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Preface

The rapid development and popularization of information technology significantly
increase the speed of the generation of human knowledge, which has brought
fundamental impacts on the modes of education and the methods of instruction.
The traditional ways of learning are facing a revolution to adapt to the require-
ments of the information age. In order to facilitate easy, engaging and effective
learning for the learners, current digital learning environment is gradually evolving
into the smart learning environment.

The International Conference on Smart Learning Environments (ICSLE) is a
conference organized by International Association on Smart Learning Environ-
ments. It aims to provide an archival forum for researchers, academics, practi-
tioners, and industry professionals interested and/or engaged in the reform of the
ways of teaching and learning through advancing current learning environments
towards smart learning environments. It will facilitate opportunities for discussions
and constructive dialogue among various stakeholders on the limitations of
existing learning environments, need for reform, innovative uses of emerging
pedagogical approaches and technologies, and sharing and promotion of best
practices, leading to the evolution, design and implementation of smart learning
environments.

The focus of the contributions in this book will be on the interplay of pedagogy,
technology and their fusion towards the advancement of smart learning environ-
ments. Various components of this interplay include but are not limited to:

e Pedagogy: learning paradigms, assessment paradigms, social factors, policy

e Technology: emerging technologies, innovative uses of mature technologies,
adoption, usability, standards, and emerging/new technological paradigms (open
educational resources, cloud computing, etc.)

e Fusion of pedagogy and technology: transformation of curriculum, transfor-
mation of teaching behavior, transformation of administration, best practices of
infusion, piloting of new ideas.



vi Preface

ICSLE2014 received 81 papers from 13 countries and regions. All submissions
were peer-reviewed in a double-blind review process by an international panel of a
minimum of two and maximum of five referees and decisions were taken based on
assessing research quality. We are very pleased to note that the quality of the
submissions this year turned out to be very high. A total of 36 papers were
accepted as full papers in the ICSLE conference; that is a 44 % acceptance rate.
Furthermore, 16 papers were selected for presentation as short papers and another
three as posters.

We acknowledge the invaluable assistance of the program committee members,
who are named on another page. Most reviewers opted to provide detailed com-
ments to the authors, making it a valuable experience for the authors, even if their
submission was not selected for the conference.

With all the effort that has gone into the process, by authors and reviewers, we
are confident that this year’s ICSLE proceedings will immediately earn a place as
an indispensable overview of the state of the art and will have significant archival
value in the longer term.

July 2014 Guang Chen
Vive Kumar

Kinshuk

Ronghuai Huang

Siu Cheung Kong



Contents

A Blended Learning Environment for Enhancing Meaningful
Learning Using Twenty-First Century SKkills. . . ... .............. 1
Gustavo Zurita, Beatriz Hasbun, Nelson Baloian and Oscar Jerez

A Correlative Research on the Relationship Between Awareness

in Collaborative Learning and Its Impact

on Academic Performance. . . .. ....... ... ... ... ... .. ... ... 9
Zhong Keding and Li Nan

A Framework to Automatically Analyze Regulation. ............. 23
Langin Zheng, Moushir M. El-Bishouty, Colin Pinnell, Jason Bell,
Vive Kumar and Kinshuk

A Method for Evaluating Technology-Rich
Classroom Environment . .. ............................... 31
Junfeng Yang

A New Physical-Digital Environment for Discussion

and Presentation Skills Training . .. ......................... 41
Katashi Nagao, Mehrdad Panahpour Tehrani

and Jovilyn Therese B. Fajardo

A Study on the Development of the Smart Classroom Scale . . . . .. .. 45
Bao Ping Li, Siu Cheung Kong and Guang Chen

Accelerate Location-Based Context Learning for Second Language

Learning Using Ubiquitous Learning Log. . . . .. ................ 53
Songran Liu, Hiroaki Ogata and Kousuke Mouri

vii


http://dx.doi.org/10.1007/978-3-662-44188-6_1
http://dx.doi.org/10.1007/978-3-662-44188-6_1
http://dx.doi.org/10.1007/978-3-662-44188-6_2
http://dx.doi.org/10.1007/978-3-662-44188-6_2
http://dx.doi.org/10.1007/978-3-662-44188-6_2
http://dx.doi.org/10.1007/978-3-662-44188-6_3
http://dx.doi.org/10.1007/978-3-662-44188-6_4
http://dx.doi.org/10.1007/978-3-662-44188-6_4
http://dx.doi.org/10.1007/978-3-662-44188-6_5
http://dx.doi.org/10.1007/978-3-662-44188-6_5
http://dx.doi.org/10.1007/978-3-662-44188-6_6
http://dx.doi.org/10.1007/978-3-662-44188-6_7
http://dx.doi.org/10.1007/978-3-662-44188-6_7

viii

Adapted E-Assessment System: Based on Workflow Refinement

Fahima Hajjej, Yousra Bendaly Hlaoui and Leila Jemni Ben Ayed

An Initial Development and Validation of Tablet

Computer Familiarity Questionnaire . . .. ..................

Xiaoxia Zheng, Wei Cheng, Bing Xu, Guang Chen
and Ronghuai Huang

Analysis of Elementary Teachers’ Readiness for Smart

Learningin Korea. . . . ......... .. .. .. .. .. .. ... ... .....

Soo-Young Lee and Youngmin Lee

Analysis of Problem-Posing Process of Arithmetical Word
Problem as Sentence Integration: Viewpoint

of First Selected Sentence . .. ...........................

Nur Hasanah, Yusuke Hayashi and Tsukasa Hirashima

Borja Manero, Javier Torrente, Angel Serrano
and Baltasar Ferndndez-Manjén

Automatic Generation of Valid and Equivalent

Assessment Instruments. . . . .............. ... ... ... .....

Shilpi Banerjee and Chandrashekar Ramanathan

College Students’ Attitudes and Preferences of Mobile
Newspaper Reading: A Comparison Between Printed

and Web Page Layout. . . . ... ... .. .. ... ... ... .......

Lin-Chao Fu, Ming-Hsin Lu, Hsin-Ying Wu, Weijane Lin
and Hsiu-Ping Yueh

Competing in Cultural Arena: New Design of Career

Guiding Application . ... ........... ... .. ... .. .. ... ...,

Hang Guo

Design Tutoring Feedback to Increase Online

Learners’ Satisfaction . . . .. ......... ... ... ... ... ......

Yuhui Ma, Ronghuai Huang, Xiaoying Zhang and Jiong Guo

Developing the PETAL e-Learning Platform for Personalized

Teaching and Learning . . . .. ...........................

Kelly Liu, Victoria Tam, Phoebe Tse, Edmund Y. Lam
and Vincent Tam

Contents

... 69

o T

... 8

... 89

.97


http://dx.doi.org/10.1007/978-3-662-44188-6_8
http://dx.doi.org/10.1007/978-3-662-44188-6_9
http://dx.doi.org/10.1007/978-3-662-44188-6_9
http://dx.doi.org/10.1007/978-3-662-44188-6_10
http://dx.doi.org/10.1007/978-3-662-44188-6_10
http://dx.doi.org/10.1007/978-3-662-44188-6_11
http://dx.doi.org/10.1007/978-3-662-44188-6_11
http://dx.doi.org/10.1007/978-3-662-44188-6_11
http://dx.doi.org/10.1007/978-3-662-44188-6_12
http://dx.doi.org/10.1007/978-3-662-44188-6_13
http://dx.doi.org/10.1007/978-3-662-44188-6_13
http://dx.doi.org/10.1007/978-3-662-44188-6_14
http://dx.doi.org/10.1007/978-3-662-44188-6_14
http://dx.doi.org/10.1007/978-3-662-44188-6_14
http://dx.doi.org/10.1007/978-3-662-44188-6_15
http://dx.doi.org/10.1007/978-3-662-44188-6_15
http://dx.doi.org/10.1007/978-3-662-44188-6_16
http://dx.doi.org/10.1007/978-3-662-44188-6_16
http://dx.doi.org/10.1007/978-3-662-44188-6_17
http://dx.doi.org/10.1007/978-3-662-44188-6_17

Contents ix

Development of Weather Monitoring System Based
on Raspberry Pi for Technology Rich Classroom . . .............. 123
Yongbin Hu and Ronghuai Huang

Digital Signage System for Learning Material Presentation
Based on Learning Continuum . ............................ 131
Hiroyuki Mitsuhara and Masami Shishibori

Dividing Learning Process in Classroom with One-to-One

Technology into Small Segments: Accurately Locating

Students’ Learning Status . . . . .......... .. .. .. .. ... .. .. .... 139
Guangde Xiao and Ronghuai Huang

Educational Dashboards for Smart Learning:
Review of Case Studies . . ... ....... ... ... ... ... ... .. ...... 145
Yesom Yoo, Hyeyun Lee, [I-Hyun Jo and Yeonjeong Park

Effects of Social Network-Based Visual Feedback
on Interaction in Online Discussion . . . .. ..................... 157
Hana Park, Hee Joon Kim, Hyo Sun Park and Kyu Yon Lim

Enhanced Federation and Reuse of e-Learning Components
Using Cloud Computing . . ........ .. ...... .. ... .. . ... ... 159
Sameh Ghallabi, Fathi Essalmi, Mohamed Jemni and Kinshuk

Enquiry into a Self-regulated Teaching Assistant Development
Program in China: The Yin and Yang of Success. . . ... .......... 167
Carlos Vasconcelos-Lopes

Exploring Pre-service Teachers’ Acceptance of Smart Learning . . . . . 175
Jeongmin Lee, Hyunmin Chung, Jiyoon Moon and Young Ran Yoo

Exploring Students’ Discussion in Face to Face

and Online Synchronous Learning. . . . ....................... 183
Peng Chen, Jing Xiang, Yuting Sun, Yi Ban, Guang Chen

and Ronghuai Huang

Facilitating Listening and Speaking with Game-Based

Learning Activities in Situational Context . . ... ................ 193
Wu-Yuin Hwang, Zhao-Heng Ma, Rustam Shadiev,

Timothy K. Shih and Shu-Yu Chen


http://dx.doi.org/10.1007/978-3-662-44188-6_18
http://dx.doi.org/10.1007/978-3-662-44188-6_18
http://dx.doi.org/10.1007/978-3-662-44188-6_19
http://dx.doi.org/10.1007/978-3-662-44188-6_19
http://dx.doi.org/10.1007/978-3-662-44188-6_20
http://dx.doi.org/10.1007/978-3-662-44188-6_20
http://dx.doi.org/10.1007/978-3-662-44188-6_20
http://dx.doi.org/10.1007/978-3-662-44188-6_21
http://dx.doi.org/10.1007/978-3-662-44188-6_21
http://dx.doi.org/10.1007/978-3-662-44188-6_22
http://dx.doi.org/10.1007/978-3-662-44188-6_22
http://dx.doi.org/10.1007/978-3-662-44188-6_23
http://dx.doi.org/10.1007/978-3-662-44188-6_23
http://dx.doi.org/10.1007/978-3-662-44188-6_24
http://dx.doi.org/10.1007/978-3-662-44188-6_24
http://dx.doi.org/10.1007/978-3-662-44188-6_25
http://dx.doi.org/10.1007/978-3-662-44188-6_26
http://dx.doi.org/10.1007/978-3-662-44188-6_26
http://dx.doi.org/10.1007/978-3-662-44188-6_27
http://dx.doi.org/10.1007/978-3-662-44188-6_27

X Contents

Increasing the Sensitivity of a Personalized Educational Data
Mining Method for Curriculum Composition. . . ................ 201
Yukiko Yamamoto, Rainer Knauf, Yuta Miyazawa and Setsuo Tsuruta

Investigating the Determinants of Mobile Learning Acceptance

in Korea Using UTAUT2. .. .. ... ... ... ... .. .. .. ... ... 209
Myunghee Kang, Bao Yng Teresa Liew, Hyunjin Lim,

Jeeeun Jang and Sooyoung Lee

Learning Analysis on Learners’ Wiki-Based Collaborative
Knowledge Building Behaviors. . . .. ......................... 217
Shuang Li, Qi Tang and Pengfeng Shi

Learning Through Instant-Messaging Chat Logs:

A Tool for Adults to Address the Communication

Norms in the New Workplace . . ... ......................... 225
Bernie Chun Nam Mak and Mike Hin Leung Chui

Measuring Learners’ Working Memory Capacity

from Their Interactions Within Educational Game. . . . .. ... ... ... 233
Mohamed Ali Khenissi, Fathi Essalmi, Mohamed Jemni, Kinshuk

and Ting-Wen Chang

Mobile Devices and a Modelling Tool for Physics

Experiments in High School. . . . .. ... . ... ... . .......... 239
Wing-Kwong Wong, Tsung-Kai Chao, Pin-Ren Chen,

Yunn-Wen Lien and Chao-Jung Wu

Ontology Based Semantic Metadata Extraction System
for Learning Objects. . . . . ... . ... . ... . ... . ... . ... 247
Ramzi Farhat, Barai Jebali and Mohamed Jemni

Ontology-Based Smart Learning Environment for Teaching
Word Problems in Mathematics. . . .......................... 251
Aparna Lalingkar, Chandrashekar Ramnathan and Srinivasan Ramani

Paradoxical Tensions of Online Peer Assessment:
A Case Study of a Secondary School in Singapore . .............. 259
Wan Ying Tay and Zhi Ying Ng

Redesigning the Classroom Environment to Enhance
Students’ Collaborative Learning Activities . . .. ................ 267
Fui-Theng Leow and Mai Neo


http://dx.doi.org/10.1007/978-3-662-44188-6_28
http://dx.doi.org/10.1007/978-3-662-44188-6_28
http://dx.doi.org/10.1007/978-3-662-44188-6_29
http://dx.doi.org/10.1007/978-3-662-44188-6_29
http://dx.doi.org/10.1007/978-3-662-44188-6_30
http://dx.doi.org/10.1007/978-3-662-44188-6_30
http://dx.doi.org/10.1007/978-3-662-44188-6_31
http://dx.doi.org/10.1007/978-3-662-44188-6_31
http://dx.doi.org/10.1007/978-3-662-44188-6_31
http://dx.doi.org/10.1007/978-3-662-44188-6_32
http://dx.doi.org/10.1007/978-3-662-44188-6_32
http://dx.doi.org/10.1007/978-3-662-44188-6_33
http://dx.doi.org/10.1007/978-3-662-44188-6_33
http://dx.doi.org/10.1007/978-3-662-44188-6_34
http://dx.doi.org/10.1007/978-3-662-44188-6_34
http://dx.doi.org/10.1007/978-3-662-44188-6_35
http://dx.doi.org/10.1007/978-3-662-44188-6_35
http://dx.doi.org/10.1007/978-3-662-44188-6_36
http://dx.doi.org/10.1007/978-3-662-44188-6_36
http://dx.doi.org/10.1007/978-3-662-44188-6_37
http://dx.doi.org/10.1007/978-3-662-44188-6_37

Contents xi

Relations Between Student Online Learning Behavior

and Academic Achievement in Higher Education:

A Learning Analytics Approach. . . ... ....................... 275
[I-Hyun Jo, Tacho Yu, Hyeyun Lee and Yeonjoo Kim

Smart Learning Analytics . . .. ........ .. ... .. ... ... .. .... 289
David Boulanger, Jeremie Seanosky, Vive Kumar, Kinshuk,
Karthikeyan Panneerselvam and Thamarai Selvi Somasundaram

Smartphone Addiction in University Students
and Its Implication for Learning . . . .. ..... ... ... ... ... ... ... 297
Jeongmin Lee, Boram Cho, Youngju Kim and Jiyea Noh

Students’ Science Process Skills Diagnosis . . ... ................ 307
Ming-Xiang Fan, Maiga Chang, Rita Kuo and Jia-Sheng Heh

Tablet Interface Design for Elder Users’ Newspaper Reading. . . . . .. 311
Hui-Chun Lin, Yueh-Chi Luo, Weijane Lin and Hsiu-Ping Yueh

The Design and Development of Electronic Schoolbag
System Based on Educational Cloud Service Platform ............ 313
Fati Wu and Zhijia Mou

The Development of the Haiku Application Corresponding

to Specification Changes and Its Evaluation . . . . ... ......... ... . 321
Nobuhiko Takada, Issei Yoshida, Masami Suzuki

and Ryoichi Yanagisawa

The Strategies for Designing Collaborative Scripts. . . .. .......... 325
Qian Zhao, Guang Chen and Liang Yu

Thinking of Everyone: Responsive Web Design
for a Math OER Project . . .. ...... .. .. .. .. ... .. .. .. .. ..... 329
Hongxin Yan and Lawrence Poon

Toward Recommending Learning Tasks

in a Learner-Centered Approach. . ... ....................... 337
Hazra Imran, Mohammad Belghis-Zadeh, Ting-Wen Chang,

Kinshuk and Sabine Graf

Towards an ICT Framework for Providing Inclusive
Learning Objects for Indigenous Learners. . ................... 345
John Loewen, David Loewen, Kinshuk and Jarkko Suhonen


http://dx.doi.org/10.1007/978-3-662-44188-6_38
http://dx.doi.org/10.1007/978-3-662-44188-6_38
http://dx.doi.org/10.1007/978-3-662-44188-6_38
http://dx.doi.org/10.1007/978-3-662-44188-6_39
http://dx.doi.org/10.1007/978-3-662-44188-6_40
http://dx.doi.org/10.1007/978-3-662-44188-6_40
http://dx.doi.org/10.1007/978-3-662-44188-6_41
http://dx.doi.org/10.1007/978-3-662-44188-6_42
http://dx.doi.org/10.1007/978-3-662-44188-6_43
http://dx.doi.org/10.1007/978-3-662-44188-6_43
http://dx.doi.org/10.1007/978-3-662-44188-6_44
http://dx.doi.org/10.1007/978-3-662-44188-6_44
http://dx.doi.org/10.1007/978-3-662-44188-6_45
http://dx.doi.org/10.1007/978-3-662-44188-6_46
http://dx.doi.org/10.1007/978-3-662-44188-6_46
http://dx.doi.org/10.1007/978-3-662-44188-6_47
http://dx.doi.org/10.1007/978-3-662-44188-6_47
http://dx.doi.org/10.1007/978-3-662-44188-6_48
http://dx.doi.org/10.1007/978-3-662-44188-6_48

Xii

Towards Flipped Learning Using Ubiquitous Learning

Log System in L2 Learning Class . .......................

Noriko Uosaki, Hiroaki Ogata and Kousuke Mouri

Towards Smart Asynchronous Discussion Activity: Using Social

Network Analysis to Investigate Students’ Discussion Patterns . . .

Jeonghyun Kim, Hyeyun Lee, Yesom Yoo, Hanall Sung,
II-Hyun Jo and Yeonjeong Park

Tracking Students’ Eye-Movements on Visual Dashboard

Presenting Their Online Learning Behavior Patterns . . . . . . .. ..

Kunhee Ha, II-Hyun Jo, Sohye Lim and Yeonjeong Park

Unfolding Learning Analytics for BigData . ... .............

Jeremie Seanosky, David Boulanger, Vivekanandan Kumar
and Kinshuk

Usefulness of Peer Comments for English Language Writing

Through Web-Based Peer Assessment . . ...................

Zhi Ying Ng, Wan Ying Tay and Young Hoan Cho

User-Centered Design of Interactive Gesture-Based Fitness

Video Game for Elderly . ........... .. ... .. ... ... ....

Feng-Ru Sheu, Yun-Lin Lee, Shio-Jeng Yang and Nian-Shing Chen

Contents


http://dx.doi.org/10.1007/978-3-662-44188-6_49
http://dx.doi.org/10.1007/978-3-662-44188-6_49
http://dx.doi.org/10.1007/978-3-662-44188-6_50
http://dx.doi.org/10.1007/978-3-662-44188-6_50
http://dx.doi.org/10.1007/978-3-662-44188-6_51
http://dx.doi.org/10.1007/978-3-662-44188-6_51
http://dx.doi.org/10.1007/978-3-662-44188-6_52
http://dx.doi.org/10.1007/978-3-662-44188-6_53
http://dx.doi.org/10.1007/978-3-662-44188-6_53
http://dx.doi.org/10.1007/978-3-662-44188-6_54
http://dx.doi.org/10.1007/978-3-662-44188-6_54

List of PC Members

General Chairs

Ronghuai Huang, Beijing Normal Uni-
versity, Beijing

Kinshuk, Athabasca University, Canada
Siu Cheung Kong, The Hong Kong
Institute of Education, Hong Kong

Program Chairs

Guang Chen, Beijing Normal Univer-
sity, Beijing

Vive Kumar, Athabasca University,
Canada

Publicity Chairs

Demetrios G. Sampson, University of
Piraeus, Greece

Nian-Shing Chen, National Sun Yat-sen
University, Taiwan

Local Organizing Chair
Gary Cheng, The Hong Kong Institute
of Education, Hong Kong

Programme Coordination Co-Chair
Hin-Leung Chui, The Hong Kong
Institute of Education, Hong Kong

Poster Session Co-Chair
Ping Li, The Hong Kong Institute of
Education, Hong Kong

Publicity Co-Chairs
Kin-Man Poon, The Hong Kong Insti-
tute of Education, Hong Kong

Yanjie Song, The Hong Kong Institute
of Education, Hong Kong

International Scientific Committee
Alke Martens, University of Rostock,
Germany

Andreas Holzinger, Medical University
Graz, Austria

Carlo Giovannella, Universita’ di Roma
Tor Vergata, Italy

Chaohua Gong, Southwest University,
China

Chee-Kit Looi, Nanyang Technological
University, Singapore
Chen-Chung Liu, National
University, Taiwan

Elvira Popescu, University of Craiova,
Romania

Feng-Kuang Chiang, Beijing Normal
University, China

Gilbert Paquette, Télé-université du
Québec (TELUQ), Canada

Gustavo Zurita Alarcén, University of
Chile, Chile

Gwo-jen Hwang, National Taiwan Uni-
versity of Science and Technology,
Taiwan

Hazra Imran, Athabasca University,
Canada

Hiroaki Ogata, Tokushima University,
Japan

Central

Xiii



Xiv

Jiong Guo, Northwest Normal Univer-
sity, China

Junfeng Yang, Hangzhou Normal Uni-
versity, Beijing

Kannan Moudgalya, Indian Institute of
Technology Bombay, India

Langin Zheng, Beijing Normal Univer-
sity, Beijing

Larry Johnson, New Media Consor-
tium, USA

Lung Hsiang Wong, National Institute
of Education, Singapore

Maggie Minhong Wang, The Univer-
sity of Hong Kong, Hong Kong
Maiga Chang, Athabasca University,
Canada

Marlene Scardamalia, University of
Toronto, Canada
Masanori  Sugimoto,
Tokyo, Japan

Miguel Nussbaum, Catholic University
of Chile, Chile

Mohamed Jemni, University of Tunis,
Tunisia

Moushir El-Bishouty, Athabasca Uni-
versity, Canada

Peng Chen, Beijing Normal University,
China

University of

List of PC Members

Rob Koper, Open University of the
Netherlands, The Netherlands

Sabine Graf, Athabasca University,
Canada

Setsuo Tsuruta, Tokyo Denki Univer-
sity, Japan

Srinivas Ramani, International Institute
of Information Technology, India

Su Cai, Beijing Normal University,
China

Ting-Wen Chang, Beijing Normal Uni-
versity, China

Tsukasa Hirashima, Hiroshima Univer-
sity, Japan

Tzu-Chien Liu, National Central Uni-
versity, Taiwan

Ulrike Lucke, University of Potsdam,
Germany

Vincent Tam, University of Hong
Kong, Hong Kong

Wei Cheng, Beijing Normal Univer-
sity, China

Yanyan Li, Beijing Normal University,
China

Yongbin Hu, Beijing Normal Univer-
sity, China



A Blended Learning Environment for enhancing
Meaningful Learning using 21°* Century Skills

Gustavo Zurita', Beatriz Hasbun®, Nelson Baloian?, Oscar Jerez?
Management Control and Information Systems Department, Business and Economics Faculty,
Universidad de Chile, gzurita@fen.uchile.cl
“Department of Computer Science, Universidad de Chile, nbaloian@dcc.uchile.cl
3CEA - Teaching and Learning Center, Business and Economics Faculty,
Universidad de Chile, {bhasbun,ojerez}@fen.uchile.cl

Abstract. In this work we present a study that documents how a blended learning
environment could enhance students” meaningful learning practicing 21% Century
Skills. This study examines the outcomes of an experience done with 119 students of
an undergraduate course on “Information Technology” for Business at a University
level education. Students had to practice 215 Century Skills regarding
communication, information literacy and ICT literacy supported by a blended-
learning environment. Results show a significant increase in meaningful learning by
the end of the course. This study illustrates the potential that blended learning
environments offer for higher education.

Keywords: Blended-learning, 21% Century Skills, meaningful learning.

1 Introduction

Higher education in developing countries is moving from a content-based curriculum to a
competence-based one. There is a consensus that along with acquiring the traditional knowledge,
acquiring skills like communication, information literacy and ICT literacy to perform any
professional activity in an increasing complex and demanding world is also very relevant [2]. In
our contemporary society, business people are constantly supported by ICT to search information,
work in teams, create new ideas, products, and services and share these with their colleagues. In
this context, it is crucial to flexibly respond to complex problems, communicate effectively,
manage information dynamically, work and create solutions in teams, use technology effectively,
and produce new knowledge continuously. According to many authors, all of these skills are
needed by the individual of the 21% century in order to perform properly at work [2, 7]. Moreover,
the Association to Advance Collegiate Schools of Business (AACSB), a renowned organization
for accreditation of business school established that school program learning goals should include
those that address the acquisition of communication skills, problem-solving abilities, ethical
reasoning skills, language skills, technology skills, as well as management-specific knowledge
[8].

To embrace these new challenges, Universities have developed different approaches; however,
those on the so-called meaningful learning approach [3], and making extensive use of
Information and Communication Technologies (ICT) in blended-learning (b-learning) scenarios,
have been some of the most attractive and most used alternatives [2 - 6]. But how it is possible to
train the 21 century skills in a b-learning course in order to achieve meaningful learning?

© Springer-Verlag Berlin Heidelberg 2015 1
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Meaningful learning occurs when the learner is able to relate new information to already
known ideas and knowledge [3, 6]. Its quality also depends on the conceptual richness of the new
material being learned, and the quantity and organization quality of the relevant knowledge the
learner has already acquired. Meaningful learning has three requirements: a) relevant prior
knowledge; b) meaningful material; and c) a learner must choose to learn meaningfully which
means that the learner must consciously and deliberately choose to relate new knowledge to
relevant knowledge the learner already knows [6].

At a primary stage educational technologies were often only used to generate efficiencies in
content delivery and testing, although nowadays many educational technologies focus on
developing thinking skills and allowing students to rehearse for future performances in a
technology-rich workforce. We can find various examples of frameworks proposed for
describing and characterizing the 21% century skills in the literature [2, 7, 9]; particularly the
KSAVE model seems to present characteristics, which are also present in most of the other
models [2]. KSAVE considers ten skills grouped into four categories: a) ways of thinking -
creativity and innovation, critical thinking, problem solving, decision making, learning to learn,
metacognition; b) ways of working - communication, collaboration; c) tools for working -
information literacy, ICT literacy; and d) living in the world — local and global citizenship, life
and career, personal and social responsibility.

B-learning is becoming increasingly popular among the e-learning modalities, which
combines face-to-face (f2f) presence learning with technology-mediated distance
teaching/learning [5, 10]. It is considered a learning modality, which favors meaningful learning
because it supports its processes in various dimensions and with various resources [4, 5], since it
allows for the active integration and of the student and combines different learning modes. It is
necessary to design the learning process as a single multidimensional formative experience,
which considers the following aspects: the learner, the teacher, the curriculum and assessment,
the structure of schooling, the essential conditions for ICT integration and the research on the role
of IT in education [11]. This contrasts with the traditional teaching style that includes just lectures,
paper readings, the out-of-context use of ICT, and content evaluation [3, 12]. According to our
experience, b-learning environments are able to foster the process of linking previous knowledge
with new information in relevant and motivating contexts [3], using diverse multimedia resources
causing real impacts on learning and practicing communication, information literacy, and ICT
literacy skills (see section 3.2, last paragraph)..

Taking the above arguments into consideration, we propose to carry on an experience in order
to research the role of using b-learning to support the learning of certain contents and their
practice in an undergraduate course on “Information Technology for Business”, in the 8"
semester of the Information and Management Control Engineering degree program of
Economics and Business at the University of Chile. The hypothesis of this work is that b-learning
enhances meaningful learning, through the practice of communication, information literacy, and
ICT literacy skills, relating concepts learned in the classroom with current news containing
examples of using Information Technologies to support Business.

2  Related work

According to [5, 10], b-learning is an efficient teaching model because it combines self-
paced learning, (students learning anytime, anywhere, by executing the e-learning activities),
live e-learning (takes place in a virtual environment where students communicate among one
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another, share information, etc.), and face-to-face (f2f) classroom learning (social interaction
with both the teacher and other students in a room).

Various positive and successful experiences of b-learning are reported in the literature.
It has been said that it reduces the time needed for preparing the exam, ensures deep-level
learning, enhances student retention of the course, etc. [13]. However, there is still little
research exploring the relationships between b-learning and meaningful learning.

Therefore, in our understanding, a successful b-learning environment must be carefully
designed to provide the development of meaningful learning and certain skills in the
students, by achieving specific learning objectives involving teacher and students in face-
to-face and online activities [14].

B-learning environments have been applied to support learning of different areas of
knowledge: information science, engineering, nursing, and business [5], among others. It
has taken on increasing importance and research attention for business education
(Information System, Management, Marketing, Accounting, Economics, and Finance)
during the first decade of the 21% century [15]. Regarding b-learning environments in the
area of Information Systems, many conceptual frameworks have provided alternative
perspectives, which have promoted the development of applications for specific contexts
[16] proposing a conceptual framework by focusing on system design and elements of
quality, system delivery, and system outcomes [17]. They propose a context-specific
conceptual framework that includes objectivist and constructivist approaches to
synchronous and asynchronous delivery of learning material [18], arguing that effective
technology-mediated learning depends on participants’ interaction, technology, and
instructional design. Unfortunately, though IS scholars have been actively involved in
developing conceptual frameworks; they have not been as active in testing them [5],
which is exactly the aim of this work. Nevertheless, there are studies showing empirical
evidence: a) In [19] authors examined the impact of “virtual interaction” using five
different treatment groups with varying levels of learner control of the virtual instructor,
concluding that b-learning might lead to more effective learning; b) In [20], authors
examined the extent to which a learning platform could help undergraduates in ICT skills
development.

3 Design of a b-learning environment

This section describes the f2f and e-learning facets of a b-learning environment, based
on the constructivist approach, which is the most widely used. By using this environment
students are helped while constructing their own meaning of knowledge, enabling them to
communicate and exchange their ideas by using their ICT literacy skills [21].

3.1 Design of the f2f environment

The course “Information Technology for Business™ aims at developing student skills that will
allow them to create technological solutions to solve problems or take advantage of
opportunities within an organization. The course has 10 credits, and is compulsory in the
fourth year of the Information and Management Engineering degree at the University of Chile.
As part of their mandatory assignments for completing the course, students have to perform
three short projects, pass three exams and regularly contribute in an on-line discussion board
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by including recent news found in diverse media related to the different topics covered in the
lecture sessions. The lecture sessions are complemented with the discussions on the board. The
integration of both elements is performed by collecting news from the discussion board to
initiate discussion within the classroom. In this way, students are motivated to deliver better
news and the task acquires a sense.

Likewise, the teacher promotes students participation with questions, allowing them to
exercise the use of technical concepts to give an oral opinion. The same task has to be carried
out in written form, considering the contents of the course and possible applications of
technological developments at companies.

3.2 Design of the e-learning environment

The on-line learning platform that students regularly use to support their activities during the
semester offers a discussion board with the following services: publication of new topics,
possibility of replying to others’ contributions, notifications concerning user availability and
recent activity, metric of participation level (high, medium, low), a tag cloud, and a search bar.

In order to make a contribution, students have to select news, cite their respective sources
(e.g. a link to the original Web article), and write a short personal opinion on it. Once this
contribution is made publicly available in the software platform, other students have the
chance to rate the article (according to their own perception on quality and pertinence) and
comment on the contribution.
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Fig. 1. General user interface of the online discussion board
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The user interface is divided into two modules: 1) a main page where users can read the
different contributions published in the site, and 2) a detailed view of one of these
contributions. The first module displays a list of the 10 most recent contributions, a tag cloud
and a panel of links pointing to other articles classified by categories and relevant tags (see Fig.
1). This element, alongside with the search bar, helps users identify and find relevant
documents, facilitating thus the interaction between the author and the reader. Users can access
the detailed view of any contribution by either clicking on its title, content, or dedicated icon at
the bottom of the box. Other articles can be found by navigating through different pages at the
bottom of the site.

The second module, displays the complete text (citing the source from where it was taken),
the personal opinion of the author regarding the content of the article, and a list of reactions
other students posted. In both modules, students can practice communication skills while
writing, presenting their ides as well as understanding other students’ messages in a variety of
situations and for different purposes, or formulating their arguments in a convincing way [2].
At the same time, students practice their information literacy abilities when searching,
collecting, organizing and distinguishing relevant electronic data and information, as well as
when accessing and searching for information media [2].

4 Research design

For this study, we worked with three groups of students enrolled in the course Information
Technology from the Business School at the University of Chile. The first group was
composed of 46 students (17 men and 29 women), and they participated in this study between
August and November 2012. The second group involved 34 students (19 men and 15 women)
that participated between March and June 2013. And the third group involved 39 students (18
men and 21 women) that participated between August and November 2013. None of the
students were in both groups simultaneously.

The platform was in service for all groups over 15 weeks. We established three milestones
where we gathered information about the data traffic on the site, and afterwards reinitialized
the counters. These milestones were roughly placed every five weeks in order to make results
comparable between groups.

The instruction for students was to search for news, articles and/or interesting cases from
different sources like Newspapers, Internet or videos, which were linked to the use of
information technologies, and attach it to the site. They also had to write a “Personal
Comment" of at least 300 words length aimed at a college audience, meeting the following
requirements:

1. Justify the value of the technological contribution of the news, explaining its use or
application on a specific subject and indicating what is better now with this
technology;

2. Identify and explain how it can be transferred to other areas, highlighting some
contribution to any component of the value chain of an organization;

3.  Relate the news content seen in classes or in previous courses.

The last requirement is crucial to the b-learning environment, in terms of integrating the
discussion board to the classroom. The instructions were designed considering 3 of the 10
skills included in the KSAVE model: communication, information literacy and ICT literacy.
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The students practice their ICT literacy abilities while using e-learning technology as a tool to
research, organize, evaluate and communicate information; access ICT efficiently (time) and
effectively (sources); employ knowledge in the application of ICT and media to communicate
and present ideas [2].

From the perspective of a quantitative educational research methodology, we chose a quasi-
experimental design with measures before and after the intervention. In the context of Higher
Education, where students are already grouped according to degrees, the level of control over
the formation of the group for performing experimental assignment is usually low. This type of
research in natural contexts aims to maintain the internal validity of the study by means of
different strategies (control of extraneous variables, pre/post-test measures, etc.). We
subsequently introduce a research instance under these methodological assumptions.

The data used corresponds to student participation in the online forum of the course in
terms of own news publication. This news were evaluated using a rubric that included six
dimensions, 3 associated with formal aspects of writing called "own voice" (spelling and
writing, internal consistency, and personal perspective) and 3 associated with the
application and interpretation of the contents of the course named "Argument"
(meaningful learning, justification, and argumentation). Each dimension has 4 levels of
achievement. The rubric was applied three times during each semester, to find out if
students improved their learning throughout the semester. We randomly selected one of
the article published by each student three times (milestones) during each academic
semester involved in this study. The dimension “meaningful learning” was assessed in the
news using the rubric descriptor by assigning each student a level of development and
therefore a score.

This study presents the results of the evaluation of the meaningful learning dimension,
which measures whether "students associated specific content to knowledge previously
acquired during the course in written and/or oral speeches, using technical concepts with
relevance".

5  Outcomes of meaningful learning

Of a total of 119 students who completed the course considered along the different
semesters, the 1st milestone had 117 records; the 2™ 111 and the 3 had 119. To
determine if the data collected in the rubric assessment were distributed normally, the
Kolmogorov Smirnov (KS) for a sample was calculated for the first and third milestones.
For both cases, the asymptotic significance (p) corresponds to 0.00 (Table 1).

KS for one sample 1* milestone 3" milestone
Number of contributions per student 117 119
Normal parameters, b Mean 218 247
’ SD 0.627 0.687
Absolute 0.356 0.358
Extreme differences Positive 0.356 0.358
Negative -0.305 -0.23

Z de Kolmogorov-Smirnov 3.863 391
Sig. asintot. (bilateral) 0.00 0.00

Table 1. Descriptive statistics by milestones. The contrast distribution is Normal. b -
Calculated based on the data.
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As p < 0.05 the normal distribution hypothesis is rejected. Therefore, a non-parametric
statistic was used for the calculation of the mean difference between the 1% milestone and
the 3. As shown in Table 1, observed means are increasing from the 1% and 3" milestone.
Moreover, dividing the results according to the four levels of performance, a decrease in
the relative frequency in the first level and an increase in levels three and four, as
observed on Table 2.

To determine whether there is significant difference between the 1% and 3 milestone, a
Wilcoxon test for related samples was calculated, with the null hypothesis, meaning that
the difference is zero. Being P = 0.01 (p <0.05) the null hypothesis is rejected and
therefore there is statistically significant difference between the mean scores on the
meaningful learning in the 3 and 1* milestone.

L-of-P dimension | 1" mil 2" mil 3" mil
1 8.5% 6.3% 1.7%
2 66.7% 70.3% 58.8%
3 23.1% 21.6% 30.3%
4 1.7% 1.8% 9.2%
Total 100.0% 100.0% 100.0%

L-of-P dimension = Levels of performance “Meaningful leaming” dimension

Table 2. Relative Frequency

6 CONCLUSIONS

One of the contributions of this research is to provide a detailed instructional design of
a blended learning environment, with particularly attention to how b-learning support 21
century skills training and potentially enhance students meaningful learning. At implementing
this instructional design, we hope that the second contribution is to present a real experience on
how to operationalize KSAVE  21% Century Skills framework and test its results.

B-learning environments have a great potential in higher education. This study shows
that a learning activity combining b-learning with the 21% Century Skills may lead to
meaningful learning. In fact, the analysis of the experimental data shows a positive
development while students performed a learning activity where they had to practice some
of these skills supported by a b-learning environment. Comparing performance of the
students at the end of the 1% and 3" milestones we see a statistical meaningful
improvement.

This experience was performed as a quasi-experimental study, which means results
cannot be generalized to contexts other than the one of the experiment, though it gives a
positive feedback for utilizing this approach. Future research could produce additional
information about student’s satisfaction and skills development. With this kind of research,
researchers could better measure the impact of blended learning environments in training
the 21 Century Skills.
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Abstract. In the collaborative learning environment, the learners will produce
certain awareness within the group based on all kinds of relevant information,
that is, collaborative-learning awareness. Through survey method, the research
tries to understand the status quo of collaborative-learning awareness and to
explore the structural components of collaborative-learning awareness and the
relationship  between collaborative-learning awareness and academic
performance. Research shows that: collaborative-learning awareness is divided
into four categories: social awareness, task awareness, concept awareness and
workspace awareness. Among the four categories, task awareness exerts a direct
impact on academic performance; the other three categories, i.e. social awareness,
concept awareness and workspace awareness impact on academic performance
through task awareness. The research conclusion has certain guiding significance
for evaluation of the status of collaborative learning, improvement of learning

effectiveness, as well as elevation of collaborative learning awareness.
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1 Introduction

In recent years, the collaborative learning model is gradually popularized and
spread under the drive of the increasingly developing theory study. Many teaching
and learning activities, including distance education are organized considerably
based on collaborative learning model in order to train students’ teamwork and
collaboration capabilities[1] As a new mode of teaching, what are the other
changes concerning psychological characteristics in addition to the change of
collaborative learners’ studying behavior? How will these changes affect the
learner's cognitive process, and what roles will they play in the future learning
activities in their academic performances? In the literature research, however, we
have not obtained any such literature as collaborative learning awareness,
particularly in the aspect of how the learners’ social awareness impacts on the
learners’ learning activities after a full literature search worldwide. This study
explores each learner’s psychological characteristics and awarenesses and their
impact on this learner’s academic performance in the collaborative learning

activities through awareness theory.

1.1  What are the changes collaborative learning has made by the learners

Collaborative Learning(CL)is what that’s all about-learners working together as a
group to accomplish shared goals and maximize the learning of each individual by
an incentive scheme [2]. At present, computer-supported (networks) collaborative
learning CSCL indeed has a prominent role (the collaborative learning discussed
in this article mainly aims at CSCL) to play in changing the behavior and
acquisition results of individual students, as well as group collaboration
performance[3]. For example: extension of time and space has broken through all
kinds of separation barriers so that learning has been developed into social
learning which is no longer bound by time. Computer and network systems have
provided learners not only a wealth of learning resources, but also improvement of
learning efficiency [4]. Collective knowledge and wisdom have been given full
play to the extreme, and individual learning achievement and collective learning

effectiveness have both been upgraded[5]][6] Individual’s learning behavior is no
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longer regarded his/her own behavior because he/she gradually becomes aware of:
(1) His/her individual role and function when interacting with the surrounding
environment; (2) common goal and his/her own individual goal in collaboration
with other members; (3) his/her individual knowledge structure related to overall
knowledge structure; and (4) his/her individual activities related to those of other
collaborative members. These changes above will affect the learner’s future
collaborative learning awareness, values and codes of conduct[7]. And more than

those, it will internalize into learners’ psychological activities.

1.2 Awareness theory and research done in the aspect of collaborative

learning

Awareness is the cognition of a certain fact [8]. And the word “awareness” is also
translated into "perception" by some scholars. Awareness is the first step to
understand the surrounding environment, also the beginning of all behavioral
expressions, which is an important indicator to guide an individual’s behavior. In
the field of psychology, awareness is a psychological characteristic to distinguish
and measure different psychological states[9]. In the field of computer application,
awareness mainly focuses on the research of awareness modeling in network
virtual environment through appropriate technologies, e.g. agent technology to
support the practical application of awareness model [10]. However, learner’s
awareness is the target of research in collaborative learning aspect, mainly
focusing on the application of collaborative learning, known as "collaborative
learning awareness", which refers to awareness situation of all the key elements
involved in collaborative learning based on the members of the collaborative
group.

Goldman (1992) brought forward learners’ three awarenesses: social awareness,
task awareness and concept awareness [11]. On this basis, Gutwin (1995) also
proposed a "workspace awareness" [12] which believes that in collaborative
learning, group peers must have four awareness elements: social awareness, task
awareness, concept awareness and workspace awareness. And he also presented

students’ awareness framework as in Table 1.
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Table 1. Type list of learners’ awareness

Types of Connotation
awareness
What should I expect from the other members of the
group?
. How can I communicate with the group, influence one
Social awareness
another?

What role will I play in the group?

What roles will other members of the group undertake?

How much do I know about the task’s theme and

structure?

How much do I know about the other people’s

task-based theme and structure?

What are the steps need to complete the tasks?

How to evaluate the result of the task?

What are the tools and resources needed to complete the

task?

How much time needed to complete the task? How

much time available?

How is the task related to the existing concept?

What knowledge do I also need to find out from the

theme?

Concept awareness Do I need to change my existing concept in the light of

new information?

Can I pose a hypothesis in order to forecast the outcome

of the task based on the existing knowledge?

What are the other members of the group doing in order
to complete the task?

Task awareness

Where are they?
Workspace What are they doing?
awareness ‘What have they completed?

What are they going to do for the next step?

How can I help with the other members for the
completion of their task?

Gutwin’s framework of the four collaborative learning awarenesses can be

interpreted as:

Social awareness refers to the learner’s cognition to the social relations within the
group;

Task awareness refers to the learner’s cognition to learning task;

Concept awareness refers to the learner’s cognition to the existed knowledge and the

knowledge required for completion of the task;
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Workspace awareness refers to the learner’s cognition to the work space and the
activities with his/her companions. Work space mainly indicates the collaborative
learning environments, including space environment, hardware environment,
resource environment, and so on.

The features of collaborative learning awareness include: (1) Collaborative learning
awareness is the beginning of learning behavior, and is produced in the process of
collaborative learning; (2) collaborative learning awareness guides and influences
the learner’s learning behavior in the group; (3) since it is the learner’s cognition to
a variety of dynamic information in the collaborative environment, the collaborative
learning awareness is varied according to the changes of environment.

Goldman and Gutwin in their perception theory concerning collaborative learning
activities reveals the learners’ awareness characteristics as follows: (1) the initiation
of learning behavior; (2) outcome in the process of collaborative; (3) to guide and
influence the behavioral expression of the learners in the group (4) the cognition of
learners’ various dynamic information in the collaborative environment; and (5) to
change with the changes of the environment. Accordingly, the main concern toward
collaborative learning research has shifted from the external learning subject to the
internal learning subject, from activity environment and activity forms to cognitive
psychology of learners. The theory, however, only needs evidences to be supported

by a large number of quantitative studies.

2 Research methods and tools

The research adopts questionnaire method, and uses the data collected as the basis
for quantitative research.

2.1 Questionnaire preparation and selection of subjects

On the basis of literature investigation, the questionnaire prepared oriented for the

research of collaborative learning awareness utilizes Gutwin’s learner’s awareness

framework as the basis. The questionnaire is established for the following four
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dimensions: social awareness, task awareness, concept awareness and workspace
awareness.

Social awareness

The contents of the dimension include:

€ What is the role the learner playing in his/her own group? and what are the
roles the other learners playing in the peer group in the process of completing the
task in a collaborative way?

€ How to communicate with group peers?

@  Whether he/she is clear about what will be learned from other peers of the
same group? etc.

Task awareness

The contents of the dimension include:

What are the theme and structure of the task?

How to evaluate the result of the task?

How to complete the task?

L 2R 2R 2R 2R 4

How long does it take to complete the task? And when is the final deadline for
the completion of the task?

Concept awareness

The contents of the dimension include:

What are the knowledge involved in the theme?

What are the knowledge do I have?

Which problems can an individual solve by using his/her original knowledge?

L 2R 2R 2R 2R 4

What other new knowledge needs to be supplemented in order to solve a
particular problem?

€ What knowledge have I acquired when participating in the completion of
activities or tasks? etc.

Workspace awareness

€ The contents of the dimension include:

€ What are the other group peers are doing at a particular stage?

€ What are the views and attitude on a particular issue?

€@ How the other group peers are getting along with their learning? (What have
been completed and what to do next?)

€ What difficulties are the other peers going through in their learning?

€ How to provide assistance to the other peers? etc.
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See table 4 for specific connotations on four categories of learner’s collabora-
tive learning awareness.
Table 2. The dimensions and connotations of the questionnaire concerning collaborative

learning awareness

Dimension of

awareness

Connotation of awareness

Specific contents of

awareness

Social awareness

The understanding of social
relations within the group

The role played, and
function exerted
Exchanges and
communication

Group interaction

Task awareness

The learner’s understanding
of the group task

The theme and structure of
the task

Concrete requirements of
the task

The necessary preparation
for the task to be completed
Temporal-planning for
completion of the task

Learner’s understanding of

The new  knowledge
involved in completion of
the task

Concept the existed knowledge and | The relationship between
awareness the knowledge required by | the existed knowledge and
the task the solution of the task
The link between new
knowledges
Views and attitude of the
group peers
R . Peer learning progress
The learner’s understandin, .
Workspace of the latest activities of th§ The impact of the group
awareness peers

group peers The expected results whose

responsibility is assumed
by the other peers

The questionnaire adopts the most commonly used Five-point Likert Scale

educational research. Except reverse design problem, the expression of problems
in the questionnaire all represents a learner’s collaborative learning awareness in a
certain aspect in the positive sense. After reverse solution, it shows that the higher
the scores of each problem, the higher the level of awareness of the learner’s
appropriate problem. The questionnaire is classified into two sections:
self-evaluation and mutual evaluation among the group peers. Finally calculate the
weighted average value based on scores of the subjective and objective

evaluations.
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The research is based on the subjects who are currently carrying out collaborative
learning activities in the way of random sampling, that is, selecting regular
undergraduates and graduate students with the exception of overseas students in the
Beijing Normal University. Distribution of subjects' grades ranges from the
first-year grade to the third year grade, as well as from first-year graduate students
to second-year graduate students. The research also covers different academic
courses, that is, liberal arts and science courses, for example, "Multi-media
Technology and Web Page Making", "Basic Computer Application Course",
"Curriculum Development", and so on. 129 subjects in the 33 collaborative study
groups participated in survey. Finally, among the 122 questionnaires to be collected,
117 are valid questionnaires—the collecting rate is 94.6%, and the effective rate is
98.3%. Among the 117 subjects, 93 are undergraduates, accounting for 79.5%; 24
are graduate students, accounting for 20.5%; 35 are male students, accounting for
29.9%; 82 are female students, accounting for 70.1%. Most of the subjects usually
prefer to independent learning, accounting for 71.6%; and the subjects who prefer to

collaborative learning, however, only accounting for 28.4%.

2.2 Analysis of validity and reliability of the questionnaire data

The research uses Amos software, adopts confirmatory factor analysis method to
implement structural validity analysis. The level of structural validity is reflected
through the fitting degree of between data and theoretic hypothesis model. The
theoretical model of collaborative learning awareness questionnaire includes four
major dimensions (19-items).

Table 3. The fitting optimization indexes of model validation

Fitting indicators X? P X¥df NFI  IFI TLI CFI RMSEA
Values 183.562 .019 1.257 946 .989 985 988 .070

The indexes reflect that this model fits well in various indexes and show the
questionnaire has fine structural validity. In a word, based upon literature
investigation and study in statistical analysis, this study complete the awareness
dimensions of learners in collaborative learning. Besides, it has also adjusted the
structure of questionnaire after program distinguishing degree analysis.

By Using SPSS for truth test of questionnaire, the data internal consistency
coefficient (Cronbach o) reflects that the reliabilities of four dimensions in
collaborative learning awareness questionnaire -- conceptual awareness, task

awareness, social awareness and workspace awareness as well as total scale are all
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above .6. It proves that data has good internal consistency.

Table.4. a- coefficients in dimensions and total scale

Total conceptual task social workspace
Scale awareness awareness awareness awareness
9031 .6289 .6833 7309 7304

3 Research Process

3.1 Relationship between learners’ awareness and academic achievement in

collaborative learning

The relationship between four dimensions of awareness and academic
achievement in collaborative learning is planned to use correlation analysis to
study the relationship of scores of conceptual awareness, task awareness, social
awareness and workspace awareness and academic achievement. Considering the
differences of teaching content and test difficulties in different classes, academic
achievements are all represent by Z scores.

Table 5. The average awareness level based on the learners’ self-assessment in collaborative

learning
N Minimum Maximum Average Standard
value value score deviation
Concept awareness 117 1.75 4.75 3.40 .58
Task awareness 117 1.83 4.67 3.53 51
Social awareness 117 1.25 5.00 3.49 .62
Workspace awareness 117 1.60 4.80 3.42 .60

Note: The full score of each average awareness dimension is 5 points.
Result of correlation analysis shows that, there is significant positive correlation
relationship between Z scores of learners' academic achievements and learners’
scores on conceptual awareness, task awareness, and workspace awareness.
Detailed correlation coefficients are shown in Table 1. Therefore, we can conclude

that academic achievements of learners in collaborative learning are close related
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with scores of conceptual awareness, task awareness and workspace awareness,
showing consistent trend.

Table 6. Correlation analysis on learners’ awareness level and academic achievement

sca sta ssa swa

aa Pearson Correlation 218%* 232% 164 237*
Sig. (2-tailed) .018 .013 .078 .011
N 117 114 116 113

* Correlation is significant at the 0.05 level(2-tailed).
Remarks:

aa: academic achievement

sca: score of concept awareness

sta: score of task awareness

ssa: score of social awareness

swa: score of workspace awareness

3.2 Path analysis on learners’ awareness in collaborative learning and

academic achievement

In the above correlation analysis, it shows that social awareness has no
significant correlation with academic achievement. In order to further
ascertain  the relationships and interactions of different awareness and
academic achievement, use Amos 4.0 to establish mutual paths. See Figure 1.

Remarks:
ca: concept awareness
sa: social awareness
ta: task awareness
wa: workspace awareness
aa: academic achievement

Figure.1. Path analysis on learners’ awareness and academic achievement

In Figure 1, predictive values and directions show that in the influence that
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learners’ collaborative learning awareness exerts to academic achievement, task
awareness is a direct variable, which has direct impact on academic achievement.
While other awareness all exerts the influence directly through task awareness,
predictive values measuring three influences are respectively 0.5104

(0.72*0.32+0.28 ) , 0.358 (0.10*0.28+0.33) , 0.3407 (0.74*0.10*0.28+0.32) .
We can conclude that, the impact of conceptual awareness, social awareness and
workspace awareness to academic achievement are functioned through task

awareness, indirectly.

3.3 Analysis on the influence of task awareness to academic achievement

According to the above path analysis, it is shown that task awareness can directly
affect academic achievement. Here we adopt variance analysis to discuss the
significance of the impact that task awareness exert to academic achievement and
the mathematic model of the two factors.

Let task awareness be independent variable and academic achievement be
dependent variable. The variance analysis in Table 7 shows that: task awareness
has significant impact on academic achievement. Sig=.040<.05.

Table.7. Variance analysis on the impact of task awareness on academic achievement

df Mean square F sig
Between Groups 89 74.833 1.884 .040
Whin Group 24 39.711

Remarks:
aa: academic achievement

Next, let task awareness be independent variable and academic achievement be
dependent variable. Use regression analysis to establish mathematical model and
we can obtain the following results. See Table 8:

Table 8. Regression analysis on the impact of task awareness to academic achievement

Model B Std.Error Beta t sig.
1 (constant) 78.592 2.209 237 35.576 .000
gpta 2.651 1.044 2.540 012

Remarks:

gpta: group placement of task awareness
aa: academic achievement
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..The mathematical model is:
academic achievement=78.592+2.651* task awareness

4  Research Conclusions and Suggestions

By investigating awareness of learners in collaborative learning, we obtain the
following main conclusions:

Correlation relationship of on learners’ awareness level and academic achievement
shows that, learners’ conceptual awareness, workspace awareness and task
awareness all have positive correlation relationship with academic achievement.
Path analysis of learners’ awareness in collaborative learning and academic
achievement demonstrates that, task awareness directly exerts on academic
achievement, while other three awareness affect academic achievement indirectly
through task awareness. And impact of task awareness to academic achievement is
significant. The regression analysis reveals the mathematical relationship between

the two.

This study is confined to a comparative study of collaborative learning activities
without diverse cultural backgrounds from the East and the West. Consequently,
differences of collaborative learning awareness levels under the background of
different cultures of the East and the West cannot be really discovered. However,
from the statistical data that 71.6% of the subjects preferred to independent study,
the collaborative learning awareness level of Chinese learners is relatively low
level. Based on the conclusion of the research, several suggestions are put forward

regarding collaborative learning.

4.1 Collaborative learning awareness is reasonable index to assess

collaborative learning situation

Collaborative learning awareness is a psychological feature which functions on
collaborative learning in different degrees. In this sense, awareness level is also an
important index in collaborative learning assessment. It can help to allocate
different characters within groups according to different awareness levels of

learner. Besides, it also provides basis for heterogeneous combination.
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4.2 Increase of task awareness is the key point to effects of collaborative

learning

Since task awareness is the most direct key factor affecting academic achievement,
teaching organizers should focus on reasonable design of teaching activities in
different stages of collaborative learning. For example, objective-oriented teaching
strategy helps to raise different awareness level of learner. Besides, increase of
task awareness level is one of the most effective strategies to raise efficiency of

collaborative learning.

4.3 Cultivation of conceptual awareness, social awareness and workspace

awareness is of the same importance.

Since conceptual awareness, social awareness and workspace awareness affect
academic achievement in collaborative learning indirectly through task awareness,
the influence cannot be overlooked. Especially, social awareness and workspace
awareness are the important factors of group interpersonal relationship. Students
higher in social awareness level are generally suit for leader or coordinator
characters, which may help the group face study task easily, and at the same time,
he or she is also good at coordinating relationships of group peers and promoting

task awareness level of other group peers.
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Abstract. Self-regulated learning has achieved prominence in recent years.
Helping students to become self-regulated learners is becoming a favorite target
of researchers and educational practitioners. This study proposes a novel
framework that can automatically analyze online self-regulated learning
processes and competencies. It presents an analytics dashboard that encourages
students to initiate activities of self-regulation and guide them to reflect on their
competencies. The architecture of the framework and an applied scenario are
presented and discussed in detail.

Keywords: Self-regulated learning, Competency, Learning analytics, Dashboard.

1 Introduction

In recent years, self-regulated learning (SRL) research in online learning
environments has elicited a growing interest [1, 2, 3, 4, 5]. SRL is viewed as one
of the most important skills for lifelong learning [6]. SRL refers to the self-
directive and initiative processes that learners use to set their goals, select and
deploy tactics, monitor actions, and evaluate their effectiveness [7]. SRL tends to
guide learners metacognitively and motivate them intrinsically [8, 9]. Further,
SRL can mediate among learning contexts, learners’ characteristics, and learning
outcomes [10].

Self-regulation happens at the initiative of the learner, not being explicitly told to
do so. Self-monitoring and self-evaluation are the necessary and crucial processes
during self-regulated learning. Self-regulation activities are typically meta level in
nature and are indirectly triggered by setting goals, making plans, applying
strategies, and adapting metacognition.
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It is widely acknowledged that self-regulated learning is the crucial factor for
success in an online learning environment [11, 12]. Literature has reported that
high performance learners have exhibited distinct self-regulatory abilities such as
setting goals, using various strategies, monitoring their own behaviors, and
adapting metacognition [13, 14]. Fostering the abilities of self-regulation traits
should become the central concern in the area of online educational research and
practice.

This study proposes to showcase self-regulatory competencies of learners within
and across learning contexts. In doing so, it even ventures into big data learning
analytics, with a particular focus on self-regulation, where an interactive
dashboard enables learners to contemplate, design, build, and execute initiatives
that correspond with self-regulatory activities in the domain of programming with
emphasis on UML design, writing code, debugging code, documenting code, and
testing code.

The innovation in our approach lies with the ability for students to reflect on and
regulate their own programming habits using an interactive dashboard. The
dashboard allows learners to create traceable SRL activities. That is, students can
create initiatives, where each initiatives contains a main goal, tactics and strategies
to be adopted by the student to achieve the goal, tools to be used in realizing said
tactics and strategies, and continuous monitoring of the progress made by the
student towards achieving the goal.

2 Characteristics of self-regulation

This section provides the groundwork for the framework with respect to the
current literature and a select set of SRL tools. A number of key models have been
proposed from different perspectives about self-regulated learning [15, 16, 17].
These models can be classified into two main types: the sociocognitive and the
information processing perspective.

A sociocognitive perspective regards self-regulated learning as a triadic process
influenced by personal, behavioral, and environment events [15, 17]. The
information processing perspective highlights the role of information as the
catalyst of self-regulation across multiple phases. These phases of information
processing perspective include defining the task, setting goals and planning how to
reach them, enacting tactics, and adapting metacognition [16].

The information processing perspective has its unique contributions that provide
insights into the nature of self-regulated learning. First, this model provides
alternative methods to measure self-regulated learning as an event and as an
aptitude. Second, this model emphasizes the monitoring and control as the core of
each regulation phase. Third, the recursive nature of self-regulated learning is also
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explicated by continually updating the products of each phase. Finally, this model
separates the phases of task definition from goal setting and planning.

A few self-regulated learning tools have been developed, including gStudy [18],
metacognitive tool [19], and Learn-B [20].We provide, in Table 1, a comparison
of these three tools in terms of the learning context, self-regulatory processes and
adopted learning technologies.

Table 1. Key characteristics of self-regulated learning tools.

Dimensions gStudy Metacognitive Learn-B
tool
Learning context Any topic in Biology Organizational
reading context of
comprehension workplace
learning
Self-regulatory Metacognitive Planning, Setting
processes Monitoring, Monitoring, goal,Monitoring
Enacting tactics  Enacting tactics, learning processes
Handling task
difficulties
Adopted technologies Multimedia Hypermedia; Semantic ~ web-
technologies Agent based
technologies

These tools can be treated as contemporary in SRL and yet they do not
automatically analyze learners’ self-regulated learning abilities, especially across
different learning contexts. The proposed framework aims to engage learners in
creating SRL-specific activities, to trace earners’ interactions related to those
SRL-specific activities, to measure the degree of self-regulation in these activities,
and infer the relation between enacted SRL activities and learning performance.

3 Framework Architecture

As shown in Figure 1, the framework consists of three main components:
Learning Events Sensor, Analytics Server, and Analytics Dashboard. A discussion
on the learning events sensor is available from [21, 22]. The proposed framework
uses IMS Caliper [23] framework to capture and share online learning interaction
data. Caliper employs the IMS Sensor API for the instrumentation, collection and
exchange of data from Learning Tools/Systems and associated Learning Content
elements. This will enable the availability of standard metrics accessed via any
given Analytics Store and associated APIs. All collected data are stored on the
Analytics Storage.
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The Analytics Server has two key functionalities. First, it aims to relate different
datasets available in the Analytics Storage. For instance, it relates the performance
of a student on a particular assignment with the learning outcomes associated with
that assignment and the skills associated with the outcomes. Quantitative
measurement of application of skills with respect to this specific assignment can
then be related to the overall skills development of the student. Second, the
Analytics Server engages the student in creating ‘initiatives-based intelligent
interactions’ (III). Each initiative is explicitly created by the learner or modified
by the learner based on a pre-existing initiative. Based on Winne’s model [16], the
initiative contains information on task, goals, plans, tactics, strategies, and
adaptation mechanisms. More importantly, each element within the initiative is
self-monitoring by design. For instance, if the student has outlined a time-based
plan to achieve a goal using a particular strategy, the framework will continuously
monitor the time constraints specified in the plan, continuously assess the degree
of success of study strategies used by the student, and continuously measure the
progress of the student with respect to the goal. The initiatives are ‘intelligent’ in
that they classify themselves and provide an ontological big picture view of the
study habits of the learners in terms of competencies and competency growth.

The Analytics Dashboard presents learners with an interactive interface to reflect
on content, study habits, and initiatives. Further, students can also create, visualize,
interact with, or control initiatives from within the dashboard. Key functionalities
of the dashboard include reporting on study activities, customizing initiatives,
visualizing datasets, and recommending course of action.

Analytics Server

Learning Platform(s)

Learning Events

Analyzing SRL

Analytics “ Activities &

Storage Competencies

Sensors

Analytics Dashboard

Fig.1. A framework for analyzing self-regulated learning & competencies
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The rest of the paper consolidates ideas behind this framework with application-
specific scenarios.

4 Applied Scenarios

This section illustrates different scenarios for using a tool based on the proposed
framework in a particular domain, learning a programming language, as an
example. The students of the programming language course are learning though
LMS and using IDE for completing the learning tasks. It is assumed that software
sensors are installed on IDE. Before the course delivery, the course instructor
identifies the course learning outcomes in terms of competencies and skills
associated with each competency. Each course unit is related to a subset of the
course competencies and skills. For example, a course unit introduces object
oriented programming (OOP). Coding OOP competency is associated with that
unit, which consists of a set of skills: class, constructor, interface method and
object coding. The instructor initiates a set of tasks for the unit and defines the
required level for each associated skill. The skill level is measured based on
several data captured in IDE such as: frequency of errors, number of code lines,
number of debugging and others.

Once a student receives a task, he/she can use the proposed tool to monitor and
measure his/her self-regulation information, both metrics and beliefs, such as the
similarity of the task with other accomplished tasks, level of difficulty, required
knowledge, motivation, self-efficiency and so on. Student can also define the task
goals in terms of skill levels, strategy, plan and tactics to achieve those goals. For
example, one tactic could be using the dashboard to visualize error data. The
dashboard allows the student to monitor, evaluate and adapt his/her self-regulation
during the task. It informs the students of other students’ skill levels, which might
trigger him to take an initiative towards improving his/her skill level. The student
can design a task to target specific skills or select one of the recommended tasks to
accomplish, based on his current competency level. During the evolution of self-
regulation and co-regulation process, big data analytics is conducted to examine
the strength of triggers and initiatives on competency development.

A concrete scenario is a student who is skilled in basic programming but lacks
code testing skill. He/she has not been taught any practical testing methodology in
any courses up until now. Because of this, this student thinks each programming
course should have testing competencies. However, testing methodologies vary
according to the type of code written - testing the efficiency of a sorting algorithm
is quite different from testing how an artificial intelligence behaves. The proposed
tool accounts for one testing competency encompassing multiple methodologies,
each uniquely presented in an initiative for each unit. The tool engages the student
in a conversation such as "Unit 3 introduces new concepts that require different
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testing methods than those presented previously. Would you like to learn more?",
then assists the student understand testing in the context of the new unit.

Furthermore, student self-evaluations are supplemented by the proposed tools’
own evaluations. In example, a student indicates that “I'm very experienced at
exception handling, don't pester me about it”. However, the first assignment has a
question about exception handling, and the student does poorly on it. This triggers
the exception handling competency, and the tool begins a dialog with the student
"I know you said you understand this competency, but you did poorly on a related
question. Would you like to reconsider?”" Or "You said that you don't understand
this competency, but have been doing exceptionally well. Would you like me to
stop prompting you about it?"

The proposed tool is also capable of assisting students in goal-setting. Another
student has received a lower grade than expected in an assignment and isn’t yet
sure where the problem is. Because of this, this student goes into the tool and then
finds the tutor’s comments noted that he/she was having a hard time using loops
cleanly and suggests that the student review the unit on Control structures. The
student still has no strong understanding of what he/she misunderstands, so
doesn’t select any more specific areas of focus. The tool pulls all of competencies
and skills from the Control unit of the course. Each of these has a set of resources
which the student can use, if desired, as well as links to outside resources. These
have all been set up by the course coordinator several months ago. The proposed
tool selects the competencies which the student seems to have scored lowest on,
since the student hasn’t selected any specific direction of study.

The proposed tool monitors student activity and provides feedback when
thresholds are met. Suppose the previous student has set him or herself two hours
to complete a thorough reading of course materials, but when the two hour
threshold approaches the student has not registered the task as complete. The tool
will engage the student in a conversation at this threshold, presenting the initiative
details and encouraging changes without requiring them. The student changes the
time limit from two hours to four, and changes the task details to cover what he or
she has discovered to be the most vital areas of the problem. The student may also
change his or her strategy choice, add resources, or invite commentary from a
tutor.

5 Conclusion

To sum up, a novel framework of analyzing online self-regulated learning
processes and competencies is proposed in this study. Based on this framework,
the tool of self-regulated learning is designed to capture the evolution of
competency triggered by self-regulated learning activities. Several application
scenarios shed light on how the tool provides just-in-time feedback by the
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initiatives. This promising tool can also provide personalized and adaptive
recommendations for teachers and students. The big gap between researchers and
educational practitioners can be minimized by creating personalized initiatives by
teachers and students. In future studies, the effectiveness of the tool will be
validated based on empirical data. The longitudinal study should be conducted to
investigate the influence of the tool on students’ competency.
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Abstract. In response to the modest use of technology in most classrooms
without significant influence on learning, we proposed a framework to design and
evaluate the technology-rich classroom environment from the physical and
psychosocial aspects. A survey was done to confirm the structure and the internal
consistency reliability of the questionnaire we developed based on the
framework. The results indicated the framework was useful for designing and
evaluating technology-rich classroom environment. In the end, several
suggestions have been put forward to indicate the methods for optimizing the
classroom environment.

Keywords: classroom, learning environment, technology-rich classroom,
evaluation.

1 Introduction

Since the 1990s a massive amount of resources has been expended to create
universal access to technology in schools. The underlying assumption fueling these
investments is that use of technology in the classroom will transform teaching and
learning[1]. Despite the investment, researchers have consistently observed modest
use of technology without significant influence on teaching and learning in most
schools and classrooms[2][3][4]. Acknowledging the challenge of technological
innovation in schools, scholars have argued for the need to shift our attention from
technology and software to the design of learning environments and learning
activities[5]. The design and evaluation of learning space are therefore emerged to
focus on the rebuilding of formal and informal learning places in school by utilizing
proper technology[6]. Classroom space is one of the most important learning spaces
where most of the formal learning activities and teaching activities take place.
However there are lots of problems exist in classroom environment when
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considering the learning needs of the new generation of students who were born and
grown up in digital technology[7]. How we help change classrooms into something
fundamentally different from what is typically encountered by students today, and
after that to improve teaching and learning efficiency to enhance learning experience
and learning outcome? In order to answer these questions, we have developed a
framework to design and evaluate technology-rich classroom environment.

2 The framework for designing and evaluating technology-
rich classroom

Most of the classroom layouts are “rows of seats and tables facing forward ”;
teachers are fixed on the podium for managing computer; classes with PPT is no
better or even worse than traditional class[8]. All these problems in classroom make
classroom a place of no attraction for digital native students have a culture of
connectivity and online creating and sharing[9]. However, literature revealed that
the design of learning space should consider the characteristics and behavior of
learners[10]. The classroom design and evaluation should also consider the
characteristics of learners.

Generally, the physical, social and psychological aspects are the three dimensions of
evaluating classroom environment, and there are direct associations between
psychosocial environment and physical environment[11]. We focus on the physical
aspect and psychosocial aspect of classroom environment in this research.

Looking back the research about physical aspect of classroom environment, we
could find that the layout, lighting and air quality were the main focus of
research[12]. However, few researchers have done research about classroom
environment from the perspective of pedagogy, but different pedagogy asks for
different learning space[13]. Therefore we proposed a framework for designing and
evaluating physical classroom environment, as shown in Fig. 1
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Showing

Enhancement Manageable

Tracking Accessible

Fig. 1. Elements of physical classroom environment

When considering the psychosocial aspect of classroom environment, lots of scales
and inventories have been developed and validated. “What Is Happening In this
Class? (WIHIC)” is one of these scales which has been used extensively all over
the world[14]. WIHIC includes seven dimensions of student cohesiveness, teacher
support, involvement, investigation, task orientation, cooperation and equity. As we
mainly discuss the classroom environment from pedagogy aspect, the student
cohesiveness and equity are not included in this study. Therefore we formed a
framework for designing and evaluating psychosocial aspect of classroom
environment, as shown in fig.2.

Teacher Support

Cooperation Involvement

Psychosocial
Aspect

Task Orientation Investigation

Fig. 2. Elements of psychosocial classroom environment
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According to the elements of physical and psychosocial classroom environment,
we finally proposed the framework for evaluating technology-rich classroom, as
shown in table 1.

Table 1. Framework for evaluating technology-rich classroom

Dimensions Annotation
Showing (S) Showing of learning and instructional content
Mgl e iciond
Accessible (A) Accessing to digital resources
Tracking (T) Tracking learning process/ environment
Enhancement (E) Technology can promote physical environment factors
Teacher support (TS) Students can feel the help from teacher in class
Involvement (IN) Students feel engaged in classroom learning activity

Students conduct inquiry-based learning in class and solve

Investigation (IV) problems using inquiry method

Students feel they could finish the learning activities and

Task orientation (TO) focus on learning

Students feel they could collaborative with other students

Cooperation (CO) in class

3 Method

We first selected a middle school to do survey using the questionnaire Classroom
Environment Evaluation Scale developed from the framework, and then data was
analyzed in SPSS 21.0 and .

3.1 Sample

The sample employed in this study consisted of 283 students from a middle school
in Beijing, China. The sample consisted of 87 grade 7 students, 73 grade 8 students,
70 grade 10 students and 58 grade 11 students. The female sub-sample constituted
53.3% of the full sample.
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3.2 Instrumentation

Based one the framework for evaluating classroom environment, we developed a
questionnaire Classroom Environment Evaluation Scale (CEES) for evaluating
classroom environment, which consisted of 10 dimensions and 5 questions for each
dimension.

3.3  Data analysis and interpretation

There were four distinct components to the analyses conducted in the present study.
First, confirmatory factor analysis (CFA) and scale reliability analysis were
employed to substantiate the structure of the CEES. A second-order CFA model
was hypothesized. Fig. 3 illustrates this model in which classroom environment (as
assessed by the CEES) was the second-order variable, which was indicated or
assessed by 10 first-order variables (the 10 CEES scales). In turn each of these 10
scales were indicated by 5 observed variables (the 5 items for each CEES scale).
Second, according to the data in the past large scale survey and the present study,
we proposed a baseline for each dimension in CEES for evaluating classroom
environment. Third, several suggestions have been put forward to indicate the
methods on how the improve the classroom environment in that school.

4 Results

4.1 Confirmatory factor analysis

As indicated above, confirmatory factor analysis (CFA) was performed on the data
to substantiate the structure of the 50-item CEES. Classroom environment (as
assessed by the CEES) was the second-order latent variable, which was indicated
or assessed by 10 first-order latent variables. In turn each of these 10 scales were
indicated by 5 observed variables. Fit statistics for this model were: RMSEA=.056,
CFI=.914 and NFI=0.928. These statistics indicate good model fit to the data and
confirm the 10-scale structure of the CEES. For the paths between the 10 CEES
scale latent variables and the CEES latent variable, loadings ranged from 0.610 to
0.943, as shown in Fig.3.
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4.2 Scale statistics

Reliability coefficients (Cronbach coefficient alpha) were computed for each scale
(see Table 2). Indices ranged from .77 for tracking to .95 for investigation show
that all scales had very satisfactory internal consistency.

Table 2. Internal consistency reliability

Scale S M A T E TS |IN |IV | TO | CO

Cronbach
a

0.81 | 0.84 | 0.87 | 0.77 | 0.93 | 0.90 | 091 | 0.95 | 0.92 | 0.93

4.3  Associations between Physical and Psychosocial Environment Factors

Simple correlation and multiple linear regression analyses were computed to
explore possible associations between psychosocial environment scale variable and
physical factors. In Table 3, a number of significant independent associations
emerged between physical environment variable and psychosocial variable. Further,
significant independent associations emerged between the physical variable and
psychosocial variable. These results suggest that these physical attributes of a
learning space could influence the psychosocial environment.

Table 3. Association between physical and psychosocial variable using simple correlation (r)
and multiple regression analyses (8)

Psychosocial variable

Physical | TS IN v TO Cco
variable r B r B r B r B r B
S 0.600” | 0.097 | 0.382" | -0.106 | 0.476" | 0.019 | 0.552" | 0.153" | 0.550”" | 0.096
M 0.663" | 0.325™ | 0.429™ | 0.045 | 0465 | 0.004 | 0.510” | 0.0416 | 0.522" | 0.016
A 0327 | -0.102 | 0.406™ | 0.057 | 0.396"" | 0.037 | 0.340"" | 0.004 | 0.402” | 0.033
T 0589 | 0.126" | 0.516™ | 0.146" | 0.550" | 0.121" | 0.591" | 0.207" | 0.599" | 0.131"
E 0.485" | 0.096" | 0.503" | 0.236™ | 0.600"" | 0.349" | 0.636" | 0.385™ | 0.723" | 0.489™"
Multiple
correlation

(R) 0.761 0.684 0.725 0.728 0.799

4.4 Indicators for classroom environment

We could calculate the mean value for each of the 10 scales in CEES, and a large
scale sample survey could indicate the baseline for each scale. In this study, we
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have the assumption that 0-0.4 stands for bad status, 0.4-0.8 stands for normal
status, 0.8-1 stands for the idea status, which should be tested in future research.
As shown in Fig.4, the yellow line is the status of physical classroom environment
in the school. It is easy to see that “A” is in the bad status that should be improved
urgently. The psychosocial environment could also be expressed in this way of
radar chart.

T A

Fig. 4. Status of physical classroom environment

5 Discussion and Conclusion

The findings of this study on classroom environments have revealed several
important conceptual and substantive implications for learning environment
researchers, administrators and classroom practitioners.

First, SMATE model has been tested the usefulness to design and evaluate the
physical aspect of classroom environment. The five dimensions of showing,
manageable, accessible, tracking and enhancement could be used as the indicators
for the optimization of physical classroom environment, and the five dimensions of
TS, IN, IV, TO and CO could be seen as the guidance for the development of
psychosocial environment.

Second, Classroom Environment Evaluation Scale (CEES) has been validated with
limited samples, and a large-scale survey needed to be done to validate the scale in
a broader sense.
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Third, both the five indicators of physical classroom environment aspect and the
five dimensions of psychosocial aspect could be represented in a radar diagram
which could show clearly which dimension is strong and which is weak, and then
the school could adopt strategies accordingly.

In order to promote the fully infusion of technology in classroom learning and
teaching, the design and evaluation methods for classroom environment become
more and more important, which is also one important part of smart learning
environment.
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Abstract. Our university is currently developing an advanced physical-digital
learning environment that can train the students with better discussion and
presentation skills. The environment guarantees an efficient discussion among
users with state-of-the-art technologies such as touch panel discussion tables and
posters. It includes a data mining system that efficiently records, summarizes, and
annotates the discussion. It will be further enhanced by using a vision system to
facilitate the interactions enabling a more automated discussion mining.

Keywords: learning environment, skill training, discussion skill, presentation skill,
discussion mining

1 Introduction

Recently, a lot of attention has been paid to evidence-based research, such as life-
logging [1] or big data applications [2], that proposes techniques to raise the quality
of human life by storing and analyzing data of daily activities in large quantities. This
technique has been applied in the education sector but a key method has not been
found yet because it is generally hard to record intellectual activities, accumulate and
analyze data in a large scale, and compare it with a person’s physical activities,
position, movement information, and the like. Although there are some recent studies
on the automated recording of intellectual activities in more detail, their techniques
are not sufficient to be applied to an automated evaluation of a person’s intellectual
activities. Thus, this study aims to develop a new environment to empower the skills
of students based on the abundant presentation and discussion data analyses.
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This study focuses on the new graduate leading program of Nagoya University
that aims to cultivate future industrial science leaders (http://www.rwdc.is.nagoya-
u.ac.jp/index-e.php). The leading graduate program has a new physical-digital
environment for facilitating presentations and discussions among the selected
students of the program. In particular, the presentations and discussions of the
students are recorded in detail, and the mechanism for knowledge emergence is

analyzed based on a “discussion mining” system.

2 Discussion Mining System

The “discussion mining” system generates knowledge discovery from discussion
contents during face-to-face meetings. This previously developed system [3], shown
in Fig. 1, generates structured minutes for meetings semi-automatically and links
them with audiovisual data. This system summarizes discussions by using a personal
device, which captures information, called “discussion commander.” The created
content is then viewed using the discussion browser, which provides a search

function that lets users browse the discussion details.

= L]
! ' Ig:‘raﬂcd Armay
‘ N ®
‘ Projector . _ Participant ®
& /Screen Camera - & Camen @

Presenter Camera

Sub Screen

MicroplEsne ‘ Presenter [ o

LT

Discussion Commander|

Speaker
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Fig. 1. Discussion mining system

Since it is difficult to apply the discussion mining system to informal discussions
and poster presentations, the current system was extended and new facilities were

built, which led to the creation of the Leaders’ Saloon.

3 Leaders’ Saloon: A New Physical-Digital Learning
Environment

The Leaders’ Saloon shown in Fig. 2 is capable of creating discussion contents using
the discussion tables, the digital poster panels, and the wall-size whiteboard.
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wall-size
whiteboard

discussion table

digital poster
panel

Fig. 2. Leaders’ saloon environment

3.1 Discussion Table

Each student uses a tablet to connect with the facilities including the discussion table.
The content and operation history of the whiteboard are automatically transferred
and shared to the server, the “meeting cloud.” Previous whiteboard contents can
easily be retrieved and any texts or images can be reused. Such reference and
quotation operations are recorded and analyzed to discover semantic relationships
between discussions. Furthermore, a software that analyzes temporal changes of the
whiteboard contents with the corresponding users is also being developed.

3.2 Digital Poster Panel

For poster presentations, a digital poster panel system is used for content and
operation analyses. The system helps the users create digital posters and analyze their
creation process. The system also supports the retrieval of previously presented
posters and allows the users to annotate them, which are automatically sent to the
author and analyzed to evaluate quality. The poster presentations are also
broadcasted by streaming on the Web as well as the regular slide-based presentations.
The system collects and analyzes the feedbacks from comments and reviews by
Internet viewers.

3.3 Discussion Mining

In this study, machine learning techniques are employed to obtain deep structures of
presentation and discussion contents. Techniques like deep neural networks integrate
several context information such as users’ operation histories. By integrating the
results of subject experiments on presentations and discussions, different methods to
evaluate the quality of students’ intellectual activities and to increase their skills are
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discovered. The system tries to perform some consensus building processes to make
evaluation results appropriate for each student.

4 Future Features of the New Learning Environment

The current training environment contains a 2D interactive system, such as touch
panel discussion tables and posters, facilitating the interactions of users with the
system. However, to further enhance the performance of the current learning
environment, a vision system will be incorporated to increase the interaction
dimension to 3D. The system will consist of a multi-camera system, or Kinect that
has a camera and rang sensor device. Moreover, an automated evaluation and
facilitation of intellectual activities will be applied to confirm whether the skills of
the students improve, and whether their created contents obtain a higher evaluation
than previous ones.

5 Conclusion

A novel physical-digital learning environment for discussion and presentation skills
training has been developed at our university under the leading graduate program.
By using state-of-the-art technologies, the selected students of the program will
achieve an effective, interactive, and smooth discussion with the discussion mining
system simultaneously summarizing and annotating the ongoing discussion. The
discussion contents are available to the community or to the faculty for evaluation,
feedback, and follow-up activities. With this prototype environment, a new education
system may emerge promoting an efficient and advanced learning.
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Abstract. This paper discusses the development and validation of the smart
classroom scale (SCS). The SCS is derived from existing technology integration
learning environment instruments, including TROFLEI, TICI and CCEIL To
accurately describe the smart classroom, the scales of flexibility use of smart
classroom, learning data, and learning experience are added to SCS. More than
three hundred 11 to 15 years old learners were invited to validate the instrument.
Result of the study indicated that there are ten scales of the SCS: Spatial design,
Flexibility use of smart classroom, Technology usage, Learning data,
Differentiation, Investigation, Cooperation, Learners cohesiveness, Equity, and
Learning experience. The Cronbach’s alpha reliability of the SCS instrument is
0.902. This shows that SCS is a parsimonious instrument for assessing the
technology-rich smart classroom.

Keywords: instrument; smart learning environment; smart classroom;
technology-rich classroom

1 Introduction

1.1  Learning environment and the instruments for measuring technology
integration learning environments

The learning environments in schools were described as “a classroom or school
climate, environment, atmosphere, tone, ethos, or ambience” [1]. Lizzion, Wilson
& Simons found perceptions of a good teaching environment influence learners
towards deep approaches to studying; and perceptions of teaching environments
influence learning outcomes both directly and indirectly [2].

The use of computer in the classroom altered the relationship between teachers
and learners. It allows learner more freedom and power to plan and complete his
own learning activities, and it also changed the teaching and learning patterns and
procedures in school classrooms. In order to describe accurately the new
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characteristic of classrooms with learners using computers for learning, instruments
about learning and teaching in classrooms with learners using computers for
learning were developed.

Aldridge, Dorman, and Fraser developed the Technology-rich Outcomes-focused
Learning Environment Inventory (TROFLEI) which includes 8 dimensions as
learner cohesiveness, teacher support, involvement, investigation, task orientation,
cooperation, equity, differentiation, computer usage, and young adult ethos [3].
WU et al developed the Technology Integrated Classroom Inventory (TICI) which
includes technological enrichment, inquiry learning, equity& friendliness, learner
cohesiveness, understanding & encouragement, competition & efficacy,
audiovisual environment, and order [4]. Based on the application of portable
computers in the secondary school math class, Newhouse developed the New
Classroom Environment Instrument (NCEI) including 8 dimensions as
involvement, affiliation, teacher support, group work, competition, order and
organization, teacher control, and innovation [5]. Zandvliet constructed the
Computerized Classroom Ergonomic Inventory to describe the physical
environment and equipment of the classroom [6].

1.2 Assessing the characteristics of smart classroom

Smart classroom often described as the technology-rich classroom, equipped with
wireless communication, personal digital devices, sensors, as well as virtual
learning platforms [7]. The digital facilities enable smart classrooms to be an open
learning environment and they provide opportunities for learners to learn in
authentic learning context; explore in virtual learning environment as well as
provide multichannel for learners to communicate, interact and cooperate. The
environment of the smart classroom can stimulate learners’ learning motivation and
provide opportunities for learners to engage in individualized and social learning
activities [8, 9].

Learning in smart classroom emphasizes 1) usage of ambient intelligent
technology, 2) support for seamless learning activity, 3) collection and model of
learners’ data, and 4) authentic learning experiences.

Although smart classroom can be treated as the technology integration
classroom, some existing instruments like TROFLEI, TICI could be adopted to
assess smart classroom. However, several measurements have not been considered
in the existing instruments, such as flexibility use of smart classrooms, adaptive
learning support, and offering of authentic learning experience. The exclusion of
such distinct features will obscure the characteristics of smart classroom to be fully
reflected. The aim of the study is to develop a comprehensive instrument focusing
on all the characteristics of smart classroom, as well as addressing the limitation of
previous instruments.
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2 Method and Procedure

2.1 Instrumentation

This study starts to develop the smart classroom scale by initially gathering salient
scales form existing technology-integrated classroom instruments, including
Technology-Rich ~ Outcomes-Focused  Learning  Environment  Inventory
(TROFLEI), Technology Integrated Classroom Inventory (TICI) and Computerized
Classroom Ergonomic Inventory (CCEI).

This study chooses specific scales from various existing instruments in relation
to the characteristics of smart classroom. For example, TROFLEI’s computer usage
scale and TICI’s technological enrichment scale measure the application of
computer for teaching and learning activities were selected. TICI’s inquiry
learning, competition & efficacy scales highlight information technology impact on
the active, constructive teaching and learning activities and TROFLEI’s
differentiation scale measures the individualized learning were selected. CCEI’s
workspace environment scale describes the spatial arrangement of classroom was
also selected.

Trickett and Moos described a schema for evaluating the classroom environment
in three dimensions: system maintenance and change, personal development, and
relationship [10]. This schema is popularly used as the conceptual framework for
development instruments of learning environment. The collective scales were
categorized into three dimensions of moos schema, as shown in table 1. The items
of each collective scale were added into the item pool. If there is more than one
scale with identical meaning, only one was retained. For example, TROFLEI’s
investigation and TICI’s inquiry learning have similar meaning; this study selected
the TROFLEI’s investigation items into the item pool.

Table 1 collective scale from TROFLEI, TICI, and CCEI

Trickett and TROFLEI TICI CCEI Collective scales
Moos schema
System Computer Audiovisual Workspace Workspace
maintenance Usage environment environment environment
and change Technological Computer Spatial
enrichment environment environment
Visual Computer usage
environment
Spatial
environment
Air quality
Personal Task Inquiry learning Differentiation
development Orientation Competition & Investigation
Investigation efficacy Cooperation
Cooperation

Differentiation
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Relationship Learners Learner Learners

cohesiveness cohesiveness cohesiveness
Teacher support ~ Understanding & Equity
involvement encouragement
Equity Equity &

friendliness

Order

Although the collective scales contained the physical environment, the teaching and
learning scenarios, and the relationship in smart classroom, some critical feature of
smart classroom, such as flexibility use of smart classroom, learner data based
pedagogical decision making and adaptive learning support, and authentic learning
experience were not included. This study added items in the dimensions of learning
data, flexibility use of smart classroom and learning experience into the item pool.
Items of the new scales were derived from two approaches: 1) some research for
smart classroom, for example, item like “the devices and software help me to get
hands-on experience with the learning objects or learning context” was derived
from Huang’s study of 4-grade science class in the butterfly garden [7]; and 2)
brain storm with experts in domain of smart classroom, for example, the item like
“I can find out my learning history, like my homework, and discussions in the last
semester”.

Finally, this study constructs the smart classroom scales with 63-items, focus on the
physical appearance, teaching and learning activities, and ecology of smart
classroom, as shown on table 2.

Table 2. Description of the SCS

Scale

Description

Sample of Item

Spatial design

Flexibility

Technology usage

Learning data

Differentiation

Investigation

The extent to which the spatial area,
furniture equipment, and information
technology infrastructure of smart
classrooms

The extent to which the flexible
support for users by classroom
environment

The extent to which learners use
information technology as a tool to
learn and to access information.

The extent to which the information
technology was used to acquire and
compute the learn data of the users.

The extent to which teachers cater for
learners differently on the basis of
ability, rates of learning and interests.

The extent to which skills and
processes of inquiry and their use in
problem solving and investigation are

I have adequate workspace for
putting textbooks, tablet PCs and
other resources.

The classroom can be a theater, a
group working place or other scenes
for different learning purposes.

I deal with my assignments using
computer or other digital devices.

I can find out my learning history,
like my homework, and discussions
in the last semester.

I can learn at my own pace.

I carry out investigations to test my
ideas.
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emphasized.

Cooperation The extent to which learners 1 can cooperate with somebody
cooperate with one another on through Internet in the classroom
learning tasks when doing assignment work.

Learners The extent to which learners know, I help other class members.

cohesiveness help and are supportive of one
another.

Equity The extent to which learners are The teacher gives as much attention
treated equally by the teacher. to my questions as to other learners’

questions.

Learning The extent to which learners’ The devices and software help me to

experience satisfaction and some special learning get hands-on experience with the
experience in smart classroom learning objects or learning context.

2.2 Validation of the newly constructed scale

In total, 324 learners age from 11 to 15, in eight classes of 4 primary and secondary
schools in metropolitan area of Shenzhen, China were invited to make response to
the newly constructed small classroom scale. These four schools are all practicing
e-learning for more than one decade. All learners have experience of learning in the
one student with one tablet PC learning environment with wireless connectivity.

With the consensus of the school administration, the SCS questionnaire survey
was conducted with the targeted learners. The questionnaire contained a cover
sheet in recording the details of the survey and learners’ information. The survey
contained three parts: participants’ basic information, response to the SCS
questionnaire with experience of existing use of digital technology in classroom,
and the response to the SCS questionnaire with preferred classroom environment in
the future. The existing practice in classroom asked about the current learning
environment; and the preferred classroom environment asked about the ideal
learning environment of learners. All questions were measured using a 5-point
Likert-type scale with anchors from almost never (scored as 1) to almost always
(scored as 5). Seventeen questionnaires were discarded due to incomplete data.
Finally 307 learners’ responses were used for data analysis.

3 Results

3.1  Psychometric Characteristics of the SCS Instrument

Internal reliability was tested using the individual learner as a unit of analysis for
the Cronbach’s alpha coefficient. As shown in table 3, the Cronbach’s alpha
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coefficient of existing practice in classroom of the SCS is 0.902 and preferred
classroom environment of the SCS is 0.954. The Cronbach’s alpha coefficients of
each dimension of existing practice in classroom of the SCS ranged from 0.584 to
0.854, and the Cronbach’s alpha coefficients of each dimension of preferred
classroom environment of the SCS ranged from 0.547 to 0.901. Besides flexibility
use of smart classroom, the Cronbach’s alpha coefficients of all dimensions in both
existing practice in classroom and preferred classroom environment forms of
response are all higher than 0.7.

Table 3 Summary of measurement scales

Scale name Items Cronbach a Mean Standard
Deviation

Exist. Pref. Exist. Pref. Exist. Pref.

Spatial design 4 0.711 0.846 13.52 18.68 3.41 2.68
Flexibility 3 0.584 0.547 8.75 13.21 3.06 242
Technology usage 4 0.854 0.859 12.40 18.03 4.78 3.45
Learning data 4 0.702 0.717 9.71 17.09 4.24 3.42
Differentiation 4 0.767 0.882 9.92 17.85 4.11 3.45
Investigation 5 0.818 0.901 14.63 21.42 4.92 4.82
Cooperation 4 0.719 0.810 11.44 17.70 3.84 3.29
Learners cohesiveness 4 0.812 0.895 16.56 19.06 3.17 2.14
Equity 4 0.786 0.825 14.76 18.55 3.62 2.60
3

Learning experience 0.741 0.769 10.60 14.12 3.02 3.59

3.2 Verification of the instruments

The results of exploratory factor analyses (EFA) on the Existing and Preferred
Forms of the SCS were shown in table 4. A principal components analysis with
varimax with Kaiser Normalization rotation yielded 10 factors for the existing form
of SCS. These factors accounted for 56.3% and 67.5% of total variance explanation
in scores on the existing form of the SCS. Items with Factor loading values below
0.4 on their own scales or greater than 0.4 on each of the other scales were
eliminated.

Table 4 Result of EFA
Scale Factor Loading
Item1 Item?2 Item3 Item4 Item5
Spatial design 0.58(0.79")  0.72(0.84)  0.76(0.73)  0.55(0.80)
Flexibility 0.70(0.80)  0.67(0.67)  0.82(0.44)
Technology usage 0.82(0.78)  0.77(0.78)  0.82(0.80)  0.80(0.83)

Learning data 0.67(0.79)  0.81(0.59)  0.67(0.70)  0.63(0.63)
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Differentiation 0.64(0.80)  0.81(0.88)  0.78(0.86)  0.69(0.70)

Investigation 0.68(0.73)  0.70(0.82)  0.73(0.83)  0.74(0.82)  0.65(0.74)
Cooperation 0.72(0.70)  0.71(0.73) ~ 0.68(0.75)  0.75(0.76)

Learners cohesiveness 0.81(0.84)  0.77(0.87)  0.77(0.82)  0.76(0.81)

Equity 0.85(0.82)  0.83(0.84)  0.72(0.77)  0.59(0.66)

Learning experience 0.76(0.71)  0.77(0.61)  0.83(0.69)

* The numbers are the factor loading of preferred form.

Thus, a total of 39 items in10 factors were extracted, with the KMO 0.858 and total
accounting for 62.54% of the explained variance in existing form and KMO 0.902
and total accounting for 68.19% of the explained variance in preferred form. The
10 extracted factors are the same with the proposed 10 factors.

4 Conclusions

This study developed the Smart Classroom Scales (SCS) using data from primary
and secondary schools in China. The results of validation support the fact that SCS
has a parsimonious structure and sound psychometric properties. Ten scales of
spatial design, flexibility use of smart classroom, technology usage, learning data,
differentiation, investigation, cooperation, learners cohesiveness, equity, and
learning experience, and 39 measurements are included in SCS in order to access
learners’ perceptions of technology-rich smart classroom. In the future, researchers
of this study will revise the items in flexibility use of smart classroom in order to
improve its internal reliability, and confirmatory factor analysis will be conducted
to the smart classroom scale to test the goodness-of-fit.
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Abstract. It is always difficult to solve the problem that how to help
international students to learn second language (L2) out-class seamlessly. This
paper considers using social network analysis with learners’ location information
to accelerate second language (L2) cold-start acquisition in context. This
approach is based on the Ubiquitous learning log system called SCROLL. In
proposal approach, first of all, when learners go to a new environment and do not
know what they should learn there, they check in the location information.
Secondly, proposal approach will recommend learning logs for them using
social network analysis method based on learners’ location information. At last,
this paper does the evaluation experiment and discusses the result.

Keywords: context learning- location based- ubiquitous learning

1 Introduction

When international students begin living in new countries or environments, it is
essential for them to use their language skills in context. But no matter whether he
has learned it before or not, it is too hard to learn or use their second language skills
in the real environments and in context. Therefore, how to help international
students to learn second language (L2) in context out-class has become to a
problem. Additionally, mobile devices can influence how information is gathered
and used in education [1]. SCROLL, is developed to let learners to use mobile
devices to learn second language in context [8]. When leaners study, SCROLL will
record not only the learning contents, but also the learning environment data, like
GPS information, temperature, speed, photos, audios, and even battery information.
When learners enter the learning environment again, SCROLL will notice learners
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to learn what they should learn. On the other hand, with learners’ environment
information, SCROLL can analyze learning habits to find similar learners, suitable
learning content, and enhance willingness to learn.

But if learner has no learning log or not enough in the environment, SCROLL
will not recommend any learning log for him.

This paper aims to accelerate international students’ L2 acquisition and
application in context using social network analysis method with learners’
environment information. In proposal approach, when learners go to a new
environment and check in the location information with the name of the location,
proposal approach will generate a relationship network with the point of location to
find related learners, words, locations. At last, recommend related learning logs for
learners.

2 Previous Work and Issues

2.1 SCROLL

SCROLL allows the learners to log their learning experiences with photos, audios,
videos, location, QR-code, RFID tag, and sensor data, and to share and to reuse
ULLOs with others everywhere and anytime [8]. By this, language learner can
record their learning experience whenever and whatever as the Ubiquitous
Learning Log Object of SCROLL.
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Fig. 1. SCROLL recalls learning contents for learners with LLO Notification.
Fig. 1 shows the LLO notification process to help recalling learning contents.
When learn add a learning log to SCROLL, SCROLL will record the environment
data. If the learners enter the same environment again, SCROLL will reminder
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learner that what they have learned there. Like this, SCROLL can help learners
learning from their experiences.

2.2 Problems in SCROLL and Proposal Solution

When L2 learners add a log to SCROLL, SCROLL will record the GPS
information, learning contents and time at that time.

In SCROLL, when learners go to the same location, SCROLL will remind the
log they learned before for reviewing and finding related words.

But, the first time learners enter the new environment and do not know what they
should learn, SCROLL will not recommend any learning log for them, until
learners add learning log and location data to SCROLL..

I Social |
Network O O g
- Analysis | . .
*  Location | = = *  Location |v

o ©
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Fig. 3. Proposal Approach Network Chart.

The proposal approach is that when learners do not know what they should learn,
they check in the location with the name. SCROLL will find suitable learning log
for them using social network analysis method. The network chart of proposal
approach is shown as Fig. 3.

When learners do not know what they should learn, they use proposal function to
select location information. Then SCROLL will recommend suitable learning
contents for them. With proposal function, learners’ learning mode can be changed
from passive learning to active learning.

Proposal approach will find suitable learning log as follow process.

e [earner check in location information with name;

e Proposal approach find logs that is added at the same place and similar time;
e Proposal approach find related place and suitable logs there;

e At last, proposal approach recommend ULLO list for the learner.
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3 Related Works

Social network analysis investigates ties, relations, roles and network formations,
and a social learning network analysis is concerned with how these are developed
and maintained to support learning [5]. Therefore, a lot of researchers began to
focus on using social network analysis to find the relationship between learning
contents, learners, learning environment and so on.

Haythornthwaite, C used social network analysis to understand social learning
that is based on the network learning “hotseat” discussion. [6]. Haythornthwaite, C
also reputed that the most important contribution of social network analysis is this
whole network view that takes the results of pair-wise connections to describe what
holds the network together. [6]. Thus, it is easy to see the whole view and catch the
point of learning network.

Additionally, Martinez, A. has developed a system called Computer Supported
Collaborative Learning (CSCL) system for the study of classroom social
interactions [7].

In this paper, location information is used as the point of the learning network
with social network analysis method to find relations between learners and learning
log contents.

4 Method

4.1 Developing Check-in Function

To find learning logs by location information, firstly, it is necessary to get learners’

location information where they want to study.

e  When learners want to study, but they do not know what they should learn,
they open SCROLL, and check in the location.

e  Proposal function get location data, and list names of location for learners to
select.

e After selecting, the result and time will be saved in SCROLL database.
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'? Get location
by GPS data

Search Result

Fig. 4. Location Informati

In fig. 4, name means the name of the location. Address means the address of the
location, type means type of the location. Lat means latitude and longitude means
longitude of this location. With these data, proposal function can find similar
location for learners.

As we all know, because of the defect of GPS technology in mobile phone, it is
too hard to get the exact location data. Thus proposal function make learners to
select their location name in a name list instead of determining it by system.

Learners can check in their location in SCROLL with proposal function. What’s
more, the location data can be prepared to generate the learner-location-content
network.

4.2  Find Suitable Learning Contents

After getting learners location information, proposal function will build the
network to find similar learning contents for learners with social network analysis.
e  Firstly, find learning contents that added at the same place.

e  Secondly, find learners who have added the learning contents here before.

e  Thirdly, find similar location information with the data in database.

e At last, make up learning content list for learner.

Algorithm flow chart is shown as fig. 5. In third step, until all the similar
location and contents are found, this step can be over. If there is the same station
and type in two records in database, proposal function consider the two location are
similar locations. Then, find the learning contents there.

When learners go to new environments and do not what should learn with
SCROLL, they can use proposal approach to check in location information and
suitable learning contents list will be recommended for them so that accelerate L2
learning in context.
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Fig. 5. Proposal Algorithm Flow Chart.

5 Evaluation

5.1 Method

This evaluation experiment has been conducted to find answers to following
questions.
e  Does this proposal function is helpful for students’ L2 learning in context?
e Is the number of logs added by proposal function more than current function?
The participants are 6 international students who are studying abroad in Japan,
and learning Japanese. They are not the students in SCROLL yet. Therefore, there
is no learning log in their account of SCROLL. The time living in Japan is less than
half year. Three of them come from China, another one comes from America, and
another one comes from Mongolia, and the last one comes from France. They are
all students in the University of Tokushima.
Then, they are divided into two groups, one is a study group which consisted of
3 students, the other was a control group which contains 3 students. They all use
SCROLL smart phones version to complete this evaluation. SCROLL in the
experimental group includes our proposed function, and the SCROLL in the control
group includes only current function. They participated in this experimental
evaluation for one week.

5.2 Result



Accelerate Location-Based Context Learning for Second Language ... 59

Table 5 shows the number of learning logs in experimental evaluation for each
group. And table 5 shows the number of learning location in experimental
evaluation.

Table 5. Font sizes of headings. Table captions should always be positioned above the tables.

Experimental Group Control Group

Number of Logs 358 164
Number of different Locations 14 9
Average of per location logs 25.57142857 18.22222222

Obviously, in the same period, members in experimental group has added more
learning logs than members in control group. In the other words, they learned more
Japanese words than members in control group. Additionally, in the same period,
more learning locations has been saved in database by experimental group than
control group. Members in experimental group went to more place for L2 learning
so that they can learn more in context. Therefore, this paper can consider that
international student can get a better result for L2 learning in context with proposal
function in SCROLL.

There are 4 same places both group have added to SCROLL. Fig.6 shows the 4
places and results.
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Fig. 6. Proposal Algorithm Flow Chart.

The first one is The University of Tokushima, the second one is a supermarket,
the third one is a restaurant, and the last one is a park. Because participants are all
international students in The University of Tokushima, Logs at The University of
Tokushima is the most. The third one is fast food restaurant near school,
participants often went there for dinner. The difference between each group is not
so big at the first place and third place. But the number at the other two places is
big. To current SCROLL system, the more learners study at the same place, the
more SCROLL can recommend learning contents for learners. Therefore, proposal
function can help learners learning at new environments.
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6 Conclusion and Future Work

When international students go to new environments and do not know what they
should learn, this paper uses social network analysis to build a
learner-location-content network to find the relations between learners and contents
to recommend learning contents for them, so that help them accelerating context L2
learning in SCROLL.

Proposal approach uses location information as the link to build analysis network
and find learning contents just with similar location. In future, we should consider
learning habit, time, learner profile or more conditions to find more suitable
learning content for learners’ L2 acquisition.
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Abstract. In this paper, we define a fundamental model of e-assessment in e-
learning based on the analysis of the needs of learners and tutors. Therefore, we
describe an innovative approach to specify an adapted workflow for flexible e-
assessment system. This approach is based on refinements techniques which are
specified by UML activity diagram language. Firstly, we propose an e-
assessment generic workflow composition based on workflow refinement. Se-
condly, we provide from a composed generic workflow a flexible e-assessment
workflow. We define a flexible e-assessment workflow as an e-assessment
workflow tailored to each learner profile. This flexibility is defined by an adap-
tation workflow refinement. Based on adaptation workflow functions, we define
a set of adaptation rules to specify a flexible e-assessment workflow.

Keywords: e-assessment; flexibility; workflow; specification approach;
adapted workflow; UML-AD workflow refinement

1 Introduction

The importance of e-learning has considerably grown with the progress of the Internet
and the performance of personal computers. The greatest benefit of e-learning is to be
capable to take delivery of education in spite of proximity and distance between tutor
and learner. However, e-learning faces many challenges and problems which have
been reported by works published in [14,15]. Among these problems, the major one is
that the number of learners signing up for a course and never finishing it is quite im-
portant (between 50% and 80%). As it is mentioned in [14,15], this is due to:

— The need of identification of the real problem or need for analyzing the e-learning
problem.

— The poor overall strategic design of the structure of courses.

— The need of detailed instructional design of the e-learning and e-assessment
processes and the need of their evaluation and revision.

— The problem of the automatic production, reproduction and distribution of peda-
gogic resources and modules in e-learning and e-assessment processes.
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To fulfill these needs, we propose, in this paper, a generic specification and design
approach for e-learning and e-assessment processes based on workflow technology
and learner profile adaptability.

As mentioned above, e-learning needs to be more adaptive and flexible to support any
kind of learner according to his/her capability. In e-learning process, e-assessment
plays a most important role not only to evaluate student knowledge but also to gather
student feedback relatively to a learning content. An e-assessment activity is the fact
that the learner responds to question given by the tutor to evaluate the learner know-
ledge. Therefore, in e-learning environment, learning and assessment processes must
work together as a complete learning process.

Consequently, we need a solid e-assessment approach to evaluate efficiently the
learner knowledge in one hand, and on the other hand to allow tutor to regulate, up-
date and improve his teaching strategy. Such e-assessment approach could not be
suitable for all types of learners as they present different knowledge profiles and
learning behaviors. Some of them need to be assessed on the complete learning mate-
rials to evaluate their overall knowledge. Others may only need to estimate their
knowledge at a particular stage of the learning process in order to access to the suita-
ble learning material.

Hence, we need a flexible e-assessment approach which evaluates each learner’s
knowledge relatively to its learning behavior profile.

To attempt this objective, we propose an approach to specify a generic e-assessment
process. We use workflow technology to coordinate different tasks and to model e-
assessment process. To specify this e-assessment workflow process, we use UML
activity diagram language [2]. Then, our approach is based on a workflow composi-
tion by refinement to reduce complexity. In addition, we define a set of refinement
rules to adapt the e-assessment process for each learner.

The rest of the paper is structured as follows. In Section 2 we describe steps of our
approach. Section 3 illustrates how to build a workflow e-assessment process. In
section4, we define a workflow composition by refinement. Section 5 presents a flex-
ible e-assessment refinement. We briefly conclude with the summary of the paper and
outline the directions of the further work in Section 6.

2 Generic E-Assessment Specification Approach

We propose a generic approach for the e-assessment to fulfill the need of a stra-
tegic design of e-learning and e-assessment process. As mentioned in the introduction,
the proposal of this approach is argued by the need of:

e A generic and pedagogic strategy adapted to different learner profiles.

e Standard models of e-assessment process allowing their evaluation and revision.

e  Workflow structure and enactment engine to coordinate between different peda-
gogical modules and learning activities permitting the automatic production, re-
production and distribution pedagogic resources and modules.

Therefore, we propose a generic e-assessment specification approach based on the
following steps:
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3

Stepl: Generic E-assessment workflow: consists of describing the generic
workflow model of e-assessment process. At this step, we analyze the existed
LMSs and we identify their main and common activities or tasks. Then, we use a
workflow technology for coordinate these activities, in order to acquire a
workflow e-assessment process. As we could not separate the e-assessment
process from the learning process, we propose to specify both of them in a same
workflow pattern. To express and specify this e-assessment workflow process,
we use UML AD [2] as a standard modeling Language.

Step2: Refinement for composition of e-assessment Workflow: from stepl we
get a generic e-assessment workflow. This workflow is composed of an important
number of activities. We propose in this step an e-assessment workflow refine-
ment. This refinement allows reducing the complexity and facilitating the man-
agement and analysis of this generic workflow.

Step3: Refinement for e-assessment workflow flexibility: builds, for each learn-
er, an adaptable and personal workflow relatively to his knowledge level and his
availability. This adapting is defined by a set of refinement rules specifying the
flexibility of the e-assessment workflow.

Generic E-assessment Process

In this section, we provide a generic e-assessment workflow process. To build this
generic process, we are brought about following the next steps and activities. Our
process to provide this generic e-assessment process is:

Analyze and study the existing LMSs functionality: We studied and analyzed a
set of existing LMSs (Learning Management System) such as [10,11,12,13] ex-
plored the functionalities that they offer to realize the e-assessment process.
LMSs provide several e-assessment tools and not a global e-assessment process.
Learning Management Systems (LMSs); such as Moodle, OLAT and LAMS.
Collection of e-assessment tasks from exist LMSs: In this step we collect the e-
assessment tasks used by several LMSs to specifying and define generic e-
assessment tasks or activities. A typical e-learning system is represented by the
following important concepts: (Student, Teacher, Course Administrator, Course,
Content, Class, Goals, Test, Assignment, Assessment, ...).

Creation of workflow: Define e-assessment process by coordinating specified
generic e-assessment activities in a workflow structure. By this we define a ge-
neric and an abstraction view of the assessment process. We use workflow tech-
nology to have flexible e-assessment systems. A workflow consists of a set of
linked activities. It represents an abstract and global view of the work of a person
or a group of persons. Therefore, workflow manages, in an abstract manner, the
synchronization of e-learning and e-assessment activities of the course develop-
ment between learners and tutors. This e-assessment workflow model should be a
good communication axe between teachers, learners and the e-assessment sys-
tem.

Due to the lake space, we reduce our e-assessment process to a normal scenario:

we try to test learner on each level of training to guarantee its comprehension and to
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help him to reach a high level of knowledge. In our work, we are interested in the
formative e-assessment because learners are more concerned in how they have per-
formed their activities more than to compare their work to other learners. Further-
more, we are interested in the two varieties of question: objective and subjective tests.

As presented in Fig.1, the learning starts by choosing his studied course. Then, the
e-learning content is composed into smaller parts to facilitate deployment and execu-
tion assignment. After the reading of each part, the learner carries out a set of objec-
tive test activities. The e-assessment system corrects automatically these activities and
gives a score according to the answers of the learner. Learner passes to following part
only when it reaches a score determined by the teacher. This score and the interval
time of the execution activities are saved into file log. These files help teacher to fol-
low learner behavior. If the result is under the score given by e-assessment system,
the system must, for example, allow the tutor to add additional stages for a student to
help him exceed her difficulty. In fact, learners need regular feedback in order to
know how their performance was evaluated, and how they can improve it, and also
how their grades are computed. At the end of the lesson, tutor proposes a set of sub-
jective questions in order to observe the complete view of what a student comprehend
from the lesson, as presented in Fig.2. If results are under the score given by e-
assessment system, the teacher would give more clarification to learner. This, feed-
back could be presented more frequently for the users who have started to make more
mistakes, and feedback can be delayed to slow down students who are answering too
quickly and sloppily.
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Fig. 1. Workflow e-assessment part

After correction of activities, system affects score and updates a file log. Using the
generated file log, the tutor will define the design of the following lessons according
to the behaviour of individual learner.

e Use of standard model notation: As we propose a generic approach for the e-
assessment, we use UML AD as a standard workflow notation. The use of UML
activity diagrams in the description of workflows is argued in several works such
as works presented in [5] [4]. Thus, the advantage of UML activity diagrams is
that they provide an effective visual notation and facilitate the analysis of
workflows composition.



Adapted e-Assessment System: Based on Workflow Refinement 65

[ ]
Do subjective Receive Update Log
responses File

question i

< (@)
- 3 +
Receive results Send results Generate
and orientations and orientations =core
> 3 1

[Bad resulf [G ood result]

Read Passed to
clarifications next lesson

Fig. 2. Workflow e-assessment Lesson

4 Generic workflow: refinement for composition

As e-assessment process contains important number of activities, it is considered
as one of the most large and complex process. To reduce this complexity and facilitate
the e-assessment management and analysis, we propose in our generic specification
approach to define the e-assessment workflow through several abstraction levels.
Therefore, the e-assessment process is described at a high level of abstraction by a
single UML AD activity. It represents the goal of the e-assessment. We consider this
activity as a composed activity which will be subject of a series of iterative refine-
ments. These refinements provide details for the e-assessment model. This model
specifies the generic e-assessment workflow, presented in Fig.3. Thus, we use
workflow composition by refinement based on UML activity diagram language [2]
inspired form work presented in [7]. In the following, we present the architectural
view of the generic approach for detail the refinement process that we use to provide a
generic e-assessment workflow.

1)  First level of the composition, Abstract level: This level specifies the process
e-assessment activity which should be achieved by each learner.

2)  Second level of composition; First Refinement: We have use a UML activity
diagram to specify the global progression behavior and the work part of both actors:
the learner, the teacher and e-assessment system. Each swim line of the activity dia-
grams represents a role of the workflow actor (teacher or learner or e-learning sys-
tem). Workflow e-assessment Activity is composed in two alternative sub-process:

e E-assessment Part: it consists to test learner on each part of lesson content by
using objective tests.

e FE-assessment Lesson: consists to test learner on the whole of lesson content by
using subjective tests.

3)  Third level of composition: Second Refinement: We refine the workflow E-
Assessment Part into activities performing the e-assessment for each part of lesson,
presented in Fig.1. We refine the process E-Assessment Lesson into some activity,
presented in Fig.2.
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5 Flexible e-assessment workflow

The flexibility of e-assessment systems provides accommodation for the evalua-
tion of different types of learners styles in assessments. Students learning styles con-
tribute significantly to the manner of how they assimilate information during the
learning process. This paper is concerned a procedure to formalize and build learners
personalized e-assessment. The approach suggests combining learner’s dynamic as-
sessment with adaptive course presentation. We observe the user during a learning
process and adapt to his progress the learning and assessment materials. If the learn-
er’s performance does not meet the pre-defined expectations, the presentation of the
course content is adapted to his level of knowledge and selection of the appropriate
assessment content is then performed. Each learner is therefore able to get a highly
personalizes course appropriate to his level of knowledge. Our approach is suitable
for individual learners tacking a self study distance learning course. Generally, the
level of assimilation of each learner is not the same. Thus, the number and the kind of
e-assessment activities and the courses contents are not similar. The delivering of the
same e-learning workflow model to different learners is not adapted to the specific
needs of personal learners. In fact, to specify an adaptive and flexible e-assessment
workflow, we need to provide an e-learning content according to a particular learner’s
needs, therefore a personal and adapted workflow model. Consequently, we propose
to refine the generic e-assessment workflow in order to adapt it for each learner pro-
file (Fig.4). This refinement is on a number of refinement rules such: AddAC, DelAC
and EditAC based on the knowledge learner and some exception. We define three
refinement rules based on the following refinement functions: AddAc, DelAc and
EditAc. Applying these functions on a generic workflow, we provide an adapted e-
assessment workflow relatively to the learner profile. An adaptation rules is defined
as follows:

| if Condition then Action
Where Condition specifies a criteria choice of the adapted rule and the Action
represents the adapting action based on the relative adaptation function.

Next, we detail the role and the choice criteria of each of these functions.

1) AddAc:
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a) Choice criteria: When a learner has difficulty in such part of the course con-
tent or he wants to be moreover evaluated in such part, we can insert a new activity
which makes him to concrete his needs.

b) Description: Insert a new activity in a generic or adapted workflow W:
AddAc: W X Ac > W
(Wi, AC) - W§
Here, W represents a set of generic and adapted e-assessment workflow. Ac is a set
of standards activities such Do question, send activities, send result... .
2) Del Ac:

a) Choice criteria: Our e-assessment approach is flexible and can treat excep-
tion. For example, when the teacher builds a work plan, he can stop possible assis-
tance points besides pertinent points (necessary for tutoring).

b) Description: Delete activity from workflow.

DelAc: W [ Ac->W
(Wi, AC) » W#
3) EditAc

a) Choice criteria: If the teacher detects that the same exception arises at the
same point in all workflow cases (the learners meet the same problem) then he can
decide to modify the process model. It should be noted that adapted workflow can be
constructed using the proposed rules. Then an adapted workflow is generated by ap-
plying the three rules.

b) Description: Modify one or some activities of workflow.
DEdit Ac: WX AcX Ar - W

(Wi, AC, AR) > W§

W# is the workflow results from replacing AC by AR.

E-assessment Generic Workflow

Refinemant1

Additional information

e————
®

Fig. 4. Flexible workflow refinement
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6 Conclusion And Future Work

In this paper, we have proposed a generic e-assessment approach based on flexible
workflow for adaptation individual profile learner. We have specified the workflow
model by a standard modeling language, the UML activity diagram language. We
have used in our approach an UML-AD refinement technique for modeling and de-
scribing workflow applications. Based on this refinement, the first step of the ap-
proach provides an UML-AD specification of a generic workflow. In the second step,
we have defined a set of adaptation rules to achieve an adaptable workflow for each
learner. As future work, we plan to continue with the implementation of our approach
to more improve our idea in flexible e-assessment system.
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Abstract: In the past few years, the advances of the tablet computer
have captured the imagination of the educators all around the world.
The determination of the tablet computer familiarity is an important
issue. There were some computer familiarity questionnaires or scales
developed in the past studies; however, the questionnaire of tablet
computer familiarity was not concerned yet. The purpose of this study
was to develop a tablet computer familiarity questionnaire. 409 college
students took part in this study. According to the item analysis and the
exploratory factor analysis (EFA), there were 32 items under 5 factors
in the questionnaire. The Cronbach’s alpha coefficient of the
questionnaire was 0.916 and the Pearson’s correlation coefficient was
acceptable. In other words, the reliability was suitable. Further
discussion would be given regarding to the questionnaire.

Keywords: Tablet Computer, Familiarity, Questionnaire

1 Introduction

In the past few years, tablet computers (such as Apple iPad, and Microsoft Surface)
became one of the most important mobile devices in our daily life, was widely used
in the teaching and learning all around the world. Tablet computer has come to be
viewed as not just a new category of mobile devices, but indeed a new technology
in its own right-one that blends feature of laptops, smartphones, and earlier tablet
computers with always-connected Internet, and thousands of apps with which to
personalize the experience.

Many policymakers, and the school leaders regarded the tablet computer as an ideal
teaching and learning devices and encouraged the teachers and students to apply
the tablet computer into the class. Thus, nowadays, many educational institution
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and K-12 school have been using tablets as a cost-effective alternative to the
notebook when carrying out the one-to-one technology-enhanced learning[1].
However, some studies indicated that the tablet computer would be the potential
issue of the technology in the class and had a negative effect on the
performance[2][3] of the teachers and students who were unfamiliar with it. So we
should determine the tablet computer familiarity of the teachers and students.

There is not any questionnaire that has been particularly developed to measure
tablet computer familiarity and for which validity and reliability have been proven.
However, there were some computer familiarity questionnaires or scales
developed in the past studies. With the widespread use of the computer in the
language examinations (such as TOEFL, GRE), many researchers[4][5] have
developed the questionnaires of computer familiarity and studied the relationship
between computer familiarity and performance on computer-based TOEFL test
tasks[6][7]. In their research, they developed the computer familiarity from four
aspects: access, attitudes, experience or use, and related technology. There were 23
items include access or where use computers, self-assessment of attitude and
ability, use of and experience with computers, and use of and experience with
related technology. Goldberg and Pedulla [8] studied the performance differences
according to test mode and computer familiarity on a practice graduate exam. The
computer familiarity questionnaire was 31 items dealing with the participants’
familiarity with specific computer hardware and software and the frequency with
which they used various computer skills. Researchers [9] developed a Computer
Aversion, Attitudes, and Familiarity Index (CAAFI). There were 10 items of the
computer familiarity aspect. Yu[10] developed the computer familiarity
questionnaire (CFQ) with five categories and 33 items. The five categories
included assess/availability to computers, attitude to and ability of using computers,
with computer-related technology, use of and experience with computers, problem
solving when encountering difficulties. In summary, the computer familiarity
questionnaire mainly included six aspects: access/availability to table computers,
attitude to tablet computers, ability of using tablet computers, use of and experience
with tablet computers, with tablet computer-related technology and problem
solving when encountering difficulties.

As we know, the tablet computer has many characteristics that are different from
the computer and will affect learning and reading performance. For example, the
interactivity (multi-touch) and flexibility (easy to get the content) of the tablets will
change the paradigm of reading and learning[11]. With significantly larger screen
and richer gestured-based interfaces than their smartphone predecessors, the new
tablet computers are ideal tools for sharing and getting content, videos, images, and
presentations because they are easy for anyone to use, visually compelling, and
highly portable. Therefore, it may be not suitable to use the computer familiarity
questionnaire or scale directly to determine the tablet computer familiarity. So this
study is to develop a tablet computer familiarity questionnaire, and confirm the
validity and reliability in order to specify a tablet computer familiarity.
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2 Methods

2.1  Participants

The participants of this research consisted of 409 students (287 females and 122
males) in different specialties, and they were all sophomore or junior students from
20 to 23 years olds (M = 22.25) in Beijing Normal University. Since all the
students obtained education for twelve years, they do not have any trouble in
reading. 135 participants were included in the item analysis, 150 participants were
for the exploratory factor analysis, and 124 participants were for test-retest.

2.2  Development Process of the Questionnaire

The Development of Item Pool

We performed an initial literature review about computer familiarity and how
computer familiarity influence reading or language exam[5]. By brainstorming, we
adapted the items about the computer familiarity and developed the item pool
included 46 items in six aspects: access/availability to table computers (6 items),
attitude to tablet computers (10 items), ability of using tablet computers (12 items),
use of and experience with tablet computers (7 items), with tablet computer-related
technology (5 items) and problem solving when encountering difficulties (6 items).
A five-point Likert type questionnaire method was used to each item’s options, and
they were organized and graded as “Strongly agree” (5), “Agree” (4), “Neutral” (3),
“Disagree” (2), “Strongly disagree” (1).

Experts Review

First draft questionnaire was prepared to form and examined by three experts. Two
are experts in the field of education technology who affirmed the validity of items
and the questionnaire form’s structure, and one is a linguistic expert who asserted
the expression of the questionnaire form was articulate.

Procedure and Data Analysis

Firstly, the first draft questionnaire was examined online by 135 participants. An
item analysis was conducted with the aim of determining how well the items
discriminate between individuals with high familiarity and individuals with low
familiarity. In this version, 46 items were demonstrated in random order and we
carried out items validity analysis on the data collected. From the result, we
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removed 7 items which could not discriminate differences between individuals.
There were 39 items left in the questionnaire with 31 positively formed items and 8
negatively formed items.

Secondly, the revised questionnaire was examined online by 150 participants. The
exploratory factor analysis was carried out on the data collected in order to examine
the structure of the questionnaire form. Initially, the principal component analysis
was conducted to determine the number of factors and the factor structure. In
addition, the Promax method was used to do factor rotation in the subsequent
analyses, because it is most appropriate method for correlated factors. We removed
7 items.

Thirdly, the final adapted questionnaire was applied to 150 participants in order to
implement the reliability. We tested the internal consistency level of the
questionnaire. Four weeks later, 124 of the 150 participants completed the retest.
The Cronbach’s alpha reliability coefficient was calculated to test the internal
consistency level. Test-retest reliability coefficient which showed the consistency
of the measure from one time to another was calculated, as well.

3 Results

3.1  Item Analysis

With the purpose of determining how well the item discrimination of the items in
the questionnaire was, the item analysis was conducted on the data collected with
135 participants. The sample ¢ test was carried out to observe the differentiation
between the lowest 27% of groups and the highest 27% of the groups after sorting
raw scores obtained from the item forms the highest to the lowest. From results,
there were 7 items in the questionnaire no significantly discriminated the
individuals belongs to the lower and higher groups. So, there were 39 items left in
the tablet computer familiarity questionnaire.

3.2 Exploratory Factor Analysis

In this session, firstly, we performed KMO and Bartlett test analyses. The KMO
coefficient was .857 the ¥ from the Bartlett was 3076.460 (p <.001). It suggested
that the data was appropriate for the factor analysis. So the principal component
analysis was carried out in the subsequent analysis. It can be concluded from the
scree plot of the factors' eigenvalues that the questionnaire had a five-factor
structure, which the total variance explained was 52.300%. Furthermore, we rotated
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the factors by Promax to calculate the factor loads. As a result, there were 7 items
(Item 6, 8, 15, 17, 27, 30 and 33) in the questionnaire should be removed because
these items cannot meet the requirement that the factor load value should be higher
than .40 and the differences of between the factors load values should not be lower
than 0.10.

Then, we found that the revised questionnaire with the 32 remaining items had a
five-factor structure accounting for 45.381% of the total variance after rotated, and
the factor load values ranged from 0.418 to 0.897. Since the value of the variance
between 40% and 60% was claimed to be sufficient for social science studies, this
questionnaire was within the acceptable limits. The contents of the remaining items
in the factors were examined and the five factors were named based on the
literature review and the aspects of tablet computer familiarity we came up with
before. The factors’ names can be showed as follows: ability of using tablet
computers (F1), use of and experience with tablet computers (F2), availability to
tablet computers (F3), use tablet computers for entertainment (F4) and problem
solving when encountering difficulties (F5). The results of factor analysis could be
shown in Table 1. Compared with the aspects of tablet computer familiarity we
came up with before, the aspect named “computer related technologies” was
removed and a new aspect named “use tablet computers for entertainment ’was
added, we think this difference may be caused by the unique product feature of
tablet computer and we will discuss it more in the later discussion.

Table 1 Factor analysis results of the questionnaire as per factors

Statement Fl F2 F3 F4 F5
2. I think tablet computer is easy to use. 0.437
3. It is difficult to edit text by tablet computer. 0.418
9. I do not know how to navigate information by tablet 0753

computer.
11. I always try to get out by myself when in trouble with

tablet computer. 0.571
14. T am skilled at using tablet computer to get in touch with

. 0.642
my friends.
18. I’d like to try new apps on tablet computer. 0.460
24. 1 do not know how to use tablet computer to watch videos. 0.595
28. I am skilled with listen to music by tablet computer. 0.659
32. I know how to download apps by tablet computer. 0.597
35. I know how to uninstall apps on tablet computer. 0.769
36. I know how to set up tablet computer into existing

0.780

network.
37. I know how to update the OS and apps on tablet computer. 0.673
38. I know how to import files into tablet computer. 0.630
39. I know how to set up personalized settings for tablet 0.855
computer.
1. T usually use tablet computer. 0.719
4. I always browse the Web on tablet computer. 0.818
5. T always use e-Reader to read (such as Amazon Kindle). 0.546

10. I usually use tablet computer to read e-Book. 0.552
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13. I prefer tablet computer to computer. 0.564

22. I already have a tablet computer. 0.672

25. I often use tablet computer to listen to music. 0.897

29. I rarely use tablet computers to watch videos. 0.516

31. I do not like listening to music by tablet computers. 0.601

34. 1 like logging in QQ and microblog on tablet computer. 0.450

19. I am a tablet computer gaming master. 0.789

20. I always use tablet computer to play games. 0.773

23. 1 prefer to use tablet computer to play games. 0.507

7.1 can get a tablet computer anytime I need. 0.543

12. I would buy a tablet computer anytime I need. 0.455

16. I always refer to help docs when being stuck with an app. 0.555

21. I always surf the internet to find out solutions when stuck. 0.427

26. I always try to restart the tablet computer when it crashes. 0.480

Eigenvalue 10.588 3.300 1.524 1.245 1.042

Explained variance 27.148 8.461 3.908 3.193 2.671

3.3  Internal Consistency Reliability

In order to test the internal consistency level of the questionnaire, Cronbach’s alpha
coefficients were calculated. It was found that the Cronbach’s alpha coefficient
regarding all of the 32 items in the questionnaire form was 0.916. And the
Cronbach’s alpha coefficients related to the factors that constituting the
questionnaire ranged between 0.543 and 0.900 and can be presented in the Table 2.
The internal consistency level is acceptable because it is higher than 0.7.

Table 2 The result of Internal Consistency Reliability analysis

Factor Number of items Cronbach’s alpha
F1 14 0.900
F2 10 0.869
F3 3 0.758
F4 2 0.653
F5 3 0.543
Total 32 0.916

3.4  Stability Level

We carried out test-retest to calculate the stability level of the questionnaire. The
revised questionnaire with 32 items was re-applied to 124 participants after four
weeks. The correlations between the scores after each application were tested using
the Pearson’s correlation coefficient. The results are summarized in Table 3.

Table 3 Test-retest results of the items in the questionnaire

Item r Item T Item T Item r
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1 0.761° 11 0437" 21 0.468” 31 0455
2 0396 12 059" 22 0.863" 32 0.290™
3 0.607" 13 0.539" 23 0454 34 0579
4 0.693" 14 0.569" 24 0456 35 0275
5 0.539" 16 0331" 25 0.621" 36 0.533"
7 0.654" 18 0.319" 26 0425 37 0596
9 0306 19  0.681" 28 0.566™ 38 0.561%*
10 0.579" 20 0.575" 29 0.523" 39 0.504%
#p<.001

As shown in Table 3, each item’s correlation coefficients varied between 0.275 and
0.863 and each correlation was significant and positive. That is to say that there
was a highly positive correlation between the two applications. So it can be said
that the questionnaire can make stable measurements.

4 Discussions and Conclusion

In this study, we developed the item pool with 46 items from the literature.
According to the results of the item analysis, it was determined that seven items
were removed from the item pool, the other 39 items in the questionnaire had high
discrimination power. The construct validity was calculated by the principal
component analysis. It was showed that all the items gathered into five factors, and
each item had been under their factors. The questionnaire’s internal consistency
coefficients calculated and it was found that the questionnaire could make reliable
measurements. Furthermore, the test-retest process, which was carried out after an
interval of four weeks, indicated that the questionnaire scores were stable.

The tablet computer familiarity questionnaire had a five-factor structure: (1) Ability
of using tablet computers, (2) Use of and experience with tablet computers, (3)
Availability to tablet computers, (4) Use tablet computers for entertainment and (5)
Problem solving when encountering difficulties. Now, we can define tablet
computer familiarity as not only the ability of, use of and experience with, and
availability to tablet computer, but also the use of the tablet computer for
entertainment and problem solving when encountering difficulties.

Comparing to what we presume according to literature review, the aspect of the
attitude to the tablet computer was adapted, some items on attitude to the tablet
computer were gather into the other factors (such as Factor 2: Use of and
experience with tablet computer), and the others were removed from the
questionnaire. It is deserved for further discussion. The experience of the tablet
computer is highly related with the attitude; the discrimination to the questionnaire
is low. Use tablet computers for entertainment was gather into a new aspect in the
questionnaire. As we know, the tablet computer is a kind of consumer devices. It is
always used for entertainment. Although it is easy to use for everyone, it needs
highly skill for playing games on tablet computer. All the items of the tablet



76

X. Zheng et al.

computer-related technology were removed. It is thought that tablet computer has
come to be viewed as not just a new category of mobile devices, but indeed a new
technology in its own right-one. In the future, we will do the confirmatory factor
analysis (CFA) to confirm the factor structures of the questionnaire.
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Abstract. The study aims to analyze the “smart learning readiness” of elementary
teachers in Korea. The readiness for smart learning in our study was measured by
multiple facets of elementary teachers’ perceptions and practices in the
classroom. We sent out the survey to teachers in Seoul and its suburban areas of
South Korea, and 422 completed surveys were analyzed. The results showed that
1) the physical readiness of smart learning environments, in terms of the
availability of smart devices/media, was low; 2) the professional development
opportunities for smart learning were insufficient, and teachers wanted to know
how to use smart technologies, devices, programs, and how to design smart
learning environments; 3) teachers’ expectation level for smart learning was not
so high, and less experienced teachers expressed higher expectation than more
experienced teachers; and 4) the biggest obstacle to implement smart learning
was a lack of sufficient time for teachers to research and prepare for instruction.

Keywords: Elementary Teachers; Smart Learning Readiness; Smart
Technologies; Professional Development

1 Introduction

The rapid development of Information and Communication Technology (ICT)
has changed every aspect of our life. Over the past 20 years, the digital revolution
has changed the way we play, work, and learn. Schools are not an exception to
these changes. Yet, the changes from technological advances in schools are often
slower than that of other parts of our society. Indeed, it is well known that
innovations in schools are hard to achieve. Possible reasons might include the
reluctance of school teachers to adopt any sort of changes or reforms, and the
rigidness of schools and conservative educational systems [1].

In Korea, the government has since 2011 been driving efforts toward Smart
Learning [2]. Based on Korea’s strong IT infrastructure, Korean government
envisions “anytime, anywhere, ubiquitous education to meet every student’s
needs.” To realize its vision, the Ministry of Education has set action plans that
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include the following topics; 1) developing and distributing interactive digital
textbooks in schools, 2) fostering online learning and evaluation systems and
infrastructures, 3) free use of educational contents, and -cultivating safe
environments for those contents, 4) developing smart learning and teaching
competencies of teachers, and 5) setting the foundation for cloud services in
education. The Ministry of Education defines SMART education as being Self-
directed; Motivated; Adaptive; Resource-enriched; and T7echnology-embedded
education. In other words, SMART education is not just smart technology-utilized
education; rather a reform of educational systems is envisaged that includes
educational contents, methods, evaluation, and environments utilizing ICT and
networked resources, so that every student can be a global leader who is
maximizing his/her potential[2, 3].

Despite these ambitious plans under the national SMART education paradigm, it
is not yet certain whether schools and teachers are quite ready for SMART
education. To this end, this study aims to analyze the current state of schools and
teachers’ readiness to adopt, adapt, and implement smart learning.

In particular, we believe elementary schools and teachers are critical for this
smart learning innovation due to a couple of reasons. First, elementary schools
have more freedom to experiment with innovations than later schooling, since they
are further away from university entrance competitions in Korea. Second, younger
students are born with, and are more familiar with new technologies (i.e., digital
natives). Thus, elementary teachers need to keep catching up with new
technologies, and be able to utilize those new technologies in their teaching and
learning practices to motivate students and hold the attention of students, who
regard it as natural to have instant feedback and immersive interactions in their
everyday life.

We designed a survey study to find out to what extent elementary teachers and
their school environments are ready for smart learning, and what factors might
influence the degree of readiness of the elementary teachers for smart learning in
Korea. Due to a page limitation, we will only report partial results from the full
survey data.

2 Literature Review

Technology integrations in the classroom have been a hot topic of research
interest in the field of educational technology. Well known critical factors that
hinder effective technology integration in the classroom include availability and
access to computers [4, 5]; teacher beliefs and attitudes [6, 7, 8]; availability of
curriculum materials [9]; and technical, administrative, and peer support [9, 10,
11]. Although the availability and access to hardware and Internet in the schools
have been a less issue than other obstacles these days, new development of smart
technologies requires schools to keep updating and upgrading their technical and
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technological resources. It leads to a need for ongoing training and support for
teachers. Teachers need to keep updating their knowledge and skills of smart
technologies and smart learning.

In this study, we investigate “smart learning readiness” in regards to what extent
the general barriers of smart technology integration in the classroom have been
overcome or remained at the present schools. In other words, we explores to what
extents teachers are ready to integrate smart technology in their everyday teaching
practices.

3 Research Method

3.1  Subjects

The survey on elementary teachers’ smart learning readiness was developed by
the authors, and sent out to 450 elementary teachers in Seoul and its suburban areas
of South Korea, in the Fall semester of 2013. After cleaning incomplete surveys, a
total of 422 responses (346 female and 76 male teachers) were used for statistical
analyses. The respondents consisted of 313 BA degree holders, and 109 MA/Ph.D
degree holders. Of the respondents, 15.4% had been teaching for less than 3 years,
24.9% had been teaching for 3~5 years, 27.2% had been teaching for 6~10 years,
and 32.5% had been teaching for more than 10 years in schools.

3.2 Survey Instrument

The readiness for smart learning in our study was measured by multiple facets of
elementary teachers’ perceptions and practices in the classroom, including:
teaching and learning environments for smart learning in schools, expected
outcomes of smart learning, perceived obstacles to smart learning in the classroom,
and professional development opportunities for smart learning.

In addition, questions were included in the survey that asked about teachers’
previous experiences with ICT integrated instructions; personal use of smart
technologies and devices; understanding of smart learning-related policies and
research; support from school administrators; attitudes toward computers, ICT
integrated teaching and learning in the classroom; and teachers’ perception on
general education. However, the analyses of these questions were not reported in
this paper.
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4 Results

4.1  Physical Readiness of Smart Learning Environments in the Classroom

We asked teachers whether the following smart devices are equipped in their
classroom for smart learning, and how often they use them. Computers (for teacher
use), TVs (for projecting the teacher’s computer screen), and printers are prevalent
in most schools; but computers for student use, including Tablet PC or Smart Pads,
are still rare to find in a regular classroom. Technology use in the classroom seems
to still be limited to teacher-directed teaching practices. In addition, for the question
asking whether teachers perceive that their classroom is ready for smart learning,
66.5% (n=278) of respondents answered, “No”.

Smart learning does not necessarily mean 1:1 computing. However, recent smart
technologies and smart devices/media can allow self-directed, motivated, adaptive,
and resource-rich teaching and learning, i.e. SMART education. In particular,
interactive digital textbooks require individual smart devices [3]. Thus, it seems
that schools are not quite ready to take full advantage of smart technologies.

Most respondents (97.1%) said there is a computer lab in their school; but more
than a half (56.5%) responded that they only use the lab 1~2 times per month.
Furthermore, 70.0% of respondents reported that there is a computer lab assistant;
but their main role is often limited to maintaining computers (70.0%), and
introducing/explaining how to use devices and technologies. Only a small number
of teachers (5.6%) reported that their computer lab assistant might help them to
support ICT integrated instruction, or the development of instructional materials. It
is important for teachers to have technical support in the computer lab; but they
also need instructional support from technical experts. This means technical
assistants need to be trained, and develop expertise in the instructional use of
technologies, to support teachers. Also, if each classroom is to be equipped with
individual smart media devices, teachers will need technical support in their
classroom, as well as in the computer lab. Schools should be aware of these
technical support needs in advance, when they move toward smart learning
environments.

Table 1. A list of smart devices available in a regular classroom

Rank Smart devices N %
1 Computers for teacher use 416 993
2 TV 410 98.1
3 Printer 393 94.0
4 Electronic Board 13 34
5 Computers for student use 9 2.3
6 Tablet PC or Smart Pads 8 2.1
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4.2 Professional Development Opportunities for Smart Learning

More than a half of teachers (67.9%) responded that they have never had
professional development on smart learning. In Korea, professional development
(PD) for elementary teachers is quite systematic; there are many topics teachers can
choose from, and there are required hours that teachers should complete. However,
it seems that PD on smart learning is not yet readily offered to teachers. Of the
respondents, only 22.6 % said the opportunities for smart learning PD that they
have been given were sufficient. Specific topics that teachers want for PD include:
how to use educational software, programs, and Apps for smart learning (44.4%),
how to design smart learning environments (28.7%), how to use and maintain smart
devices/media (18.7%), and how to use smart learning for student evaluation and
management (8.2%).

Online professional development can be a good way to offer smart learning PDs
to vast numbers of teachers across the country. It is important for teachers to
experience smart learning by themselves as a learner, especially if teachers are not
digital natives.

4.3  Expected Outcomes of Smart Learning in the Classroom

The survey asked to what extent teachers agree on the expected outcomes of
smart learning in the classroom, using a 5-point Likert scale (5 being strongly
agree). On the total score of the expected outcomes, the respondents gave 3.33 on
average (SD = 0.599). Items for the expected outcomes of smart learning consist of
instructional outcomes, Q&A and feedback between teachers and students,
communication, interaction, high-ordered thinking skills, such as problems solving
and critical thinking, motivation and satisfaction, and knowledge sharing. Teachers
expect smart learning will close the gap between excellent students and
underachievers. Also, smart learning will be able to solve the problem of
educational gap, as well as digital divide among students.

Group differences were analyzed by gender, level of academic degree, and
teaching experience. There was no difference of smart learning expectations
between men and women teachers (t=0.794, p>.005), and between BA and
MA/Ph.D degree holders (t=0.138, p>.05). On the other hand, there was
statistically significant difference among groups of different teaching experiences
[F(3, 418)=1.713, p<.001]. Tukey’s post-hoc test showed that teachers with less
than 3 years of teaching experience (i.c., younger teachers) had higher expectations
for smart learning than teachers with more than 6 years of experience.
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4.4  Perceived Obstacles to Smart Learning in the Classroom

Teacher-perceived obstacles that hinder the implementation of smart learning in
the classroom are as follows. First, the survey results revealed that teachers are
busy doing miscellaneous work, which is not directly related to classroom teaching.
As a result, teachers did not have much time to research and prepare for their
instructional practices. This finding resonates with the earlier studies [7], [10].

Second, there are adequate instructional models, curricula, software, and
educational materials for smart learning. These are not readily available to teachers.
Therefore, teachers feel that they try to change their teaching and learning methods
and materials on their own, without sufficient support and guide from the
government or educational offices in a district.

Third, it is not so easy to maintain and update expensive smart learning
devices/media in the classroom. In the main, the responsibility for managing smart
devices and media in the classroom is up to teachers. However, they are not skillful
at mending and fixing the devices and media.

Fourth, not all teachers are willing to implement smart learning in the classroom
because of several reasons, such as a lack of instructional support, a lack of time for
researching and preparing instruction, a required change of a familiar teaching
style, and personal and organizational psychological resistance to adopting new
learning methods in the classroom. In particular, whenever a new method comes
up, a teacher applying it in the classroom is not assured of whether the new method
will positively affect the effectiveness of education, compared to traditional
teacher-centered instruction.

Fifth, some teachers felt that they are not ready to use and adapt smart devices
and media in the classroom, because they do not have sufficient competencies to
use smart technologies, knowledge of smart media functions, prior knowledge on
teaching and learning in smart learning environments, and previous experiences of
taking full advantage of smart technologies.

Table 2. A list of perceived obstacles to implementing smart learning in the classroom

Rank Perceived obstacles to smart learning N %

A lack of time for instructional research and preparation, due to

1 . 124 302
unrelated miscellaneous work

) A lack of adequate instructional models, curricula, or software for 37 212
smart learning ’

3 Difficulties in maintaining and updating smart devices/media 85 20.7
A lack of willingness to implement smart learning 57 139

5 Teachers’ lack of ability to use smart devices/media 37 9.0

There was no difference of perceived obstacles between men and women teachers
(x*=10.380, p>.05). However, there was a statistically significant difference
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between BA and MA/Ph.D degree holders (3*=12.599, p<.05). BA degree holders
felt that a lack of time for research and preparation, and a lack of adequate
instructional models are bigger obstacles; whereas, MA/Ph.D degree holders saw a
skill-shortage of teachers as a bigger obstacle than others.

5 Conclusion

Korea is well known for its strong IT infrastructure across the nation and
advanced smart technology workforce. A recent national survey showed that 69%
of students of all age (85% of middle and high school students) in Korea possessed
their own smart phone [12]. Nevertheless, the results of this study showed that
schools are not quite ready for smart learning or SMART education, as defined by
the government, and by research. As for all other reforms in education, smart
learning innovations cannot be achieved by a single part of the educational system.
All key stakeholders, including students, teachers, parents, administrators,
community members and the government, should share a common vision for smart
learning, and have the chance to freely discuss the pros and cons of smart learning
and education in the school. This study has only tapped into the bigger question, by
asking teachers what they think and perceive about smart learning. We believe in
the high potential of smart learning for better learning and teaching. Classroom-
based practical research, as well as theoretical research, should therefore be carried
out on topics such as the development of good smart learning materials,
instructional models, strategies, methods; PD for teachers and administrators;
evidence that shows the effectiveness of smart learning on students’ cognitive,
affective, and motivational level compared to traditional instructions, and so forth.
The implementation of smart learning in the classroom does not simply mean the
utilization of smart devices and media. In order for students to experience smart
learning, teachers need to design smart learning environments which include not
only physical environment but also instructional and emotional learning
experiences.
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Abstract. We have developed tablet PC-based software for learning by posing
arithmetical word problems named MONSAKUN where several sentences are
integrated to pose a problem by a learner. We call this type of problem-posing
“sentence integration”. Based on collected data by past experimental use, we
have been analyzing users’ problem-posing process as the selection process of the
sentences. As the first step of this analysis, we found that the first sentence
selected in the process were different in (1) type of approach, (2) type of story
and (3) exercise experience. These results are important to make an elaborate
process model of the problem-posing and adaptive support of the process.

Keywords: Problem posing, arithmetical word problems, sentence integration,
reverse thinking problem, learning analytics

1 Introduction

Learning by problem-posing is well known as an alternative and important way to
promote learners’ understanding in solving arithmetic problems [1,2]. To realize
learning by problem-posing in a practical way, we developed a computer-based
learning environment [3]. The software, named MONSAKUN (“Problem-posing
Boy”), provides an interactive support for learning arithmetical word problems
solved by one operation of addition/subtraction.

The interface of MONSAKUN is explained in Figure 1. A learner is provided with
a set of sentence cards and a numerical expression, and then he/she is required to
pose an arithmetical word problem by selecting and arranging appropriate cards.
Each card contains a number from the provided numerical expression (first, second,
or third number). There are four story types in the exercise: combination, increase,
decrease, and comparison. Although learners do not create their own problem
statements, they are required to interpret the provided sentences and integrate them
into one problem, which is the same as ordinary problem-posing activity in
essence. This activity is called “problem-posing as sentence-integration” [4].
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- Story type (decrease)
- Numerical expression (5-2=7)

MONSAKUN TOUCH Il [Assig]uﬂent requirement: ]

Problem 7

Pose a decrease problem that can be
solved by “5 - 2".

Learners pose problem
by selecting and arranging
sentence cards

I
There are two less oranges than al){(Second number
grapes. I card (2)

1

System check the answer
and give feedback

Fig. 1. Interface of MONSAKUN

The practical use of MONSAKUN at several elementary schools has been reported
in previous studies [3,4,5]. It has been confirmed that the exercise is effective to
improve both problem-posing and problem-categorization abilities. Students and
teachers also enjoyed using this system and considered it useful for learning.

While it is difficult to analyze thinking process in a free problem posing activity,
we can trace learners’ card selection in MONSAKUN which can be considered to
reflect their thinking process. In this study, we examine how learners pose
arithmetical word problems as sentence integration on MONSAKUN. Our
assumption is that learners do not choose sentence cards randomly, but based on
some sort of thinking. As the first step toward analyzing problem-posing activity,
we especially focus on the type of firstly selected sentence card in each assignment.

2 Analysis of MONSAKUN Log Data

2.1 Difference in First Selected Card between Level 1 (Forward-thinking
Problems) and Level 5 (Reverse-thinking Problems)

In this study, the log data of 11 university students using MONSAKUN is
analyzed. We focused on subjects’ log data in assignments at Level 1 and Level 5
which require them to pose forward-thinking problems and reverse-thinking
problems, respectively. In forward-thinking problem, a story represented in the
problem has the same structure with the calculation to derive the answer. This type
of problem can usually be solved easily by the learners. In reverse-thinking
problem, the story and the calculation operation structures are different, so learners
are required to understand the problem structure well to pose this kind of problem.
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Table 1 shows the proportion of first card chosen by subjects in Level 1 and 5.
From the analysis, we found that the proportion of each sentence card to be selected
firstly is not even. This shows that subjects did not choose a card randomly, but
with some sort of approach.

Table 1 Percentage of first selected card by the subjects

Type of first selected card Level 1 (%)  Level 5 (%)
First number card 91.8 58.7
Second number card 33 16.5
Third number card (question mark) 4.9 24.8

Furthermore, there are different trends between Level 1 and 5. We presume that
subjects had different approach to pose either forward-thinking or reverse-thinking
problems. In forward-thinking problem, the approach to choose cards by the order
of numbers in the numerical expression can be applied easily. However, in reverse-
thinking problem they cannot easily pose problem with the same approach. This
type of problem requires learners to think about the numerical relation in the given
problem and reflect it to the choice of cards.

2.2 Change of Approach through the Exercise

In this section, we would like to explain further how the subjects change their way
of thinking during problem posing exercise by looking at the type of story, order of
assignment, type of first selected card, as well as the type of sentence.

Table 2 shows the characteristics of first selected card from each assignment at
Level 5 that has marginal/significant difference in number of selection from the
average. These results were analyzed with binomial test to the amount of each card
chosen in each assignment. Based on our assumption that students posed problems
by selecting cards through a thinking process, we expect the distribution of first
selected card to have a significant difference in comparison with other cards.

During simple forward-thinking problems exercise at Level 1, we found that
subjects’ initial approach is to simply choose a card with the first number in the
required numerical expression. In reverse-thinking problems exercise at Level 5,
they firstly did the assignment with the same initial approach. However, this did not
work well, and they tend to make more mistakes than in the previous levels. We
presumed that the subjects were aware that the previous approach of choosing first
number card did not work for reverse-thinking problems, because in the second
assignment of Level 5 they tend to choose another type of card. We could observe
from Table 2 that subjects changed their approach from the first assignment in a
type of story to the second and third assignment in the same type of story.
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This leads to two findings about changes in subjects’ way of thinking through the
exercises. The first one is that subjects change their approach to pose problems
after they had experienced posing the same type of story. The next finding is that
the change of approach depends on the type of story, as we can see that subjects
made different first card selection in different story type.

Table 2. Result of binomial test of first selected card in Level 5 assignments

No | Type of story Order of Type of first Type of p-value
assignment selected card sentence
1 Combination | 1% First number card Existence 7.05%10° wok
2 ond First number card Relational 1.88*107 wok
3 31 First number card Relational 1.97%10° *ok
4 Increase 1™ First number card Existence 1.89%10” *E
5 ond Second number card Existence 0.0504 +
6 31 First number card Existence 0.0504 +
7 Decrease 1™ First number card Existence 2.35%10™ ok
8 o Second number card Existence 2.35%10™ wE
9 31 Second number card Existence 2.35%10™ *E
10 | Comparison | I* - - -
11 ond Third number card Relational 0.0266 *
12 31 Third number card Relational 0.0266 *

**: significant difference (p<.01), *: significant difference (p<.05), +:, marginal difference (p<.1)

3 Concluding Remarks

In this research, we have conducted analysis of university students’ problem posing
activity to investigate their way of thinking in posing arithmetical word problems.
From the analysis, we found that the first sentence selected in each assignment
were different in several ways depending on the type of story and subjects’ exercise
experience. Furthermore, we infer that users of MONSAKUN were able to
recognize the differences in problem structure depending on type of story, as they
changed their approach to pose problems for different story types.

For the next step of this research, we plan to perform the analysis to a larger data of
MONSAKUN use by elementary school students. The result will be used to make
an elaborate process model of problem-posing and adaptive support of the process.
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Abstract. This paper reviews “The foolish lady” experiment: a serious game aimed
to increment youngsters’ interest towards the classical theater play. The article
overviews all the phases of the project, from game design to the evaluation in
schools, the results obtained and how these have helped us shape our current
research in new and innovative ways, such as taking into account players gaming
profiles to better adapt the learning approach to the student.

Keywords: Serious games; Gaming profile; Digital Humanities; Theater and
videogames.

1 Background and introduction

In the past decade, many studies have been conducted to investigate the effectiveness
of educational games, especially in STEM (Science, Technology, Engineering and
Mathematics) disciplines, such as mathematics [1], computer science or civil
engineering [2], but also in subjects like visuospatial reasoning or business [3]. This
is partly a consequence of the strong advocacy for using games to capture more talent
into STEM disciplines [4].

Comparatively, the potential benefits of applying serious games in humanities
have been less explored, apart from some experiences related to social sciences [5],
geography [6], language [7] or history. Literature and scenic arts have not received
the same level of attention [8]. We think popularity of videogames can help to bring
young people closer to these arts. For example, serious games could be used to
motivate students towards classic theater, which is the purpose of this study.

And as this paper is about theater, it is organized following the Aristotle’s parts
of a tragedy (exposition, conflict, climax and resolution). Act 1 includes the creation
of the game and its evaluation in an experimental setup. Act 2 shows the conflict that
arouses when the results obtained did not fully met our expectations and how we
struggled with data in order to find a plausible explanation. The climax of this paper
comes with act 3, as the solution to the riddle is obtained based on the analysis of
how students’ gaming preferences and habits influenced the results. Finally, Act 4
wraps up the paper and provides the reader with some carry-on thoughts.
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2 Act 1: Exposition (Everything the audience needs to know
to understand the play)

This study stems from the worrying decrease of interest among young people
towards classic theater. Studies from Argentina, Chile, EEUU and Spain [9]-[12]
alert that the existing gap between theater and youngsters could put at risk the future
of this literary genre in the medium term. We consider that videogames could be an
interesting way to motivate young people to attend to classic theater plays and to
learn more about the classic stories [13]. We created an educational game called “La
Dama Boba” (“The Foolish Lady” in English) based on the homonymous classic
theater play by Spaniard writer Lope de Vega.

2.1  Creating the game

The game creation process was based in the acting theories proposed by Constantin
Stanislavski [14]. Stanislavski’s Method proposes a series of techniques for actors
using concepts that have a significant overlap with game design, mainly related to
finding motivation and units of action in the dramatic text. The aim of this system is
to help actors generate true emotion through action; being actions any human
behavior that will be conducive to a change, either in oneself or in another subject.

The actor’s first tool to draw this map is the objective. Objective is what a
character wants at a particular time. If the objective is what the character wants,
motivation answers the question: Why the character wants that? Thus motivation
arises before the objective and causes it. Stanislavski argued that to transform a
performance into something “interesting to watch” every objective must have a
conflict associated to it. The conflict opposes the objective. Characters try to end the
conflict to achieve their objectives through actions. So, conflicts generate actions
performed to end those conflicts. An actor, according to Stanislavski, should analyze
the whole script using this method before playing. In this process he must segment
the text into units. A unit is a portion of a scene that contains a unique objective (and
conflict) for one character.

Stanislavski also developed the concept of superobjective, which provides a
character with her main goal in the play as a whole. The superobjective is considered
the spine of the performance, with the temporary objectives as different vertebrae.

For example, Hamlet has a superobjective: to avenge his father murder. To
achieve 1it, he has different objectives throughout the play such as convince her
mother to abandon his uncle’s bed. The conflict opposing to that objective is that her
mother does not want to. The goal of the action is to resolve the conflict. While
analyzing a dramatic text, the actor segments the play to find the different units of
conflict, focusing on the main events that change the goals of the character
throughout the play.

We designed a methodology for applying Stanislavski’s focus on events to drive
goals and conflicts into digital game design [15]. The first step is to pick up a
character of the play that will be the player’s avatar. In our method, this step means
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choosing the point of view under the story will be told. The same play could be
adapted in as many ways as characters participate in the plot. That choice determines
what drives the game and must be made with care. Thereafter Stanislavski provides
the guiding principles to find the events and actions that define the space of
possibility for the player’s avatar, based on the original text.

Stanislavski’s acting method facilitated the adaptation process from the classical
The Foolish Lady theatre play to a game, and helped creating consistent player
characters. It provided us with character objectives and conflicts at all times, which
allowed us to avoid narrative gaps, achieving character coherence and by extension
engaging the player with the game.

The game was implemented using eAdventure, an educational computer game
authoring platform that simplifies the game development process by reducing costs
and technical requirements [16]. Figure 1 shows the different steps followed to
convert a classical script to an educational game.

Theater game creation
process

Music

Scenery
Costumes

Fig. 1.From a theater script to a serious game.

2.2 Testing the game

The effectiveness of “The foolish lady” game to increase youngsters’ interest
towards classic theater was evaluated through an experiment run at 8 different
schools in the Madrid region (Spain), early 2013. 370 students were given the game
about the Foolish Lady to play (Experimental Group, EG). Pre and post tests were
conducted to estimate changes in interest towards theater. To have something to
compare with, 384 students were given a lecture about the play, covering the same
contents than the game, and their interest increment was also measured using the
same instruments. From these 384 students, 208 of the students received the lecture



92 B. Manero et al.

from their regular teacher (Teacher Group, TG). The remaining 170 students were
given the lecture by the professional actor (Actor group, AG) playing the male main
character of the play. We expected the game to be more effective to increase interest
than the “teacher lecture” but less effective than the “actor lecture”, as having direct
contact with a professional actor is usually highly stimulating for youngsters. In short,
we expected Actor (AG) > Experimental (EG) > Teacher (TG).

At the beginning, all the students completed the same pre-test questionnaire,
containing instruments to measure their interest towards theater. After that, students
attended the type of instruction they were assigned to on separate classrooms for 40
minutes (the standard duration of a high school class is 50 minutes). Students in the
EG were allowed to play as many times as desired during the class. Students in TG
and AG attended a talk of similar content and length leaded by their regular teacher
or the actor respectively. After receiving instruction, 5 minutes before the end of the
session, the students completed a post-test questionnaire with the same instrument
included in the pre-test (to determine gain).

We also collected data for measuring the students’ gaming preferences and habits
using a self-developed instrument [17]. Figure 2 illustrates the population’s
distribution attending to the three different learning approaches.

' POPULATION'S DISTRIBUTION
| —

Actor’s Teacher’s
approach approach

h-tg,

Game's
approach

Fig. 2. Population’s distribution in The Foolish Lady experiment.

3 Act 2: Conflict (the clash of opposing forces)

3.1 Results of the experiment

As shown in Figure 3, the self-produced serious game was able to increase students’
interest on classic theater on the participants. As expected, the actor-driven approach
demonstrated to be more effective than the game. However, actor lecturing is a very
complex and expensive to deploy educational approach, being even unfeasible to
bring an actor to each school. The game could be a much more cost-effective
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approach, as it is still able to increase students’ motivation and it can be easily
distributed to as many places as desired.

Increment towards theater

15,00
14,00
13,00

12,00
11,00

10,00

Actor Teacher Game

M Pre-test M Post-test

Fig. 3.Results obtained in the increment of the interest towards theater by learning
approach.

However, the comparison with the teacher group did not fully meet our
expectations. Before the experiment our hypothesis was that game’s approach would
be better than teacher’s approach. While the EG achieved higher final interest scores
than TG, the total gain (post-pre) was not significantly different. This fact leaded us
to dig into the factors that could have lessened the game’s effectiveness.

3.2 Could students’ gaming habits and preferences explain the results?

The first thing that captured our attention was that the dispersion of the results
obtained was much higher in EG than in the other two groups. This meant results in
EG were more variable than in the other two groups. We decided to research whether
students’ gaming preferences and habits could be the cause of this high variability.

Students’ gaming preferences and habits are variables that can be observed or
measured directly. Therefore, we developed an instrument to classify students
according to their self-reported gaming preferences and habits. We collected
information about how often students used to play videogames and what types of
videogames they liked most [17]. This instrument was consistent with the game
genre classifications described in the literature reviewed in both academic and
marketing studies [16] [17]. The resulting instrument had 10 items in 7-point Likert
scale.

We used the information collected in these 10 variables to group students
according to their gaming preferences and habits. We first run a Principal Component
Analysis for data reduction (2 components were extracted), and the results were used
to feed a K-means clustering algorithm. The output of this process was a
classification of students in four different groups. We examined the characteristics
of each group, resulting as follows:
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e  Group 1: “All gamers”. This group plays with a very high frequency to
almost every type of videogame (only Musical games are slightly under the
general mean), while often preferring FPS (First Person Shooter), Fighting
and Strategy.

e  Group 2: “Hardcore”. This group plays with the highest frequency, but
mainly to FPS, action and Sports Games. They do not like the rest of the
games.

e  Group 3: “Casual”. This group plays moderately, and mostly prefers
Social, Musical, and Thinking Games.

o  Group 4: “No gamers”. This group does not play videogames often.

4 Act 3: Climax (the point at which events must turn in one
direction or another)

Taking into account only the experimental group, we compared the increment of
students’ interest towards theatre between the four gaming profiles, finding
significant differences. The game worked much better for Casual (13.50) and
Allgamers (13.14) than for Nogamers (12.90) and Hardcore players (12.22).
Therefore, we can argue that gaming habits and preferences played a key role in
enhancing interest towards theatre by using “The Foolish Lady’ game.

Comparing game/teacher

212:000 % % \ %
B2 N YY) Y
§ § § \

Casual Allgamer Nogamer Hardcore
GAMING CLUSTER

~Game | Teacher

Fig. 4. Results obtained in the increment of the interest towards theater by learning
approach (teacher and game)

Figure 4 shows one of the most interesting findings of this study: teacher and
game approaches worked in a different way depending on the cluster that the students
belong to. In other words, while game worked better for Casual, Allgamer and
Harcore students, the teacher resulted in a better learning approach for Nogamer
students.

One factor that could explain those differences is “The foolish lady” game’s
nature. It was designed as a graphical adventure, a game genre closer to what Casual
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gamers tend to prefer. Hardcore gamers do not have these games among their
preferences which may decrease the performance of the game in motivating this kind
of player. Therefore, these results show that the performance of the game is directly
related to whether the game genre is included or not among the player’s gaming
preferences.

5 Act 4: Resolution. Conclusions and Lessons Learned
(whatever comes after the climax)

The main finding of this study is the influence of players’ gaming habits and
preferences over learning outcomes using serious games. The game proved effective,
but less than expected. It could be explained by the gaming profile of the students.
The game developed was a great learning approach for students within the Casual
cluster, while for Hardcore players it was less effective than teacher lecturing.
Therefore, to achieve a better performance using serious games, it may be necessary
to have a better understanding of the targeted population’s gaming preferences and
habits before the starting of any game development.

On the other hand, the traditional learning approach worked better for the student
who do not use to play videogames. This lead us to argue that learners gaming profile
could affect not only their learning outcomes using serious games but also through
different learning approaches. Nevertheless, more research in this field is needed to
confirm this finding.

Our results are consistent with Veronica Zammitto’s [20] findings, who argues

that gamers’ personality is directly linked to their gaming preferences. This statement
leads us to think that students with different personalities would achieve different
results by using different learning strategies. Nevertheless, we would point out to
Zammitto’s work that gaming preferences and habits may be good indicators on
which learning approach will work better in an educational process.
Finally, we argue that once that the game’s effectiveness has been proved, it can also
be used by the teacher as a supplementary motivational content. According to some
teachers involved in the experience, the game could be an excellent starting point for
promoting a further discussion about the theater play to achieve a deeper and more
enjoyable knowledge about the play.

Also from this motivational perspective, and even if it does not have scientific
validity, after the experiment, the students of one of the schools theater group decide
to change the planned end of school year theater play to The Foolish Lady even when
this play was far more complex than the initially planned (7he Foolish Lady is written
in verse and has complex vocabulary). They played The Foolish Lady in June 2013.
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Abstract. Assessment is an integral part of the student’s learning pro-
cess. It is essential to design good quality assessment instruments. Tradi-
tional assessment instruments rely on blueprints and random selection of
items from the item bank. In this paper, we propose a method of generat-
ing valid assessment patterns automatically that satisfies the constraints
provided by the instructor. Moreover, we generate a large item bank
by using automatic item generation, which helps in designing equiva-
lent, multiple assessment instruments to keep a check in plagiarism. We
present an assessment instrument for a course on Design of Digital Sys-
tems that is developed using the above approach. The effectiveness of the
assessment instrument is ensured by considering the validity of items.

1 Introduction

The essential factors for designing a good quality assessment instrument are -
Validity - A valid assessment is one which measures what it is intended to
measure[l]. To ensure the validity aspect, it is essential to design assessments in
alignment with the stated aims for a course.
Assessment specification - It is a detailed description for the instrument,
often called a blueprint, that specifies the number of proportion of items that
assess each content, skill, etc[2].
Alternate(Equivalent) forms - Two or more versions of a assessment that are
considered interchangeable(equivalent), when they measure the same constructs
in the same ways and are intended for the same purpose[2]. For large scale as-
sessments, having equivalent forms of instrument helps in preventing plagiarism.
The conventional way of designing an assessment instrument, that satisfies
the above discussed factors demands devotion of enormous time and energy for
the instructor as the process is highly labour-intensive and error-prone. With
growing usage of technology for teaching and learning process, there is a need
to explore the development of automated methods in the area of assessment.
This paper discusses a unique approach to generate a good quality assessment
instrument automatically. Section 2 presents the related work and the concepts
related to the proposed approach used in this paper, Section 3 presents the
proposed approach, Section 4 shows the result for an example and Section 5
summarizes with concluding remarks.
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2 Research Background and Related Work

The existing systems for automatic generation of instrument can be categorised
broadly into two categories based on pattern generation and item generation,
respectively. The following sub-sections contain additional information on these
two categories. Some of the terminology used in these sections is defined in Table
1.

2.1 Automatic Assessment Pattern Generation

Assessment blueprints[3] guide the development of instrument by ensuring the
right distribution of number of items for all the attributes by creating a pat-
tern for the assessment instrument. The effort related to the creation of blue
prints does not remain manually feasible for large number of assessments for a
course. Several methods[4][6] have been designed to address this issue for two
attributes. If the number of attributes are more than 2, the generation of as-
sessment instrument starts becoming unmanageably complex if done manually.
Out of various approaches used to automate the generation of instrument when
the number of attributes are more than 2, random extraction and retrospective
testing are mostly used these days by the existing software tools[5]. Each of these
approaches lacks an important component of assessment, that is alignment of
assessment items with the competency and the validity of assessment items is
not taken into consideration while creating the assessment pattern.

2.2 Automatic Assessment Item Generation

The systems designed in [5][6] uses a database of items for creating instrument
and focus was on the composition of only one instrument. [8] uses randomiza-
tion technique for organising multiple sets of assessment instrument, but it does
not guarantee their equivalence. Because of limited size of item bank, creating
alternate forms of instrument is challenging. Large scale assessments demands
multiple sets of equivalent instrument. The size of item bank can be increased
by using automatic item generation.

3 Proposed Approach

In this paper, we have discussed a way of designing an assessment instrument
using three dimensional matrix from the assessment pattern generator and the
database of items generated by using automatic item generation. The assess-
ment instrument generation comprises of three essential blocks as discussed in
subsequent sections.
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3.1 Alignment Pattern Generation

This module takes care of validity aspect of the instrument. The correct esti-
mate of student’s learning can be estimated by including assessment items in
the assessment instrument which are aligned with the competency[1]. Each and
every competency focuses over one or many cognitive levels. The assessment
item for any competency should be taken from the same or lower cognitive level
to which it is aligned. The items are termed to be valid only if it satisfies the
alignment constraint(ac). Alignment constraint is provided by the instructor as
a input to this module. We get a two dimensional matrix(matriz,.) at the out-
put which shows the relation between the competency and the cognitive level it
belongs to. The instrument will use this matrix for selecting valid items.

3.2 Assessment Pattern Generation

Assessment pattern generation provides the functionality to fulfil a given assess-
ment specification and gives a three dimensional matrix that shows the marks
allotted to items belonging to each of the attribute categories. The maximum
possible number of categories is equal to product of number of competencies(m),
number of cognitive levels(n) and number of assessment item types(p). Invalid
combinations of competency and cognitive level are filtered out by the alignment
pattern generator. Total marks(Mr) for the instrument and weight constraints(we=
{We, Wer, War }) for competency, cognitive level and assessment item type
are given by the instructor as a input to this module. If We, Wep, War are
given by We = {We, -+ We, .}, Weor = {Wer, - Wer, b, War = {War, ---

War, }, then
ZWC:ZWCL:ZWAT:MT (1)

The real challenge is to select appropriate number of assessment items from each
of these sub categories of assessment item attributes such that equation(1) get
satisfied always. Algorithm 1 presents the pseudo code for assessment pattern
generation. As a first round of explanation for the pseudo code of the algorithm,
we mention the following points: satisfy is designed as a depth-first state-space
search and satisfy uses a branch and bound approach to limit search along
infeasible paths in the search tree.The size of the state space is a function of m,
n and p. State space denotes the set of all the candidate assessment patterns.
If there are 5 competencies, 6 cognitive levels and 3 assessment item types, the
maximum number of possible categories are 5 % 6 * 3 = 90 and the state space
will have an upper bound of 3%, if number of allowed values for every cell of
assessment pattern is 3. As the number of these attributes increases, the state
space starts becoming unmanageably large. The algorithm discussed in [6][7]
explores all possible states in any case. In our approach, we have used branch
and bound algorithm which searches the state space in such a way that there are
early evidences available, if exploring in any particular direction is not effective
in producing result. The search space for assessment pattern is reduced with the
help of intermediate and final constraint. Intermediate constraint is checked
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for all cell positions except the last one. The sum of values placed in the cells
populated so far should be equal to or less than the weight constraints. Final
constraint is checked for the last cell position. The sum of values placed in
the cells populated so far(all the cells in the matrix, since this is the last cell)
should be equal to the weight constraints. For a partially filled matrix, the sum
s of values in all cells populated so far should be less than or equal to the
weight constraint we. If s < we, then the remaining cells can be populated with
appropriate values so as to make the final s = we. If s = we, then the remaining
cells may be filled with zeros. However, if s > wec, then there cannot be any values
with which the remaining cells could be filled so as to make the final s = wec.
Hence, for all cells except the last one, we use intermediate constraint.For the
last cell of the matrix, s must be equal to wc as there are no cells left to make
s = we, in case s < wc.

3.3 Automatic Item Bank Generation

Automatic item generation(AIG) was developed to address the increasing de-
mand for assessment items for creating alternate forms of the instrument. In
the item bank, item templates instead of items are stored along with respec-
tive tags for competency, cognitive level and assessment item types. The item
templates are written in a manner indicating the integration of cognitive level
associated with the competency. Item templates are constructed by using two
essential elements, stem and variables. By varying the variables of an item in a
systematic manner, AIG can be used to create multiple items in an iterative way
as discussed in Algorithm 2. All the items generated from the same template
are equivalent in nature as the value set for the variable have similar character-
istics. Two different values are considered to be equivalent if they addresses the
same content domain. The similarity of values for generating equivalent items can
be decided by the instructor. We can design different difficulty item templates
in a single cognitive level by selecting variable with different characteristics.The
algorithm for generating assessment instrument is discussed in Algorithm 3.

4 Result - Example Generation

We have developed item templates for the course, Design of Digital Systems. A
formative assessment instrument is generated for first two competencies and the
sample is included in the paper. The competencies considered are as mentioned
in Table 2. The assessment items are validated by using the alignment pattern
generator. Table 3 shows valid set of assessment items({AI}) and their tags. The
assessment item types which were considered are selection type and supply type.
All selection type items are of 1 mark while supply type items were designed for
1 and 2 marks. Total marks(My) for the instrument is 20 while the weight
constraint for 2 competencies, 3 cognitive levels and 2 assessment item types
are WC = {Wcl,WCQ} = {8, 12}, WCL = {WCL17WCL2,WCL3} = {8, 8, 4},
War = {War1,Wars} = {6, 14}. The maximum possible number of categories
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for this combination is 2 x 3 * 2 = 12. Assessment pattern finds the number
of items chosen from each of these categories. Table 4 shows an assessment
pattern for the weight constraints mentioned above. Table 5 shows an instance for
automatic generation where a template is used to design 8 equivalent items. The
tag C1C Ly AT, denotes that the item template belongs to the first competency,
second cognitive level(understand) and second assessment item type(supply type
item). Table 6 and 7 gives assessment instruments for the above mentioned
assessment specification.

5 Conclusion

The proposed assessment instrument provides generalization related to align-
ment question[l] which discusses about the importance of alignment of com-
petency with assessment. Alignment pattern generator ensures the validity of
items for assessment which helps in providing the evidence of how well students
have learned what the instructor intends them to learn. Assessment specification
pattern is automatically developed using depth first branch and bound search al-
gorithm. This algorithm helps in finding the first solution that meets the weight
constraint. The complexity of this algorithm increases exponentially as a func-
tion of the number of attributes. Equivalent sets of assessment instrument can
be designed using the optimized assessment pattern. Our future work will fo-
cus on evaluating alternate form reliability and looking for evidences of valid
assessment, when the instrument is offered to students.

Table 1. Definition Of Terminology Used

Term Definition

Assessment Assessment instrument is used for summative or formative assess-

instrument ment. It is designed for specified maximum marks and it addresses
a chosen set of competencies.

Assessment A general term referring to a single statement, question, exercise,

item(AI) problem, or task on a assessment or evaluative instrument for which

the assessment taker is to select or construct a response, or to per-
form a task. [2].

Competency(C) It is a detailed description of what students will be able to do when
they complete a unit of instruction[4].

Cognitive Bloom’s taxonomy divides the cognitive domain into 6 levels which

level(CL) are remember(C'L1) understand(C'Lz), apply(CLs), analyse(C'Ly),
evaluate(C'Ls) and create(C'Lg) [4]

Assessment item The assessment items can be selection type or supply type.

type(AT)

Attribute It is used to characterize an assessment item for various competency,
cognitive level and assessment item type.
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Algorithm 1 satisfy - For Creating Assessment Pattern

satisfy (pos, matritqec, matrizy.) {pos- cell position, matrize.- 2D matrix(size
= len({Sc})*len({Scr})), matrize. 3D matrix(size = len({Sc})*len({Scr})
“len({Sar})}
if matrizqec[pos] = —1 then
Evaluate all possible values for matriz.,. [pos]{valid cell position}
if pos # lastcell then
if intermediateConstraint(matrizwc[pos]) = True then
satisfy (nextcellpos, matriz.y.)
end if
else if pos = lastcell then
if finalConstraint(matrizw.[pos]) = True then
return True {solution that satisfies we can be found in matriz.,.}
end if
end if
else if matriz..[pos] = 0 then
matrizwe[pos] = 0 {invalid cell position}
end if
return matritye

Algorithm 2 generateltems - For Creating Item Bank From Item Templates

generateltems(tag-template file, variable-value file)
for all templates in {T'} do
{{T'} + Set of templates for a item template bank}
Extract {Varr} {{Varr} < Set of variables for a template}
for all variables in {Varr} do
{{Valyar} + Set of values for a variable}
Extract {Valyar}
Find cross product of values present for each of the variable
Create all items for template by replacing variables by the values found by cross
product
Write created items with associated tags in item-bank file
end for
end for
return item-bank

Algorithm 3 createInstrument - For Creating Assessment Instrument

createInstrument (matrize, item-bank, matriz.;) {matric.; - 3D matrix(size =
len({Sc})*len({Sc1}) *len({Sar})}
list <~ empty list for storing items per index
for all index of matriz,. do
T, < value in the index {index- tag for items} {value- marks allotted to that
index}
list[index| - Randomly choose items from item-bank having the same index such
that marks allotted to all of them sum to T},
matritq;[index] < list[index]
end for
return matriza;
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Table 2. Competencies

SNo Competencies Cognitive
level
C1 Understand the nature of logic expressions written in terms of logical functions( AND, Understand
OR, NOT, NAND, NOR, X-OR, X-NOR)
Cy Simplify logical expressions using Boolcan theorems. Apply

Table 3. Valid Set Of Assessment Items

Remember Understand Apply Analyse Evaluate  Create
Ch {Alyo,cr, {Al}oyor, - -
Cs {AI}C2CL1 {AI}Cchz {AI}C2CL3 - - -
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Table 4. Automatic Assessment Pattern Generation- Output From Algorithm satisfy

Assessment Pattern
CLy CLs Cls
N ATy {Alic,cryar, =2 {AT}o crpar, =1 {AT}o,crLgar; =0
ATy {Al}c,cr,amy, =3 {Al} o, cLyary, =2 {Al}c,cLgamy, =0
Cy ATy {ATYcocnyary =1 {ATYcocrpar, = 1 {ATYcycnaaT, = 1
ATy {Allco,cnamy = 2 {Allcy,cnpary, = 4 {Allcy,cngarmy, = 3

Table 5. Automatic

generateltems

item generation using item templates- Output from algorithm

Ty AT temmplate

Varialle Value st Assemment ilens

A TEIc chet has Buce et and mhe apd v | C{CLaATy 3 | 10Be 1 BEet] | A loghc coced hs hree Injut o One Oufpul var ibes. The Gipul vanable 5 3 Bgic | When w0 of e ity e
€| CLyATy | The ostpu varsble s a1 CCLy
more inputs are & €1 CLy ATy b, Wr
and sealize using nly €, CLy AT, c ptes

when two o i logic | Wrke the troth table and realize using oaly NAND paes.
e wish table

TICLAT, b | {Wopc T, becd]

: Toa Boree Tt 20 0RE GUTpUT VS
1. Wrke the treth table and ralice using oaly NOR ates.

s The Gl Varable 15 & DEie | when 5w o more 1t a0

a logic 0. Wie e troth table and realize wsing oaly NAND gates

TICTATy | {WAND RORT | A Fgse Coeai s free Tt e 0w 0wt vares. The apal vanable 1 & Tgie T when v o i Ty i

2 logie 0. Wrke the trah table and realize using oaly NOR gates

A Togse Ceei s hree Thjut aad] Oae OUPUT Variiles. ThE Uil Vel 1 & B | When 90 of e Uty e

a8 logic |. Wrke e trah table and realize wsisg oaly NAND gates

A Togie P ul s Dree T0JuT asal 0n¢ OUIpuL var Gbles, Tt OGP Vanable 15 & gic (1 When T of M Ipus ane

A Togse Coeei s e Thput 3ad] 08 U Vs les
i logie | Wrke the truh table and realize using oaly NOR gates

= el VaIIE T3 & DEic 0 When B, oF e 1T &

a4 logic 1. Wrke the trah table and realize wsing oaly NAND gates.

A Togoe Cle el s e Toput aad 0o Outpur var BBl The cutpul Visable 1o & ogic 1 when 570, o7 Mard THpUTs are

T Towsc Choal has Hree Taqul 2ad 0ae ulpuT varoes.
i logie 0. Wrke the truth table and realize using oaly NOR gates.

PR VarahlE 15 3 BEic 1 When BW0 of e Ut e

Table 6. Automatically generated assessment instrument- Set 1- Output from algo-
rithm createInstrument

Number of marks Tag Ttem Marks|
allotted per cate-
gory of {AI}
(Albe,orr, =2 |_CICEATS A _circuil containing only AND and NOT gates must be a Combinational cireuit, (A) True (B) False T
LA =S T AT, The Boolean expression Tor a 3-input AND gate 15 (A] X = (ABC) (B) X = ABC ((JX=A+ B+ C O X= A+ B+ | 1
cr
(Al 1 | CiICLAT: What is positive logic? 1
C1CLIATy T,CLAT, Diaw the kg symbol, wiile (he bookan expression and consiruct the truth tble for the X-OR gale. ]
Alfc,car, =1 | GiCLaAT, Thoose The gaie thal represents the fanction of The logic gaic sysiem below, (a) NAND gate () X-OR gate (c) NOR gaie | 1
(d) X-NOR gate -
[ATJc,car, =2 | CiCLAAT: A logic circuil has three input and one outpul variables. The output variable is at logic | when two or more mpuls are at | 2
logic "1". Write the truth table and realize using only NAND gates.
Alfc,eLar, =1 | CCLIAT; Tdentify the correct siatement for Demorgan's heorem (A) (X Y) = X ¥ (B) (V)= X +¥ 0 (RYF =X ¥ ) (X¥) [ 1
= XY
(AL}, —a CoCLyATy State Commutative law, 1
GELAT, =7 TOCLAT Write the trulh bl for the Tdllowing boolcan expression Y=A & BC T
{Al}ecar, =1 CyCLaAT) ‘When simplified with Boolean Algebra (x + y)x + 2) simplifies 0 (A} x (B) x + x(y +2) (C) x(]1 + yz) (D) x +yz 1
(Alhe 4 | CKLATy oolean expression for EX-NOR using NAND gaics. T
C2€l2ATy = ToCILaAT: CTomplement he expression (ABI + A+ AB P
TAT creLar, T,CLAT, Evaluating x = A'B + C(AD)’ wsing the comvention A = False and B = False gives (A) CD' (B) 0(C) | (D) CD T
{ATheyergar, CiCLyAT: Prove the following Boolean identity using (he laws of Boolean Algebra and implement the simplified equation using basic | 3
gales. (z + xy')h + 3y +x(y" + @

Table 7.

Automatically generated assessment instrument- Set 2- Output from algo-
rithm createInstrument

Number of marks | Tag Tiem Narks]
allotted per cate-
gory of {AT}
Al . CCL ATy A circuit contaming only OR and NAND gales must be a Sequential circuit, (A) True (B) False 1
{AljeeLary =2 o The Bookean expression for @ 3-inpul NAND gale 15 (A) X = (ABC) B X = ABC(C X =A+B+CDIX=(A+B+ | T
Cr
(AlJee —3 | GCLAT, What s negative logic? T
CiCLATy = T,CL,AT; Draw the logic symbol. write the boolkean cxpression and construct the truth @ble for the NAND gate. 7
TAljc ciar, =1 | GIOL:AT, Choose the gale that represents the function of the logic gaie system below.(1) NAND gate (b) X-OR gale (¢) NOR gate @) | 1
X-NOR gate
TAT G, coars T CLAT; A logic circuit has three input and one output vanables. The output vanable is at kogic '1 when two or more nputs are at | 2
logic "0". Write the truth table and realize using only NOR gates.
{AljcyeLar, =1 | CaCLAT, Tdentify the comect stalement for Demorgan's theorem (A) (X+Y) = XY (B) (X#¥ )= X +Y (C) (X¥) = XY DHXY) | 1
=X+ Y
Al ., | CALAT: Siate Associative fw. T
{Alkeenpary =2 CCLAT: Write the truth whlc for the following boolean expression Y=AB +AC T
{Al}cyeir, = 1 CaCL2AT) “When simplified with Boolean Algebra x(x + yl(x + z) simplifies 1o {A) x (B) x + x(y + &) (C} x(1 + yz) (D) X + yz 1
{Alle,c 4 CCLoAT; Tmplkement boolean expression for Ex-OR usimg NOR gates, 2
CoCLaATy = C.0LAT; Complement e expression (A + B + CHA + Bf C) 2
[Alfcroipar, = C,CL:AT, Evaluating x = A'B + C(AD)' wing the comention A = Truc and B = False gives (A) CD' (B) 0(C) 1 (D} €D T
{Al}ccLary = CiCL3AT: Prove the following Boolean identity using the laws of Boolean Algebra and implement the simplified equation using basic | 3
gaws (x" + y' 2 vz + )y )+ iy
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Abstract. The purpose of this study is to understand college students’ attitudes
and preference of newspaper reading. The two page layout of an app provided by
a leading publisher of Chinese newspaper, United Daily News, was selected as
the target product of the usability evaluation. The preliminary results showed that
college students had no significant preference of either kind of page layout,
however reading with the Web page layout demanded more cognitive and
physical loading than reading printed one. And students’ performance of reading
newspaper with the printed page layout was better.

Keywords: Newspaper, Layout, Reading attitude, Reading preference.

1 Introduction

Newspaper reading, as a form of informal learning [1], served as a critical vehicle
of information for college students to collect up-to-date facts and status in the
society, however the current devices were not preferred [2] due to several interface
problems such as the lack of visibility, discoverability, reliability, affordance and
inconsistent feedback that led to mistouch or erroneous manipulation [3]. An
increasing number of newspapers and publishers went digitization to use online
media to overcome the issues of timeliness and interactivity of printed newspapers.
It is suggested that more consideration should be taken in order to make the design
decisions on interface elements such as the page layout. Whether users’ preferences
of the page layout transferred [4,5], and whether users’ reading performance would
be affected [6] required further investigation. Motivated by the aforementioned
issues, the purpose of this study is to understand college students’ attitudes and
preference of newspaper reading.
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2 Methods

The two page layouts provided by a leading publisher of Chinese newspaper,
United Daily News, was selected as the target product of the usability evaluation.
One is the UDN App that adopted the page layout of printed newspapers. The other
is the website of UDN that adopted Web page layout. 18 college students were
invited to take part in the user experiments, they were asked to search and read the
assigned news stories with the two different page layouts.

3 Preliminary Results

The preliminary results showed that college students had no significant
preference of either kind of page layout, however reading with the Web page layout
demanded more cognitive and physical loading than reading printed one. And
students’ performance of reading newspaper with the printed page layout was
better. When the participants read the printed newspaper, they looked for
navigation guide such as the headlines, briefs, photos and drop quotes. However for
Web page layout these elements were missing. Also it was likely that the
inconsistent segments of the Web page layout led to users’ unfamiliarity and
confusion, that affected their performance of searching. Continuously more
participants of college students will be recruited, and their previous experiences
with the newspaper reading and mobile device using will be further investigated to
construct more integrative understanding of their mobile newspaper reading
behaviors.
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Abstract. Web based career guiding applications have emerged as a new means of organized
skill training, knowledge acquisition and career decision making. Most current career guiding
applications operate on assumptions of individual capacity to make career decisions and
implement a guided process which encompasses two general phases: 1. personality and skill
assessment; 2. job recommendations based on assessment result. In this paper, we turn to Pierre
Bourdieu’s thinking of social, economic and cultural capital to highlight deficiencies in the
current career guiding applications. We then discuss a new embedded approach to the design of
career guiding application which re-situates individual career decision-making in the real life
contexts and brings the non-linear and disruptive nature of career decision-making into the
spotlight. Design guidelines illustrating the important characteristics of this new approach will
also be presented.

Keywords: Career Guiding System, Bourdieu, Cultural Capital, Career Decision-
Making, Design

1. Introduction

In the career guidance field there exist a variety of competing theories of career
decision-making and career development. Some based on matching personal traits to
job characteristics [3] and others, such as Krumboltz’s work focuses on social learning
[2] and Roberts emphasizes the social structural aspect of individual career decision
making [7]. Each theory sheds light on a particular aspect through which career
decision making can be understood.

However, from the stand point of practical career guiding applications, most
contemporary web based career guiding applications operate almost entirely on the
assumption of individual rational decision-making by seeing individual as the only
agent involved in making career decisions and seeing that individual as separate from
his/her social context within which the decision is made. A typical career guiding
application workflow starts with personality, physical and mental -capacity
assessments, which are commonly found in psychological research facilities [6]. Based
on scores received from such assessments, current applications in this domain would
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provide ‘matching’ services, which presents users with recommended jobs or training
opportunities. Despite this seemingly logical flow, we believe current career guiding
applications have largely overlooked the complexities involved in real life career
decision-making. Treating career decision-making as a rational and linear process
imposes presumed mental model of application behavior on users. Most such
applications emphasize on providing end-to-end wizard-like guidance to both new and
returned user groups. Meanwhile, the importance of application flexibility,
adaptability and tolerance to interruption is largely ignored.

Hodkinson’s investigation of a government schema to train young people which
involved 12 participants for 18 months revealed two major failures of the individual
decision-making model:

1. Individual decision making was not rational in the ways assumed by rational
decision making theory.

2. Career progression was often non-linear and was strongly influenced by actions,
events and circumstances that lay beyond the control of the young person. [2].

Hodkinson’s study highlights individual’s limited capacity in making rational choices
due to constrains in logical analysis and information evaluation. The study also points
to the importance of bringing consideration of individual’s social and cultural context
into the analysis of career decision-making that career decision-making is an
embodied process that takes place in the interactions between the person and the
environment they inhabit. The challenge to underlining theory of established career
guiding application design points us to develop a framework to rediscover individual
career decision-making process and to understand its implications for the design of
next generation career guiding applications. We turned to Pierre Bourdieu’s thinking
to shed light on the current puzzle.

2. Pierre Bourdieu: Habitus and Cultural Capital

Bourdieu’s thinking resonates with Weber’s account of social class and status but
elaborates the contrast between class and status in terms of a distinction between
economic, social and cultural capital [1]. Bourdieu proposes that culture is an arena of
competition and is itself a marketplace which is related to and always interchangeable
with what we conventionally called job market. Schooling and career development, in
this view, work to equipment individuals with a fund of culture capital which, if it is
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worth enough on the existing cultural market, gives them entry to particular
occupations and social circles.

Bourdieu’s theory leads us to a new and more embedded understanding of individual
career decision-making as well as the life context within which such decisions are
usually made. Viewing “careership” as a marketplace where skills and knowledge are
being exchanged together with embedded culture norms and social connections in the
form of a bundled commodity liberates us from taking the tunnel vision of individual
career decision-making as a linear process based on rational choice. In Bourdieu’s
thinking, career decision-making is a form of situated activities which take place in a
cultural, economic and social marketplace. Because of the embedded nature of this
marketplace, exchanges of cultural, economic and social capital will happen at every
social interaction the individuals would go through in his or her everyday lives. Career
choice, under this light, is the ultimate outcome of an array of exchange activities that
happened in this marketplace, no single means of exchange will determine this
outcome, and individuals always make career choice within an embedded life context
through a chain of exchanging activities.

We sketched a conceptual image of this embedded career exchanging marketplace
with various “exchange points” where cultural, economic and social capital transfers
from one individual to another or from one capital form to another.

Family activities

J

Embedded
Career

Activities with friends

|

Exchange

M

Marketplace

Internet based networking

Career guiding applications

— | }
=7 J
— | }

N

Figure 1: Career marketplace of various "access points" conditioned by strength of social ties
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Career decision-making is a collective outcome of the interplay between every “access
point”, i.e. one’s decision to adopt a particular career track can be seen as the
accumulative result of his or her interactions with surrounding environment at dinner
table, bar, conference, workplace -- any social occasions that individuals go through in
their everyday lives. Our challenge is to identify where career guiding applications
will fit in this process so embedded in one’s life context.

Conditioned by the strength of social ties associated with each “access point”, we
believe there will be two forms of social ties on top of which next generation of career
guiding applications could find fertile ground: 1. Career guiding applications which
facilitate information exchange between very weak social ties 2. Applications that
support relationship based on specialized social ties such as manger-employee
relationship. In fact, we found most existing career guiding or career development
applications such as SAP SuccessFactors, belonging to the second category and have
already established user rapport within organizational boundaries.

3. Design Suggestions

Bourdieu’s thinking creates new dimensions in the design of software application
which aims to support individual career decision making. The shift is mainly an
internal one, which moves our focus back to lives of users and re-situates our work —
the creation of career guiding software application into the lives of people who are
embedded in their particular life contexts [2] and make decisions within the
boundaries define by their own possession of economic, social and cultural capital.
Seeking to find a deeper connection between theoretical understanding and the
development of career guiding applications, here we listed a few design guidelines
inspired by this new understanding of “careership”:

1) To make no assumption of user knowledge and impose no mental model on
users. Career decision-making is both complex and subtle. Instead of assuming a
linear process and gives user single access point to application functionalities,
application should consider situational actions of users [9] by enabling flexible
access points in a ‘walk-up-and-use’ design approach.

2) On top of current “hard and factual” features such as job search, skill
development, learning assistance etc. , the next generation of career guiding
applications will more likely to find breakthroughs on the soft side of the
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problem domain by inventing novel mechanisms to facilitate growth of cultural
and social capital in the form of pervasive and longitudinal learning [10].

3) Switching our stereotypical thought of career decision making from a one-shot
decision-making process into a more embedded and gradual developmental
process allows us to find the right position for career guiding applications in the
overall picture of individual career decision-making by fostering specialized
relationship unique to the properties of this channel [11].

4. Conclusion

In this brief discussion of career guiding application design, we highlighted major
deficiencies in underlying assumptions of contemporary application in this domain,
which reply exclusively on individual’s ability to make career decision. We turned to
Bourdieu’s thinking and positioned career decision-making in an embedded market
exchange of social, economic and cultural capital. In our analysis of the new
framework, we proposed new design guidelines for the next generation of career
guiding applications, which we believe will find amble growth opportunities by
fostering development of social and cultural capital in additional to instrumental
abilities and skills.
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Abstract. Online learners’ persistence and high dropout rate is a crucial
problem in online learning context. Online learners’ satisfaction is a major
factor affecting persistence. How to design feedback strategies to promote
learners’ engagement is a problem that needs to be solved. In this paper, the
factors affecting online learners’ persistence is analyzed. Based on these
results, feedback strategies for promoting online learners’ persistent and
decreasing dropout are presented from three perspectives: cognition,
metacogntion and motivation. These strategies would direct to design feedback
in the online learning context.

Keywords: Tutoring Feedback. Online Learning. Online Learners’

Satisfaction.

1 Introduction

Online learning recently has become the focus of educational practitioners and
researchers. More and more people register online learning, especial MOOC, which
provide students the opportunities to study from excellent teachers around the

world at anywhere and anytime if they want. However, high dropout rates have
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been the central crisis for online learning[1]. So, one of the most difficult
challenges of for online learning researches is to find out the factors influencing the
students dropout, or to find out the methods to contain the completeness.
Researches have proved that students’ satisfaction is a major factor in students’
decision to complete or drop from online learning. Persistent students or completers
often had significantly higher satisfaction with online learning than dropout
students[2].Meanwhile, students’ satisfaction is also a key indicator of online
learning performance. Students who reported higher levels of satisfaction with
learning reported higher levels of learning than students who rated their satisfaction
level as lower[3]. If students are satisfied, they are more likely to be successful.
Feedback is recognized one of the most powerful tools to promote learning in
various instruction contexts, especial in online learning environments[4]. Online
learners may incline to discourage or frustrate whenever the problems could not be
solved by themselves, and discouragement and frustrating would directly lead to
dropout. So feedback is very important to persist the students and promote
students’ satisfaction.

The strategies of feedback have been studied on how to promote the students’
performance in the classroom or online environments. But few of researchers focus
on how to design tutoring feedback to persist online learners or decrease dropout in
online environments. In this paper, online learning feedback strategies for online
environments is presented. These strategies would be directed to design or predict
the persistence of online learning environments. In the following sections, we
firstly summarized the factors influencing online learners’ satisfaction. Based on
these analysis, the online feedback strategies were presented. The final section

presents the conclusion and some future relative researches.

2 The Factors affecting Online Learners’ Satisfaction

Students’ satisfaction with online learning is very complex, and it has been found
to be correlated with a number of variables. Sun(2008) presented an integrated
model with six dimensions to find out the critical factors affecting learners’
satisfaction in e-learning. The six dimensions are learners, instructors, courses,

technology, design and environment[5]. Sun analyzed the factors from macro point
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of view, there are others researchers who studied from micro point of view to
identify the factors affecting learners’ satisfaction. These factors are motivation,
computer anxiety, self-regulated skill, cognitive strategy, metacognitive skill,
family or organization support, prior experiments of online learning etc al [6],[8].
According to Piccoli(2001) and Sun(2008), computer anxiety significantly affects
online learners’ satisfaction. Learners must access materials and study by
computer, so fears of information technology would certainly hamper
satisfaction[8],[3]. Self-regulation is another factor of success in online learning. In
online learning environments, learners must regulate the time, control learning pace
and strategies by themselves. So self-regulation may be more important for learners
in online learning environments than in the traditional environments[3],[4],[5].
Cognitive strategies are the strategies employed by a learner to in the learning
process. Specific strategies are rehearsal, elaboration, and organization. The
research found that students who reported using cognitive strategies were likely to
do better than those who reported less using cognitive strategies[3],[6].
Metacognitive skill, such as help-seeking skill is also important for learners in the
context of online learning. Proper help-seeking skill would reduce the time of

self-solving problems, and finally decrease the frustrating.

3 The Strategies of Tutoring Feedback to Increase Online
Learners’ Satisfaction

Proper feedback mechanisms are important to online learners because feedback
provides a virtual bridge between learners and instructors, which will improve the
learners’ satisfaction. With the factors that contribute to students’ satisfaction in
online learning, we can intentionally design appropriate feedback strategies to
improve students’ satisfaction and engagement, decrease the rate of drop out[7].
According to the content, feedback can be classified into three dimensions:
cognitive feedback, metacognitive feedback, and motivation feedback. Therefore
feedback strategies of increasing online learners’ satisfaction can be made from

these three perspectives.
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3.1 Cognitive feedback strategies

Cognitive feedback strategies of increasing learners’ satisfaction can direct to
design feedback presentation. There are three types of feedback to present, static
text or pictures, audio, video. Researches showed that learners preferred to audio or
video feedback instead of text feedback. There is an important evidence that audio
or video feedback can have an impact on student engagement and strengthening
learning motivation[10]. Audio or video feedback is very understandable, clear and
fit to explain the complicated knowledge, so learners would more easily get the
emphasis from the tone and facial expression of video by watching and listening
video than reading feedback. Besides, the feedback about cognitive strategies that
can remind learners to apply cognitive strategies such as rehearsal, elaboration, and

organization would be taken in the online context.

3.2 Metacognitive feedback strategies

Metacognitive feedback is defined as feedback that triggered by learners’ learning
behavior (e.g., waste lots of time to think, avoid necessary help). Based on
detecting learners’ error learning behaviors, metacognitive feedback conveys the
information to remind learners the desired learning behavior(e.g., advising the
student to ask for a hint). Roll(2011) reported that immediate metacognitive
feedback on learners’ help-seeking errors can help students acquire better
help-seeking skills[11], which would save the wasting time and decrease
frustration.

3.3 Motivated feedback strategies

Motivation is a critical factor affecting learners’ satisfaction in the online context. It
is important to design feedback to promote learners’ motivation. Researchers also
reported that many learners ignore feedback completely or in some extent.
Therefore, it is important to design feedback to promote motivation and engage

learners. Embodying an agent that delivers feedback is a good manner. But
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embodying an agent is not always effective. Lin(2013) reported that the feedback
provided by an agent or non-agent is not difference, but the difference is significant
when the feedback provided by an agent with elaborate verbal feedback compared
to the same agent providing simple verbal feedback. During the process of learning
with an agent delivering elaborated feedback, learners’ social-interaction schema
and meaningful learning are more evoked by the agent providing elaborate verbal

feedback than the agent providing simple verbal feedback[9].

4 Conclusion

There are many factors that affect learners’ satisfaction in the online
learning context. Designing feedback strategies based on these affecting factors
would persist online learners and decrease dropout. In this paper, several
feedback strategies from cognitive, metacognitive and motivation
perspective are presented for increasing online learners’ persistence. We
propose that these strategies will be taken in the online learning systems.
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Abstract. Mobile devices significantly reshape our various aspects of livings.
Yet prolonged contacts with mobile devices may cause eye and/or muscle
fatigues especially for young children. In this paper, we consider the integration
of web cameras as image sensors available on most tablets or smartphones with
an interesting tracking algorithm to continuously monitor and analyze the
learners’ responses through their facial orientations and eye movements to build
the PErsonalized Teaching And Learning, namely the PETAL, platform for
nurturing the academic development of our young learners while protecting their
eyesight. Through the in-depth studies of various Android programming toolkits
with the Open Source Computer Vision library, we explore many possible ways
to detect the viewers’ responses to educational videos as a mean of self-learning.
With the capability of notifying learners of their, possibly unconscious, reactions
to such educational videos, our platform is targeted to promote a truly
personalized approach for developing the next-generation e-learning systems.

Keywords: Eye Tracking Algorithms - Facial Recognition Techniques - Mobile
Devices - Personalized Learning - Smart Sensors.

1 Introduction

As mobile and sensor technologies advance extremely fast each day, the usage of
mobile devices, smartphones and tablets proliferates. Children of the new
generation especially find themselves being engaged in various activities, possibly
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be playing games on a mobile phone, exercising with the Microsoft Kinect [7], or
even learning through a video playing on a tablet, in such a fast-changing world of
technological ubiquity. Given the frequent use of technology, especially in the
classroom, we find an ever pressing problem: e-Learning [1, 2] seldom tailors itself
to each individual child, thus making it more difficult to determine each
individual’s true grasping or understanding of the taught material. However, at the
same time, we find that Computational Intelligence [5], specifically the facial
feature detection and recognition techniques [3, 4], is advancing very rapidly. With
the availability of relevant computing and sensing technologies, we hereby propose
a possible solution to that challenging problem of determining each learner’s actual
progress and/or real-time response to any involved online learning materials
possibly delivered through the next-generation e-learning systems [2].

Up to our understanding, none of the existing e-learning systems can satisfactorily
address our concern. Therefore, in this paper, we explore the applications of the
Android programming libraries and the Open Source Computer Vision (OpenCV)
software to develop the PErsonalized Teaching And Learning (PETAL) e-Learning
system that can help to detect and also continuously monitor each individual
student’s real-time reaction to any online material, especially the downloaded or
streaming video clips, for personalized learning or self-revision through the PETAL
e-Learning system. Essentially, through the integration of web cameras as smart
image sensors available on most tablets or smartphones with a simple-yet-efficient
tracking algorithm run on the mobile devices to continuously monitor and analyze
the learners’ responses through their facial orientations and eye movements, the
PETAL e-learning platform can provide a truly personalized learning experience to
nurture the academic development of our young learners while protecting their
eyesight. When any learner is facing too close to view the concerned online
material or video, the PETAL system will quickly alert the learner with a pop-up
message being displayed. While bringing in many technical challenges to more
accurately analyze the individual learner’s “real-time” response through his/her
facial orientation and eye movements, it is obvious that the PETAL e-Learning
system imparts new opportunities for many potential applications in e-learning or
other areas.

This paper is organized as follows. Section 2 considers the prototype
implementation and its empirical evaluation results. Lastly, Section 3 will
summarize our work and shed light on many possible directions for future
investigation.

2 Our Prototype Implementation and Empirical Evaluation
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To demonstrate the feasibility of our proposed e-learning system, a prototype of the
PETAL platform was carefully developed on the Android system (Version 4.3)
with the OpenCV library (Version 2.4.5) and thoroughly tested in 6 man-months.
Figure 1 gives the different diagrams showing the pupil detection and its use to
determine the learner’s distraction in various scenarios. There were some initial and
positive students’ feedbacks collected on our initial prototype and reported by a
voluntary student group in HKU. For detail, refer to [6]. In addition, a more
detailed evaluation and analysis will be carefully conducted in some selected
courses in our Faculty of Engineering in the later part of 2014.

BAE

Fig. 1. Diagrams Demonstrating the Pupil Detection and Its Use to Determine the
Learner’s Distraction.

To provide more personalized learning experience to the user, our application also
tracks at what time during the video the user was distracted, sleepy, or zoning out.
At the end of the educational video, a summary will be generated for the user to
view. The student can then use this summary to determine at what points of the
video they were least focused and hence possibly most confused or uninterested in
the presented material. At the bottom of the screen, the number of times the
concerned learner was distracted, sleeping, or zoned out will be displayed to
promote the self-evaluation of attentiveness after viewing each video.

3 Concluding Remarks

Mobile and sensor technologies advance so fast each day to continuously reshape
the way we live and learn. In this paper, we consider an effective and interesting
development framework of the PETAL e-learning system to build an interactive
video player application fully integrated with sophisticated image processing
techniques for detecting eye movement and head orientation on mobile devices
enabling a new and personalized way of learning experience anytime and
anywhere. In particular, our PETAL mobile application can alert any learner when
his/her eyes are detected as being ‘too close’ to the mobile devices for protecting
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the eyesight. Furthermore, as Android tablets are becoming more popular in the
global market of mobile devices, our PETAL application can potentially reach an
incredibly large number of learners, thus very influential.

There are many possible directions for future investigations. Examples include the
porting of our current implementation to the iOS platform, and a thorough analysis
on the pedagogical impacts of our proposed PETAL e-learning system on different
learners both inside and outside of the classroom. Furthermore, future
enhancements in both hardware, such as any further increase in the speed of image
frames captured by the underlying camera, and software with more powerful
versions of the OpenCV library or more accurate facial detection methods should
be considered. Last but not least, further cascade training and enhancement in the
pose detection algorithms may help to promote the capability of our PETAL system
to detect other relevant types of student responses like their confusion or
frustration.
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Abstract. The popularity of weather sensors has encouraged the advance of
campus weather station, which helps to automatically or manually measure
temperature, humidity, wind speed and direction, pressure, solar radiation and
soil temperatures. Technology rich classroom, as the most important smart
learning environment, need the weather data from campus weather station to
provide comfortable environment. Most of weather monitoring systems (WMS)
are implemented with high-cost sensing devices for detecting weather data of
schools or colleges. In this study, we proposed a WMS which uses Raspberry Pi
and weather Sensor to support weather monitoring. This system is a low-cost
portable weather data collection system which allows collecting, storing and
transmitting data.

Keywords: Raspberry Pi, Campus Weather Station, physical environment,
classroom environment

1 Background and Motivation

Students spend up to 20,000 hours in classrooms by the time they graduate from
university[1]. As an important learning space, the classroom serves for not only
daily learning activities, but also health and security of the teacher and student.
Since 1990s, researchers have regarded ICT as an effective way to enhance
teaching and learning, and a variety of technologies, such as laptop computer,
interactive whiteboard, projector, Internet access, productivity and curriculum-
related software, and printer were gradually employed in the classroom to support
teaching or learning with the implementation of school ICT programs.

The classroom equipped with various technologies is always called Technology
Rich Classroom (TRC), which has enabled the emergence of a true
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synchronous/asynchronous and virtual/physical matrix of learning opportunities for
which our existing learning environment infrastructure is not well suited for
children learn[2]. The emerging models of “technology enhanced learning
environments” (TEAL) — first introduced at MIT in 2003 — proposed that acoustics,
furniture, lighting (both natural and artificial), mobility, flexibility, air temperature
and security must support the educational technologies being designed for those
spaces[3]. At now, the rapid advances in technology have revolutionized the way in
which the children learn, play communicate, and socialize[4].

However, majority of the technologies were employed to support teaching process,
such as presentation, organization and integration of learning content, evaluation of
students’ learning performance, mutual interaction between the student and the
teacher, etc. The physical factors, such as temperature, humidity, noise, thermal, air
pressure, ventilation, air quality, acoustic, dust, vibration, lighting, radiation were
taken insufficient account. Additional, considerable evidence shows that there is an
explicit relationship between the physical characteristics of school buildings, and
the spaces within them, and educational outcomes[3]. Recently, more and more
researchers have seen the importance of physical environment in the TRC, and
providing the students with comfortable physical environment has cause concern of
the academic community.

Based on the demands of new generation of students for the reform of learning
environment and the analyzing of challenges for both the online learning
environments and classroom former environments, Huang et al proposed the
concept of “smart” learning environment which is the high level of digital learning
environment with the aim at facilitating “easy, engaged and effective” learning for
learners[5]. This concept of “smart” learning environment covers not only the
devices and instructional software, but also the physical aspect of learning
environment. To build an easy, healthy and comfortable environment is one
objectives of the “smart” learning environment. As one of the most important
component of smart learning environment, campus weather station is a kind of
school or college facilities with the function of automated or manual measurements
of temperature, humidity, wind speed and direction, pressure, solar radiation and
soil temperatures updated every 10 minutes[6].

This paper is the further study of smart learning environment, which focuses on
physical environment. The aim is to develop the WMS based on Raspberry Pi to
collect weather data of the campus, and transmit to TRC which equipped with
indoor environmental systems.

2 Relevant Works
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In the past decades, various issues concerning weather monitoring have attracted
the attention of researchers from both the fields of meteorology, computer science
and education[7]. But the installation cost is still high, so their design optimization
is desirable. In the following, we shall briefly introduce several well-known
WMSs.

2.1  City Center Photovoltaic Monitoring Station

Wilshaw et al described the installation of a photovoltaic monitoring station in a
city center in the north-east of England is described. [8]Weather monitoring
instruments were installed to measure ambient temperature, wind speed and
direction, relative humidity and solar irradiance. Four types of photovoltaic
modules are mounted on the rig in typical building orientations in order to assess
their performance with respect to photovoltaic cladding applications. Preliminary
investigations have shown that the electricity generated by photovoltaic cladding
on vertical surfaces experiences much less seasonal variation than that on a
horizontal surface.

2.2 Silicon-cell Microcontroller-based Solar Radiation Monitoring System

Mukaro et al demonstrates the operation of a low-cost silicon pyranometer in
combination with a self-designed low-power microcontroller-based data acquisition
system for monitoring global horizontal solar radiation. [9] An A/D converter
interfaced to a microcontroller-based unit records a set of sensors’ signals, while
the collected data are stored in a local EPROM. The data collected by the
microcontroller are transmitted to a PC, with an RS-232 serial connection, where
they are stored for further processing. The same architecture has been implemented
for solar irradiation and ambient temperature measurements.

2.3 Photovoltaic-diesel Hybrid Energy Systems

Wichert et al developed and proposed in system in a different approach. [10] A
commercial data logging unit has been used to measure a set of meteorological and
operational parameters of a hybrid photovol- taic—diesel system. The collected data
are transmitted to a PC through an RS-232 serial interface, where they are
processed using the LabVIEW data acquisition software. However, a data logging
unit lacks flexibility compared with a data acquisition card approach, while, in
addition, it cannot be used for renewable energy system control.
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2.4  Multi-tiered Portable Wireless System in Wildland Fire Environments

Hartung et al proposed FireWxNet, a multi-tiered portable wireless system for
monitoring weather conditions in rugged wildland fire environments[11].
FireWxNet provides the firefighting community the ability to safely and easily
measure and view fire and weather conditions over a wide range of locations and
elevations within forest fires. This previously unattainable information allows fire
behavior analysts to better predict fire behavior, heightening safety considerations.
Our system uses a tiered structure beginning with directional radios to stretch
deployment capabilities into the wilderness far beyond current infrastructures.

3 Description of weather monitoring system based on
Raspberry Pi

3.1 Whatis Raspberry Pi

The Raspberry Pi is a credit-card-sized single-board computer developed in the UK
by the Raspberry Pi Foundation with the intention of promoting the teaching of
basic computer science in schools[12]. Designed as an introduction to science,
technology, engineering, and math for UK grade students, its $35 price tag has
made it appealing to hobbyists all over the world. However, it was originally
designed to get kids interested in computing, it has also developed a following
among programmers looking for a smaller, cheaper medium for projects.

Fig. 1. A Raspberry Pi Model plugged in (Source: readwrite.com)

Despite its diminutive device, Raspberry Pi is powerful enough to process many of
the same programs as PCs, from word processors to games. Its small size also



Development of Weather Monitoring System Based on Raspberry ... 127

makes Raspberry Pi ideal for programming connected home devices—Ilike the
aforementioned print server, which has given us the power to make every
computer, laptop, and cell phone in our network printer-compatible[13], as is show
in Fig.1.

Raspberry Pi owes its low price tag to advances in integrated chips. Instead of
having a CPU, a GPU, a USB controller, and memory each on their own individual
chips, Raspberry Pi uses a system-on-a-chip with all those components on a single
chip. Without a lot of chips to take up space, the Pi itself can consist of a printed
circuit board which boots up from an SD memory card.

3.2 Structure of Weather Monitoring System based on Raspberry Pi

WMS is the most important part of campus weather station. The system designed to
collect and transmit weather data, including rainfall, wind speed & direction,
outdoor temperature & humidity and barometric pressure. Requirements for the
system are: (1) Measure weather-related data; (2) Capable of wireless transmittal of
data; (3) Weather resistant; (4) Solar or battery powered. Therefore, the weather
monitoring system consists of four parts: Internet access, solar or battery feed,
weather sensors, gas sensors, screen is optional. The structure of the system is
shown in Fig.2.

Internet Power Scr.'een
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I I
Raspberry Pi

cTTTTTTTRATY AT TT TS 1
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Fig. 2. Structure of WMS based on Raspberry Pi
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The system is a low-cost portable weather data collection system which allows
collecting, storing and transmitting data.

Internet. An internet connection can be supplied either via an Ethernet cable or a
simple USB WiFi adapter which could be plugged directly into the Pi. To avoid the
risks of disconnection by break of the cable, wireless connection is recommended.

Power. Solar and batteries are integrated into one cycle energy system, which is
use to power the weather monitoring system.

Weather sensors. Weather sensors are a set of weather measuring instruments
operated by a campus weather station. The quality and number of instruments can
vary widely, and do not adhere to any standards, but normally includes four or
more measured parameters. Most weather stations provide readouts of the data
being collected.

Gas sensors. A gas sensor is a device which detects the presence of various gases
within an area, usually as part of a safety system. Gas detectors can be used to
detect air quality, NO2 concentration and CO concentration.

Screen. Screen in this system is optional. With the help of web application develop
by PHP, the readout of weather data is shown on the screen from time to time.

4 Conclusion and Future Work

In this study, we propose a new approach on WMS, which uses low-cost
portable Raspberry Pi equipped with weather sensors and gas sensors to collect,
store and transmit weather data. The use of these low-cost and popular technologies
makes WMS more available than most of the previously developed WMS. In
addition to the consideration of availability, WMS provides a web application to
show real-time weather data.

The system has been developed and piloted in several schools, the teacher and
student from that schools very satisfied with this system. However, a deep research
on its effectiveness is still in the air. To evaluate the effective of WMS, the
indicator and approach would be the most important issue. We will make it a
priority to evaluation the effectiveness of WMS.
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Abstract. This paper describes an approach to presenting learning materials
(videos) effectively through digital signage (DS) installed in public spaces on
university campus. The authors propose Learning Continuum (LC), which means
that students can view the learning materials from the beginning to the end. A
prototyped DS system presents learning materials satisfying LC for a
student by means of a high-power RFID reader.

Keywords: digital signage * learning material presentation medium °
RFID ¢ smart learning environment on campus

1 Introduction

Technology has changed people’s activities. For example, ICT (information-
communication technology) has enabled them to distribute and receive digital
information anywhere at any time. While people recognize ICT’s power and
benefit, ICT is being hidden from people’s eyes. In other words, ICT is being
united with environment. The unification can be called ‘“ambient
computing/intelligence” or “smart environment”. There have been many concepts,
systems, and practices of smart environment (e.g., [1] and [2]).

Smart environment can be applied to learning support—smart learning
environment (SLE). Garcia et al. [3] proposed an SLE model focusing on
collaborative e-Learning, where the network between students and learning
communities supported by teachers are created and the students can share learning
resources and collaborate (communicate) with others. Scott et al. [4] developed a
context-aware learning support system, which recommends learning resources
based on learners’ location, schedule, device (e.g., smartphone), etc.

The first author’s group launched a learning support project called “Niche-
Learning” and developed a digital signage system [5]. “Niche-Learning” is a
coined term from “niche” representing the break time between lectures and “e-
Learning”. This project aimed at promoting university students to learn outside of
lecture rooms—enlarging learning environment on campus with digital signage.
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During the break time between lectures, the system presents learning materials
(e.g., slideshow and video) through computer displays installed in public spaces on
university campus. To catch students’ eyes, as the second step, the system had the
interactivity that superimposed the viewers (students) on a quiz slideshow and
enabled them to answer the quiz by body movement. To present learning materials
suitable for students, as the third step, the authors extend the system to SLE. The
extension is based on the concept of Learning Continuum (LC), which means that
students can view learning materials from the beginning to the end.

2 Niche-Learning

The break time between lectures can be regarded as a potential learning opportunity
on campus even if it is short. The Niche-Learning (NL) project focuses on digital
signage (DS), which is an information presentation medium using computer
displays for public spaces and many unspecified people, as a learning material
presentation medium. The NL project provides students with a short-time learning
opportunity in public spaces on campus during the break time. In other words, the
NL project provides DS-based learning environment.

Students often spend their break time together with friends in a lounge area. Or,
they walk out of a lecture building soon after the lecture ends. If a DS system is
installed in the lounge area or the entrance hall, they can learn from learning
materials presented on the public display.

In the NL environment, they happen to notice a NL material and decide whether
to view the material based on time, place, and their various conditions (e.g.,
interest, activity schedule, and accompanying friends). Although the NL
environment does not ensure that they learn from the material, it can provoke
accidental group learning (e.g., discussion) by enabling them to view the same
material at the same time and place.

The DS system presents NL materials according to a schedule set by an
administrator. When a presentation (delivery) time comes, the system opens the
corresponding NL material (file) on a video player or a slideshow viewer. The
schedule is partially illustrated in Fig.1. In many cases, the break time is less than
15 minutes except for the lunch break. Therefore, NL materials are less than 15
minutes and concise in terms of content.

<content><file><path>C:\Users\nl\001l.mpg</path></file>
<delivery><minute>1</minute><second>30</second><start><hour>9</hou
r>
<minute>0</minute><second>0</second></start></delivery></content>

Fig. 1. A partial example (XML file) of NL material presentation schedule: 001.mpg is
opened at 9 a.m. and is played for 90 seconds.
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The DS system was inst