance status of the class.
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The instructor can also see the attendance status of every class as shown in Figure 10.
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Figure 10. The attendance status of each class.
The attendance statistics of each student can also be seen in Figure 11.
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Figure 11. The attendance statistics of each student.
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In Figure 12, the system shows the submission status of each class. We can see that at the very
beginning, the submission rate is almost zero. As time went on, the submission rate did increase
dramatically.
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Figure 12. The submission rates of the exercises are displayed.
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Since the system will automatically compute the statistics of the time duration of the students spent on
each exercise and the submission rates of each exercise, the instructor could easily understand how the
students perform. The students were told that their performance would be assessed by the system
automatically to some extents. The students could easily get help from the instructor or other classmates
whenever they needed the help. The instructor could also check the students’ programs at the same time
and understood how the students performed.

6. The Advantages and Disadvantages of the System.
6.1 The Advantages of the System

The students feel that although this learning style kind of “forces” them to do the programming work,
they can learn the work more quickly and easily. The programming work is really not as hard as what
they originally thought. Whenever they have problems in the programming work, they have
opportunities to ask the instructor or classmates directly to solve the problems immediately instead of
getting frustrated and giving up eventually. The formative data we collected during the class time and
the statistics we computed show that the students indeed keep improving their programming skill as
well as the motivation to learn. This formative assessment instead of a summative assessment can play
an important role to monitor students’ performance and really improve students’ programming skills
over time. As the students keep improving their programming ability, they are more interested in
writing programs and have much strong sense of achievement whenever they make their programs
workable. Consequently, they become more active learners and even try to develop programs with more
features than what was given by the instructor.

6.2 The Disadvantages of the System

The downside of this learning style is that the instructor who make use of the system should (1) be
enthusiastic about teaching and (2) have enough real experiences about the developments of software
systems. For the first point, since the instructor should go around the classroom and look for the
students’ needs for help, this task is much harder than simply deliver the lecture of the learning
materials that are in the textbook and he is familiar with. For the second point, since most professors
focus on the theoretical aspects of teaching materials