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Guest Editorial: Grand Challenges and Research Directions in e-Learning of
the 21th Century

Nian-Shing Chen and Wei-Chieh Fang
National Sun Yat-sen University, Taiwan //
nschen@mis.nsysu.edu.tw // wfjohnny@staff.nsysu.edu.tw

E-learning has received much attention over the past decade. Its affordability has made educational technologies
prevalently available in educational system. However, there exit some challenges. First, there has been a discrepancy
between the latest development of learning technologies and the adoption of them in schools. Second, there have
been questions about the effective implementation of learning technologies in the current educational system. Third,
there have been barriers that slow down the integration of learning technology into school curriculum within formal
educational systems.

In response to these challenges in e-Learning research, Prof. Nian-Shing Chen and Prof. Chin-Chung Tsai co-
organized the World Submit Forum and Asia-Pacific Submit Forum on e-Learning research trends in September 7-8,
2011, Taipei, Taiwan. The two submits invited many internationally well-known scholars to present their ideas and
research findings focusing on research trends in e-Learning. A grand panel was also conducted with all the speakers
to facilitate two-way interactions and exchanges with the audiences. To share meeting results with more researchers
in this field, we also invited five editors to write articles to share their visions and experiences regarding their
concerned issues from five major international peer-reviewed journals in the field of e-Learning as follows:

Dr. Chin-Chung Tsai, editor of Computers & Education

Dr. Nick Rushby, editor of British Journal of Education Technology

Dr. Michael Spector, editor of Educational Technology Research & Development
Dr. Kinshuk, editor of Educational Technology & Society

Dr. Joseph Psotka, editor of Interactive Learning Environments

Through the participation of many internationally well-known scholars, this special issue not only provides
opportunities for international cooperation and communication in e-Learning studies, but also constitutes a further
step in e-Learning research field. This special issue includes seven articles:

Kinshuk et al. manually explored the trends of the highly cited articles published in the Journal of Educational
Technology and Society from 2003 through 2010. They investigated the research topics, international collaboration,
participant levels, learning domain, research method and frequent author keywords. Since the ET&S journal not only
includes empirical studies but also studies with innovative system and model design, this article may give both
system designers and researchers a research overview over the past years and thoughts for future research.

Spector gives insights into the emerging technologies and research directions by analyzing two reputable
publications, “Horizon Report” and “A Roadmap for Education Technology,” along with two sources, “IEEE
Technical Committee on Learning Technology’s report” and “European STELLAR project.” The author points out
the barriers to progress in adopting educational technologies as well as the critical factor in improving learning and
instruction with technologies. This paper may help not only the designers but also practitioners and policy makers in
adopting educational technologies.

Chai et al. reviewed papers that had investigated ICT integration using technological pedagogical content knowledge
(TPACK), a framework for the design of teacher education programs. They found positive results in enhancing
teachers’ capacity to integrate ICT for instructional practice. Based on the papers reviewed, a revised TPACK frame
work was also proposed for future study.

Rushby first reports key issues in educational technology in the past and further proposed three visions of the future
learning technology. In one of his visions, he suggests Georffrey Moore’s innovation curve can be applied to explain
“how rapidly these [educational] technologies will emerge and how they can be deployed in education and training.”
His analysis took an approach different from the content analysis.
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Lim et al. addressed two gaps, a usage gap and an outcome gap, in educational uses of technology. They first
examined the gaps between technology trends and the use of technology, in terms of success of technology
implementation and effective teaching, and then discussed the causes of them. They also provided suggestions to
close these gaps.

Psotka suggests that education has been slow in adopting disruptive technologies such as educational games and
virtual reality environments. He urges that education should not be limited to classroom but can be extended to
informal settings, such as home and Internet, where disruptive technologies can be the access point for new
information and knowledge other than school. Benefits of disruptive technologies are exemplified in the article.

Tsai et al. suggests that educational technologies are essential in supporting knowledge creation. They proposed a
conception of design epistemology, which emphasizes the dynamic, social and creative aspects of knowing and
knowledge construction, to develop students’ epistemic repertoires, or ways of knowing. With the proposed idea of
design epistemology, ICT can serve as an epistemic tool for instruction so learners are encouraged to evaluate
perspectives, information and knowledge acquired from ICT-supported environments.



Kinshuk, Huang, H.-W., Sampson, D., & Chen, N.-S. (2013). Trends in Educational Technology through the Lens of the Highly
Cited Articles Published in the Journal of Educational Technology and Society. Educational Technology & Society, 16 (2), 3-20.

Trends in Educational Technology through the Lens of the Highly Cited
Articles Published in the Journal of Educational Technology and Society

Kinshuk', Hui-Wen Huang®’, Demetrios Sampson® and Nian-Shing Chen*

! Athabasca University, Canada / “Wenzao Ursuline College of Languages, Taiwan // *Centre for Research and
Technology — Hellas (CE.R.T.H.), Greece // *National Sun Yat-sen University, Taiwan // Kinshuk@athabascau.ca /
huiwen422@gmail.com // sampson@iti.gr // nschen@mis.nsysu.edu.tw

"Corresponding author

ABSTRACT

The advent of the Internet, World-Wide Web and more recently, advanced technologies such as mobile, sensor
and location technologies have changed the way people interact with each other, their lifestyle and almost every
other aspect of life. Educational sector is not immune from such effects even if the rate of change is far slower
than many other sectors. Researchers have been continuously exploring new ways of using technologies in
education and the field is continuously progressing. This paper looks at this progress by analyzing the highly
cited articles published in the Journal of Educational Technology and Society, in order to identify various trends
and to ponder on the future ahead.

Keywords
Educational technology, Journal of Educational Technology and Society, Highly cited papers, Web of Science,
Social Sciences Citation Index, Research trends

Introduction

The term “educational technology” has been used for quite some time; as early as 1960s when Lawrence Lipsitz first
started Educational Technology magazine. It is difficult to define what educational technology actually means but
researchers and practitioners have typically attributed this term to indicate use of various sorts of technologies to
facilitate educational processes.

With the explosive growth of computers in academia in later half of last century and for individual use in early
eighties, and emergence of the Internet in mainstream education in nineties, educational technology has become
somewhat synonymous to computer based learning and online education.

Journal of Educational Technology and Society came into existence in 1998. This paper aims to provide a vision for
future of educational technology through a systematic analysis of the highly cited papers in the journal, identifying
the themes that survived, those that short-lived, and those that have seen growing popularity over the years.

This bird’s eye view of educational technology through the lens of the Journal of Educational Technology and
Society provides some interesting afterthoughts for both future of education and predictions about the direction
educational technology is taking in coming years.

The next section will describe the rationale behind initiating the journal, its main purpose and a brief introduction of
the key founders. This will be followed by an extensive analysis of various trends that have emerged during past
several years.

Historical background

Since late seventies and early eighties, education sector had started to harness the power of continuously improving
communication technologies, with the computer as its front end. The inter-activity and the inter-connectivity offered
by these technologies promised to have an unprecedented impact on Education - to the extent that Educational
Technology could be talked of as a discipline in its own right, combining the lessons learnt in the diverse fields of
“Artificial Intelligence,” “Educational Psychology,” “Educational Sociology,” and not the least, “Educational
Management.”
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The new found benefits of technology in education caught interest of not only researchers but also of governments
and funding agencies. Millions of dollars were poured in, mostly in America and Europe, with hope that computer
systems would be able to help students in the learning process, hence reducing teachers’ workload. The result was
that research in educational technology touched such advanced issues as intelligent tutoring, simulations, advanced
learning management systems, automatic assessment systems and adaptive systems. However, practitioners, dealing
with real-life academic environment, could not take advantages of all that research with equally fast pace and the
implementation legged seriously behind.

A serious issue emerged with the widening gap of research and implementation that contributed significantly to
further dividing the research and practitioners communities. As evident from the work presented in conferences and
journals in last two to three decades, there has been very little input from actual practitioners in the research process.
Most research in educational technology area has been undertaken by computer scientists and alike. The academics
from other disciplines have been brought from time-to-time in the process of researching advanced systems and
technologies, but mostly to elicit their knowledge so that the systems and technologies could replace them.

Once a learning system is developed, it becomes like a black box to any outsider (including the academics of the
disciplines for which that particular system is developed). There is very little possibility of customization in the
system on the part of the implementing teacher (the one who is expected to use it in his/her curriculum) except
perhaps few pedagogical rules and the chunks of knowledge (learning objects). System designers (primarily
computer science academics) somehow perceive that because they teach their students, they know how to teach, and
therefore the systems developed by them would and should be acceptable by any other teacher, regardless of the
discipline.

This gap between researchers and practitioners was identified in late nineties and as a result, the International Forum
of Educational Technology & Society (IFETS) (http://ifets.ieee.org/) evolved in May 1998 during an informal
discussion at De Montfort University, United Kingdom. The focus of the forum was on the communication gap
which existed between educational system developers and the educators who adopt such systems.

The main purpose of the IFETS forum has been to encourage discussions on the issues affecting the educational
system developer (including artificial intelligence researchers) and educator communities. While recognizing that
this brief might be seen as too broad, it was proposed to conduct multiple discussion threads on more specific topics.
This approach helped in developing specific aspects concerning the design and implementation of integrated learning
environments while sharpening the overall vision about the purpose and processes of education.

To provide a synthesis of the discussions held in the forum and to articulate the thinking of both communities,
Journal of Educational Technology & Society was conceived as an archival entity, which could bring exposure to
everyone’s perspectives, and hopefully provide at least a platform for justifying the differences if not to diffuse those
differences.

The first issue of the journal was published in October 1998. Since then, the journal has been published quarterly and
is a focal point to record on-going discussions in the discipline, on implementation projects, present invited
viewpoints and perspectives from experts in diverse fields and also to encourage peer-reviewed articles providing a
more detailed treatment of the various aspects of educational technology, its objectives and its contexts. Journal of
Educational Technology and Society is meant to be the mouth piece of the diverse membership of both researchers
and practitioners community and each group is strongly encouraged to make their voice heard. Through dialogue and
specialization, journal aims to maintain “unity within diversity.’

Analysis of highly cited papers

Generally, the advancement of knowledge is driven by a variety of contributions. The highly cited articles are
considered to play important roles in knowledge contribution because researchers tend to cite high quality articles
that are useful for their own research (Aylward, Roberts, Colombo, & Steele, 2008; Lee, Wu, & Tsai, 2009).
Identifying the highly cited articles seems to be a reliable and objective means because it shows valuable research
topics in the profession (Flores et al., 1999). When one article is cited by many subsequent papers, it means that this
article has its influence and contribution in a particular field (White & White, 1977). The research trends can be
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highlighted through examining research topics among the highly cited articles. In addition, a list of the highly cited
articles gives novice researchers a direction to focus on the highly influential articles during a specific period of time
and develop their own research interests.

Several scholars stated the importance of reviewing journal publications. For example, White and White (1977)
pointed out that “the importance of a journal is determined by the overall quality of the articles it carries” (p. 301).
Analyzing the publication history of a specific journal can reveal a more accurate view of the publication pattern.
The action of reviewing journal publications can “provide the editors of the journal an opportunity to reflect on the
consistency of their publication decisions in relationship to the journal’s mission statement and policies” (Taylor,
2001, p. 324). To understand the publication pattern, Garfield (1983) proposed citation analysis to explore the
frequencies, patterns, and graphs of citations in articles and books. It measures the importance of particular journals
or authors in a scholarly community (Flores et al., 1999; Rourke & Szabo, 2002; Taylo, 2001).

According to Chiu and Ho (2007), the impact or visibility of an article can be identified by the number of citations.
Previous studies have reviewed the highly cited articles in different fields (Aksnes, 2003; Allen, Jacobs, & Levey,
2006, Blessinger & Hycaj, 2010). However, little research has been conducted regarding the review of the
characteristics of the highly cited articles in the field of educational technology. Through a systematic analysis, the
present study provides insight to the research trends and basic citation trends of the highly cited articles published in
the Journal of Educational Technology and Society (ET&S).

The purpose of the current study has been twofold. First, the authors explored the distribution of major research
topics among the highly cited articles published in the ET&S during 2003-2010. Second, the authors examined the
emerging trends after reviewing the highly cited empirical studies in the ET&S. The reason to focus on empirical
studies with high citation counts was that such information would provide important insight for junior researchers to
plan their research topics from theory to practice. In addition, to avoid a disadvantage of recently published articles
with less citation counts in a long time frame, the authors compared the highly cited empirical studies published
within a four-year time interval, i.e., 2003-2006 and 2007-2010.

In order to provide researchers who are interested in submitting journal papers to the ET&S, the authors

systematically analyzed the highly cited articles in the journal to provide valuable information about using these

articles as guides for their own studies. Thus, the research questions addressed by this study are as follows:

1. What research types were identified from the highly cited articles published in the ET&S during 2003-2010?
What were their variations between the first four years (2003-2006) and the second four years (2007-2010)?

2.  What were the characteristics of the highly cited empirical studies published in the ET&S during 2003-2010?
What were their variations between the first four years (2003-2006) and the second four years (2007-2010)?

3. What were the emerging research trends of the highly cited empirical studies published in the ET&S during
2003-2010? What were their variations between the first four years (2003-2006) and the second four years
(2007-2010)?

Related work

Citation analysis is a useful tool to provide a direct and objective means of analyzing influences in a certain research
field (Garfield, 1955; Smith, 1981). Shih, Feng and Tsai (2008) claimed that “articles with more citation frequencies
are usually those that are better recognized by others in related fields. They probably present more fundamental ideas
about the issues for future research” (p. 960). Many studies on citation analysis reviewed highly cited articles in
different disciplinary fields, such as science (Aksnes, 2003), ecology and ecological economics (Leimu & Koricheva,
2005), geomorphology (Doyle & Jlian, 2005), nursing (Allen, Jacobs, & Levey, 2006), software engineering (Wohlin,
2007), e-learning (Shih et al., 2008), instructional design (Ozcinar, 2009), computer-assisted language learning
(Uzunboylu & Ozcinar, 2009), library and information science (Blessinger & Hycaj, 2010) and knowledge
management in education (Uzunboylu, Eris, & Ozcinar, 2011). These studies showed raw citation count to identify
the influence of scholarly work.

Previous studies have attempted to describe the development of educational technology research in different time
periods using content and citation analysis. For example, Klein (1997) analyzed 100 articles published in the
Educational Technology Research and Development between 1989 and 1997. Taylor (2001) conducted a content
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analysis of all articles submitted to Adult Education Quarterly from 1989 to 1999. Rourke and Szabo (2002)
analyzed articles published in Journal of Distance Education during 1986-2001. Lee, Driscoll and Nelson (2004)
examined 383 articles published in four professional journals in the field of distance education from 1997 to 2002
using content analysis. Tsai and Wen (2005) reviewed the research papers in science education during 1998 to 2002
using manual coding. Aylward, Roberts, Colombo, and Steele (2008) used citation analysis to examined documents
with a large number of citations in a specific journal from 1976 to 2006. Shih et al. (2008) reviewed 444 articles
related to the topic of cognition in e-learning from 2001 to 2005. Ozcinar (2009) examined 758 documents regarding
the topic of instructional design during 1998-2008, retrieved from the Web of Science database, to conduct content
analysis and citation analysis. These researchers illustrated insightful information to examine trends and patterns in
scholarly documents.

According to Noyons and van Raan (1998), splitting the publication data into two periods can help in better
understanding the relationship between the two different periods in terms of monitoring research trends of the
identified topics. Lee et al. (2009) analyzed highly cited science education articles published during 1998-2002 and
2003-2007, and found a dynamic shift in the research topic. Tsai, Wu, Lin, and Liang (2011) selected 228 empirical
papers to examine the research trends regarding science learning in Asia during 2000-2004 and 2005-2009. These
studies helped readers to visualize dynamic trends in different periods of time.

Recently, studies on using author keywords to analyze the research trends have shown that this method can
effectively predict the research tendency (Chiu & Ho, 2007; Mao, Wang, & Ho, 2010; Li et al., 2009; Ozcinar, 2009).
The purpose of author keywords analysis is to identify their frequency and discover directions of scientific research.
To find the most frequently appeared words, McNaught and Lam (2010) used Wordle, a web-based word clouds
program, to analyze the transcriptions of six focus-group meetings. They claimed that word clouds can be a
supplementary research tool in conducting content analysis. Word clouds can present what the most common words
are with their size reflecting their frequency.

Although several articles mentioned above have conducted studies on content and citation analyses regarding
educational technology research, the citation analyses examined in the highly cited articles in a specific journal have
not been examined in detail. Hence, the current study systematically analyzed the research type, research topic, first
author’s country, international collaboration, participant levels, learning domain, research method, and frequently
appearing keywords among top 20 highly cited articles in the ET&S during 2003-2010.

Method
Materials

The data were based on the highly cited articles published in the ET&S from 2003 to 2010. The ET&S was chosen
for two reasons. First, the ET&S has a high impact factory of 1.066 in Thomson Scientific 2010 Journal Citations
Report, from the Web of Science database. Second, the ET&S is one of the leading Social Science Citation Index
(SSCI) journals in the field of educational technology. The ET&S, a quarterly journal, began publishing referred
journal articles in 1998, and has been on the SSCI list since 2003. All the journal’s articles are freely accessing
online at http://www.ifets.info.

The search period was set during 2003 to 2010 because the ET&S was not indexed in the Web of Science database
until 2003. It is important to note that the articles in the Web of Science database show more consistency in quality
under restrict peer-review and an objective evaluation process (Braun, Schubert, & Kostoff, 2000; Wohlin, 2007).
Hence, identifying the characteristics of the highly cited articles published in the ET&S during the past eight years
will provide a macroscopic and systematic examination for readers to have a holistic and accurate interpretation of
the research influence in the field of educational technology.

The Web of Science database (http://www.isiknowledge.com/), published by the Institute for Scientific Information
(now Thomson Reuters), was the literature source in this study. The reason to use the Web of Science database was
that it is the most important and frequently used source database in conducting bibliometric studies in various
research fields (Gil-Montoya et al., 2006; Lee, Wu, & Tsai, 2009; Li et al., 2009; Mao, Hwang, & Ho, 2010; Ozcinar,
2009; Tsai & Wen, 2005).



Procedures

The authors went through three steps to analyze the characteristics of the highly cited ET&S articles. In the first step,
the authors searched the name of the ET&S journal in the Web of Science database for the timespans 2003-2010,
2003-2006, and 2007-2010, respectively. Afterwards, the authors refined the search by specifying articles under the
category of document types. The database produced total citation numbers of articles published in the ET&S in
different time intervals, using the update data as of November 30, 2011. Since this study focused on examining the
highly cited articles until 2010, a calculation of the number of citations per article was computed by subtracting the
citations of the year 2011. The criterion for selecting the highly cited articles was those articles published in the
ET&S and cited at least 15 times.

In the second step, the authors identified research types, research topics, first author’s country, participant level,
learning domain, research methods, and frequently appearing keywords among all the articles obtained from the
results of the first step. The process of classifying research type and research topics was jointly coded by two raters
(one of the authors and one research assistant with master’s degree in cognitive psychology). The two raters first
discussed the coding criteria, and then separately coded three articles listed on the highly cited articles during 2003-
2010. The agreement rate between raters for all coding results was 90%, suggesting that the coding classification
used in this study was stable and reliable. Disagreements were resolved via three face-to-face discussions between
the two raters.

In the final step, the authors used word clouds (http://www.wordle.net) to validate the previous analysis in manual
coding implemented in the second step. Wordle is a web-based visualization program to generate word clouds. The
authors first typed all the keywords listed on the highly cited empirical studies, and the program automatically
generated a graphic on a new web page.

Data analysis

In addition to manual coding, the authors used word clouds to be a supplementary research tool to support traditional
content analysis methods (McNaught & Lam, 2010). Word clouds reveal the frequencies of the different words
within the body of text. The more frequent the word, the more important is the concept (McNaught & Lam, 2010).
Since word clouds deal with each word as the unit of analysis, the authors used this supporting tool to validate the
finding of research topics obtained from manual coding.

Results
Identification of the highly cited articles published in the ET&S

The results of the citation analysis of the top 20 highly cited articles from the years 2003-2010, 2003-2006, and
2007-2010 included self-citations. Appendix-1, Appendix-2 and Appendix-3 present the results, which have been
ranked in order by the number of citations, in different time intervals. This yielded 20, 20, and 23 articles for the
periods 2003-2010, 2003-2006, and 2007-2010, respectively. The reason for retrieving more than 20 articles was the
tied number of citations among the last four highly cited articles. A detailed list of the highly cited articles in rank
order by total number of citations can be found in the Appendix.

Research types

All the data retrieved from the Web of Science database were identified into four categories: system and/or model
design, empirical study, theoretical paper, and other. The four categories were modified from those suggested by Lee
et al. (2009). The category of system and/or model design included articles that report a new system and/or model
applied in a new learning context, without statistical analyses. Empirical study category included articles that report
results obtained from what the research methods were (quantitative, qualitative, or mix-method), who the participants
were, what the participants did, and what measures were utilized. Theoretical paper category included articles that
propose “a new theory or theoretical framework” in the field of educational technology (Lee et al., 2009, p. 2002).
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Since some articles could not meet the definition of the three categories, they were classified into the category “other.”
Table 1 presents the frequencies and percentages of research types after the two coders manually classified the top 20
highly cited articles in different time intervals. During 2003-2010, 40% (n = 8) were under the category of system
and/or model design, 30% (n = 6) were empirical studies, 15% (n = 3) were theoretical papers, and 15% (n = 3) were
under the category of other. From 2003 to 2006, 38.1% (n = 8) were system and/or model design, 23.8% (n = 4) were
empirical studies, 14.3% (n = 3) were theoretical papers, and 23.8% (n = 5) were under the category of other. During
2007-2010, 17.4% (n = 4) were system and/or model design, 52.2% (n = 12) were empirical studies, 8.7% (n = 2)
were theoretical papers, and 21.7% (n = 5) were under the category of other. The comparison of different research
types in highly cited articles is presented in Figure 1.

Table 1. Frequencies and percentages of research types in top 20 highly cited articles during 2003-2010, 2003-2006, and 2007-2010

Research types Frequencies (Percentages)

2003-2010 2003-2006 2007-2010
System and/or model 8 (40%) 8 (38.1%) 4 (17.4%)
design
Empirical study 6 (30%) 4 (23.8%) 12 (52.2%)
Theoretical paper 3 (15%) 3 (14.3%) 2 (8.7%)
Other 3 (15%) 5 (23.8%) 5(21.7%)
Total 20 (100%) 20 (100%) 23 (100%)

B System and/or
model design
m Empirical study

W Theoretical

paper
B Other

(2)

m System and/or B System and/or

model design
W Empirical study

W Theoretical
paper
W Other

model design
m Empirical study

® Theoretical

paper
W Other

(b) ()
Figure 1. (a) Distribution of the research types during 2003-2010; (b) Distribution of the research types during 2003-
2006; and (c) Distribution of the research types during 2007-2010

Co-authorship

The results indicated that the vast majority of the highly cited articles were co-authored with one or more
collaborations. For example, the percentages of co-authored articles with either the same country or different country
were 90% (n = 18), 80% (n = 16), and 83% (n = 19) for the periods 2003-2010, 2003-2006, and 2007-2010,
respectively.

During 2003-2010, 85% (n = 17) of the highly cited articles were written by more than one author. Yang (2006) from
Taiwan, Liu (2005) from Taiwan, and Nichols (2003) from New Zealand were the only three single authors among
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the highly cited ET&S articles. To divide different time intervals, the authors found that four highly cited ET&S

articles were written by single authors between 2003 and 2006. They were: Yang (2006) from Taiwan, Nichols (2003)
from New Zealand, Liu (2005) from Taiwan, and Anohina (2005) from Latvia. Four highly cited ET&S articles were

also written by single authors from 2007 to 2010, namely Paquette (2007) from Canada, Dron (2007) from UK, Liu

(2007) from Taiwan and Yang (2009) from Taiwan.

International collaboration

Of the top 20 highly cited articles published in the ET&S during 2003-2010, 20% (n = 4) articles had international
co-authorship. The articles with international collaboration were: Koper and Olivier (2004) between The Netherlands
and U.K. with 84 citation counts, Aroyo and Dicheva (2004) between The Netherlands and U.S.A. with 29 citation
counts, Avgeriou et al. (2003) between Greece and Cyprus with 25 citation counts, and Aroyo et al. (2006) among
The Netherlands, Germany, Belgium, Sweden, and Austria with 18 citation counts. Researchers from the Netherland
were the most active to collaborate with scholars with other countries in publishing internationally co-authored
articles.

The results of four highly cited ET&S articles in international collaboration during 2003-2006 were identified to
those of the articles between 2003 and 2010. The four articles were: Koper and Olivier (2004), Aroyo and Dicheva
(2004), Avgeriou et al. (2003), and Aroyo et al. (2006). Four highly cited ET&S articles during 2007-2010 were
identified with international collaboration. They were: Jovanovic et al. (2007) between Serbia and Canada with 12
citation counts, Teo, Luan, and Sing (2008) between Singapore and Malaysia with 9 citation counts, Hastie, Chen,
and Kuo (2007) between Australia and Taiwan with 9 citation counts, and Chen, Kinshuk, and Wei (2008) between
Taiwan and Canada with 7 citation counts. Researchers from Canada and Taiwan were the most active to engage in
international collaboration in publishing articles.

Research topics under system and/or model design articles

To further analyze research topics in highly cited articles under system and/or model design during 2003-2010, the
authors identified that research topics were adaptive learning (Karampiperis & Sampson, 2005; Henze, Dolog, &
Nejdl, 2004; Aroyo et al., 2006), mobile and ubiquitous learning (Yang, 2006; Kravcik et al., 2004) , e-learning
(Aroyo & Dicheva, 2004), and collaborative learning (Yang, Chen, & Shao, 2004).

During 2003-2006, the research topics were mobile and ubiquitous learning (Yang, 2006; Kravcik et al., 2004),
adaptive learning (Karampiperis & Sampson, 2005; Henze, Dolog, & Nejdl, 2004; Aroyo et al., 2006), e-learning
(Aroyo & Dicheva, 2004), collaborative learning (Yang, Chen, & Shao, 2004), and assessment criteria (Yin et al.,
2006).

During 2007-2010, three research topics were identified: ontology (Jovanovic et al., 2007; Boyce & Pahl, 2007),
personalized learning (Wang et al., 2007), and ICT integration (Wang & Woo, 2007).

Characteristics of the highly cited empirical studies published in the ET&S

The following content analyses of the highly cited empirical studies were identified on the basis of research topics,
author’s country, participant level, learning domain, research methods, and frequently appearing author keywords.
Research topics

Based on the highly cited empirical studies during 2003-2010, the authors used manual coding to identify four
research topics. Table 2 shows the four research topics: collaborative learning (Hernandez-Leo et al., 2006; Zurita et

al., 2005), game-based learning (Holzinger et al., 2008; Virvou et al., 2005), mobile learning and ubiquitous learning
(El-Bishouty et al., 2007), and technology adoption (Sugar et al., 2004).



Table 2. Distribution of research topics of the highly cited empirical studies published in the ET&S during 2003-2010

Author/Y ear Research topic Citation counts
Hernandez-Leo et al. (2006) Collaborative learning 36
Holzinger et al. (2008) Dynamic media 30
Virvou et al. (2005) Game-based learning 28
Zurita, et al. (2005) Collaborative learning with mobile devices 22
Sugar et al. (2004) Technology adoption 20
El-Bishouty et al. (2007) Ubiquitous learning 15

After manually coding four highly cited empirical studies during 2003-2006, the authors found three main research
topics: collaborative learning (Hernandez-Leo et al., 2006; Zurita, et al., 2005), game-based learning (Virvou et al.,
2005), and technology adoption (Sugar et al., 2004) (Table 3).

Table 3. Distribution of research topics of the highly cited empirical studies published in the ET&S during 2003-2006

Author/Y ear Research topic Citation counts
Hernandez-Leo et al. (2006) Collaborative learning design 36
Virvou et al. (2005) Game-based learning 28
Zurita et al., (2005) Collaborative learning 22
Sugar et al., (2004) Technology adoption 20

Several research topics were classified in the highly cited empirical studies during 2007-2010. The authors
categorized mobile and ubiquitous learning (El-Bishouty et al., 2007; Chen & Hsu, 2008; Liu, 2007), e-learning
(Yukselturk & Bulut, 2007; Demetriadis & Pombortsis, 2007), dynamic media (Holzinger et al., 2008), forum
analysis (Hou et al., 2008), technology adoption (Teo et al., 2008), blended learning (Delialioglu & Yildirim, 2007),
Web 2.0 (Yang, 2009), and collaborative learning (Huang et al., 2009) (Table 4).

Table 4. Distribution of research topics of the highly cited empirical studies published in the ET&S during 2007-2010

Author/Year Research topic Citation counts
Holzinger et al., (2008) Dynamic media 31
El-Bishouty et al., (2007) Ubiquitous learning 15
Chen & Hsu (2008) Mobile learning 11
Teo et al., (2008) Technology adoption 9
Hou et al., (2008) Forum analysis 9
Yukselturk & Bulut (2007) e-learning 8
Liu (2007) Mobile learning 8
Yang (2009) Web 2.0 7
Delialioglu & Yildirim (2007) Blended learning 7
Demetriadis & Pombortsis (2007) e-learning 6
Makri & Kynigos (2007) Web 2.0 6
Huang et al., (2009) Collaborative learning 6

Authors’ Countries

Table 5 shows the frequencies of all authors’ countries over different time intervals. Based on author’s country, the
following countries were identified in the highly cited empirical studies during 2003-2010: Spain, Austria, Greece,
Chile, U.S.A., and Japan. Among four highly cited empirical studies during 2003-2006, the authors originated from
Spain, Greece, Chile, and U.S.A. With regard to 12 highly cited empirical studies during 2007-2010, 41.7% (n = 5)
of the authors’ country were from Taiwan, followed by Greece and Turkey, both of them with two highly cited
empirical studies. There was one international co-authored empirical study conducted by researchers from Singapore
and Malaysia during 2007-2010.

Table 5. Frequencies of author’s country in highly cited empirical studies during 2003-2010, 2003-2006, and 2007-2010

Country Frequencies

2003-2010 2003-2006 2007-2010
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Spain 1 1 0

Austria 1 0 1

Greece 1 1 2

Chile 1 1 0

Taiwan 0 0 5

U.S.A. 1 1 0

Japan 1 0 1

Singapore 0 0 1 (international
collaboration)

Malaysia 0 0 1 (international
collaboration)

Turkey 0 0 2

Total 6 4 12

Participant levels

As revealed in Table 6, all highly cited empirical studies involved post-secondary students and elementary school
students. No other educational levels of participants, such as junior high and senior high students, were found. The
educational levels of the participants involved in six empirical studies published during 2003 to 2010 were:
elementary school level (50%) and college level (50%). During 2003-2006, two empirical studies (Hernandez-Leo et
al., 2006; Sugar et al., 2004) involved college students and two empirical studies (Virvou et al., 2005; Zurita et al.,
2005) used elementary school students. Interestingly, 11 empirical studies during 2007-2010 involved college
students whereas only one study (Liu, 2007) used elementary school students.

Table 6. Frequencies of participant level in highly cited empirical studies during 2003-2010, 2003-2006, and 2007-2010

Participant level Frequencies

2003-2010 2003-2006 2007-2010
College 3 2 11
Elementary school 3 2 1
Total 6 4 12

Learning domain

Table 7 presents different learning domains applied in the highly cited empirical studies over different time intervals.
During 2003-2010, two articles were classified into education domain and two articles were science domain
(including computer and engineering). The two remaining empirical studies were about math and geography. During
2003-2006, two empirical studies (Hernandez-Leo et al., 2006; Sugar et al., 2004) were conducted in education
domain, and the two remaining studies were about math (Zurita, et al., 2005) and geography (Virvou et al., 2005).
During 2007-2010, six empirical studies were conducted in science domain. Four studies (Chen & Hsu, 2008; Teo et
al., 2008; Yang, 2009; Makri & Kynigos, 2007) were identified into education domain, and the two remaining
studies were classified into math (Liu, 2007) and business (Hou et al., 2008) domains.

Table 7. Frequencies of leaming domain in highly cited empirical studies during 2003-2010, 2003-2006, and 2007-2010

Learning domain Frequencies

2003-2010 2003-2006 2007-2010
Education 2 2 4
Geography 1 1 0
Math 1 1 1
Science (including computer and 2 0 6
engineering)
Business 0 0 1
Total 6 4 12
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Research method

Table 8 shows different research methods applied in the highly cited empirical studies over different time intervals.
During 2003-2010, among highly cited empirical studies (n = 6), four empirical studies utilized mixed method and
two used quantitative method. During 2003-2006, three empirical studies (Hernandez-Leo et al., 2006; Virvou et al.,
2005; Sugar et al., 2004) used mixed method, followed by one empirical study (Zurita et al., 2005) with quantitative
method. No empirical study using qualitative method was found in the two intervals. During 2007-2010, five
empirical studies (Hou et al., 2008; Liu, 2007; Yang, 2009; Delialioglu & Yildirim, 2007; Makri & Kynigos, 2007)
utilized qualitative method, followed by four studies (Chen & Hsu, 2008; Yukselturk & Bulut, 2007; Demetriadis &
Pombortsis, 2007; Huang et al., 2009) with mixed method and three studies (Holzinger et al., 2008; El-Bishouty et
al., 2007; Teo et al., 2008) with quantitative method. Interestingly, the number of empirical studies using qualitative
method obviously increased in the period of 2007-2010.

Table 8. Frequencies of research method in highly cited empirical studies during 2003-2010, 2003-2006, and 2007-2010

Research method Frequencies

2003-2010 2003-2006 2007-2010
Mixed method 4 3 4
Quantitative 2 1 3
Qualitative 0 0 5
Total 6 4 12

Frequent author keywords

According to Mao, Wang, and Ho (2010), author keywords analysis provides researchers with “the information of
research trend” (p. 813). The authors used word clouds to present the frequently used author keywords obtained from
the highly cited empirical studies during 2003-2010, 2003-2006, 2007-2010, respectively.

The Wordle program automatically generated three graphics (Figure 2(a), 2(b), and 2(c)) after the authors typed all
the keywords listed on the empirical studies in different periods of time. The results indicated that “learning” was the
top keyword that appeared in empirical studies over the different time intervals. During 2003-2010, the word clouds
showed that frequently appeared keywords were: collaborative learning, computer-supported collaborative learning,
dynamic media, and educational technology (Figure 2(a). It is important to note that the Wordle program shows
single words, and in this analysis, those words were combined as per the keywords provided by the authors in order
to obtain meaningful analysis. Only four empirical studies were identified during 2003-2006. The frequently
appeared keywords were: computer-supported collaborative learning and educational technology (Figure 2(b)).
During 2007-2010, the word clouds showed that mobile learning, media learning, blended learning, online learning,
instructional technology, and language learning using blog (Figure 2(¢)).
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Figure 2. (a)Word clouds of the keywords listed on empirical studies during 2003-2010; (b) Word clouds of the keywords listed
on empirical studies during 2003-2006; and (c) Word clouds of the keywords listed on empirical studies during 2007-2010
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Discussion

The purpose of the current study was to explore the characteristics of the highly cited articles published in the ET&S
during 2003-2010. Appendix-1 presents the top 20 highly cited articles published in the ET&S from 2003 through
2010. Obviously, Appendix-1 demonstrates that the top 20 highly cited articles were mostly about system and/or
model design (40%, n = 8) during 2003-2010. It is not surprising to obtain such findings because most researchers in
the field of educational technology conducted system/model design in a short period of time to report how the
system/model worked in a learning setting.

The distribution of highly cited empirical studies during 2003-2006 and 2007-2010 was quite different. The results
indicated that only four (23.8%) empirical studies were found in the top 20 highly cited articles from 2003 to 2006.
On the other hand, 12 (52.2%) empirical studies were retrieved within the top 20 highly cited articles from 2007 to
2010. The reason could be that the ET&S did not receive many high quality empirical studies before 2007. As a
result, fewer empirical study articles were cited by other scholars during 2003-2006.

The impact or visibility of an article can be identified by the number of citations (Chiu & Ho, 2007). The overall
quality of the highly cited articles published in the ET&S over the past years appeared to be good due to an increase
in mean citation count every year (impact factor in 2010 = 1.067) shown on the Web of Science database. The
numbers of internationally co-authored articles in different time intervals were the same. They did not increase in
recent years. One of the reasons may be that it is difficult to find common research topics among researchers from
different countries. Moreover, it would be reasonable to assume that participants’ different characteristics and
English proficiencies may hinder the possibilities of conducting international collaboration. To increase more
international collaborations in research fields, the policy makers may provide consistent financial support for those
researchers who are interested in publishing international co-authored articles while allocating national funding.

From Appendix-1, it is evident that will be the key trends in the near future. Further, mobile learning technology and
ubiquitous collaborative learning with mobile devices, and game-based learning, and ubiquitous learning were the
core research topics, based on the six highly cited empirical studies during 2003-2010. This is in line with the 2011
Horizon Report (http://wp.nmc.org/horizon2011/). In this report, the application of mobile devices and game-based
learning learning are new research topics with great potential in academia (Hwang & Tsai, 2011; Liu & Hwang,
2010). Hence, the three core research topics definitely echo these researchers’ statements and indicate a future
direction in the field of educational technology.

After splitting into two different time intervals, the authors found different results. During 2003-2006, among four
frequently cited empirical studies, collaborative learning was the hot research topic in this time frame. During 2007-
2010, mobile/ubiquitous learning, e-learning, and Web 2.0 were identified to be the trends in citations among the 12
highly cited empirical studies. Particularly, the topic of collaborative learning became less representative in recent
years. It is possible that the findings of collaborative learning studies have matured in the educational technology
field, which in turn affects the citation counts of these articles. On the other hand, mobile/ ubiquitous learning and
other technology-based learning have become popular research topics over the recent years. For example, two studies
related to mobile/ubiquitous learning conducted by El-Bishouty et al. (2007) and Chen & Hsu (2008) received 16
and 11 citation counts respectively (as of November 30, 2011). It is therefore not surprising that the results of the
present study are consistent with the 2011 Horizon Report due to the fact that mobile devices have become
affordable and wireless network connections are accessible for the public.

The researchers in the field of educational technology generally conduct empirical studies in different learning
domains. The results of analyzing highly cited empirical studies indicated that the research of using technology in
science classes and education programs showed their impact during 2007-2010. In particular, 50% (6 out of 12) of
the highly cited empirical studies during 2007-2010 were found in science curriculum (including computer and
engineering). The studies of using technology in the science classroom published in the ET&S obtained more
attention from the researchers over the past four years. Based on the findings, it is predicted that using technologies
in different learning domains will be foreseeable.

In terms of research methodology, mixed-method was found to be the major research method in highly cited
empirical studies over 2003-2010. By analyzing the research methods used in highly cited empirical studies, the
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authors concluded that mixed-method was popularly applied in the field of educational technology. For researchers,
the reason to apply mixed method design is to collect both quantitative and qualitative data in order to present
complete pictures and in-depth explanation about the findings.

The increase of using qualitative method in educational technology research was observed at different time intervals.
No papers with qualitative research were found during 2003-2006, whereas five (42%) qualitative research papers
were identified during 2007-2010. It suggests that the findings in educational technology research need more in-
depth exploration to investigate users’ thoughts and concerns.

Interestingly, the results of using word clouds to present the frequently used author keywords were similar to the
findings obtained from manual coding. For instance, in analyzing empirical studies, the authors found that ubiquitous
learning, mobile learning, and collaborative learning were highlighted in Wordle.

The findings of this study are constrained by some limitations, which similar studies in future should address. First,
selecting a single journal to analyze the highly cited articles might be skewed towards a certain research field due to
the small number of published articles. It might not be truly representative of the total literature of educational
technology. Analyzing different journals in the same field may have different results regarding the characteristics
identified in this study. Second, the analysis on research topics obtained from the highly cited empirical studies could
be extended to analyze research topics from all articles published in the ET&S. Third, the highly cited articles were
analyzed by total citation counts obtained from 2010 Journal Citation Report. Future study may analyze the h index
in the highly cited articles by comparing individual authors’ h indices and their papers cited in the field of
educational technology. Finally, the citation counts used in this study included self-citations. Use of indications
(rather than indicators, such as citation counts) to evaluate the quality of the highly cited articles lends itself to
further investigation (Aksnes, 2003).

The way forward

It has been very interesting journey through time to see how educational technology has progressed as reported in the
highly cited papers in the Journal of Educational Technology and Society. The field has matured immensely in
certain areas and new directions are opening up. Still, the issue of “learning” has stayed on the top and hopefully, we
would be sensible enough to keep it that way.

The major goal of the journal, since when it was started, has been to open up dialog between those who design the
educational technology and those who use it. The analysis seems to endorse progress in that area even if a lot of
work still to be done. Interestingly, the patterns emerged during the analysis align with the analyses of other
prominent initiatives, such as the Horizon Reports published by the New Media Consortium (http://www.nmc.org),
and the roadmap for education technology compiled by Woolf (2010). For example, Horizon Reports have over past
few years consistently identified research areas related to mobility, collaboration, social media and personalization,
as some of the technologies with the best chances of adoption. Woolf (2010)’s roadmap also identified these as
promising areas to overcome various challenges that are experiences in today’s educational environment. Findings of
the study presented in this paper agree with these analyses and provide indication of a healthy research progress for
the advancement of these educational technology research areas worldwide.

In terms of the coverage of the issues, concerns related to the impact of ICT were very predominant at earlier stage
but later declined, as Web-based learning has more and more integrated into mainstream education and teething
problems have started to sort out.

Educational paradigms and concerns for individual students have continued to dominate the field and the trend
indicates that it will continue to do so.

Infrastructure issues and associated technologies have featured continuously but there is a rapid shift in the field.
Earlier issues of the journal featured areas like hypermedia but the focus then shifted to more advanced entities such
as collaborative technologies, social media, mobile learning and collaborative technologies, and the trend seems to
continue for a foreseeable future.
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Overall, the analysis indicates that the field of educational technology is a rapidly evolving field. Both educational
paradigms and technological advancements are affected. However, the changes in technology are at much faster pace
compared to the shifts in educational paradigms. It would be very interesting to see how the landscape develops in
next few years, when the true effects of globalization and ever improving connectivity based technologies, such as
ubiquitous and augmented reality technologies mature.

Conclusions

The distribution of research topics in highly cited empirical studies identified in this study provides insights for
educators and researchers in the educational technology field to develop their future research interests. Moreover, the
results might lead researchers in educational technology to focus their manuscript submissions on the hot research
topics found in this study.

To monitor the research trends in the field of educational technology, the authors used word clouds to analyze author
keywords listed in the highly cited empirical studies and made a cross-validation with the research topics found in
this study. The authors could conclude that the future research direction of educational technology is mobile learning,
ubiquitous learning, and game-based learning. The findings provide directions to better understand the future
potential research topics.

Two questions were worthy of re-thinking after the authors finished this study. Why did the highly cited articles
published in the ET&S with single author receive high citation rates? Future studies might ask the author(s) about
their comments. Another question is that international collaboration illustrates a contribution factor for the highly
cited articles. How did these authors from different countries find their common research topics? The current study
has set the footing and foundation of guiding future studies on these issues.
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Appendix 1

as of November 30, 2011) during 2003-2010

Rank Citation Title Author(s) Country Published Research
counts year /page type
number

1 84 Representing the learning design of units | Koper, R., The 2004/7(3), Theoretical
of learning Olivier, B. Netherlad | 97-111 paper

s, U.K.

2 45 Context aware ubiquitous learning Yang, S.J. H. | Taiwan 2006/9(1), System
environments for peer-to-peer 188-201 evaluation
collaborative learning

3 36 COLLAGE: A collaborative learning Hernandez- Spain 2006/9(1), Empirical
design editor based on patterns Leo, D., 58-71 study (mixed

Villasclaras- method)
Fernandez, E.

D., Asensio-

Perez, J. L.,

Dimitriadis,

Y., Jorrin-

Abellan, I.

M., Ruiz-

Requies, I.,

Rubia-Avi, B.

4 36 Adaptive learning resources sequencing Karampiperis, | Greece 2005/8(4), System
in educational hypermedia systems P., Sampson, 128-147 evaluation

D.

5 31 Dynamic media in computer science Holzinger, A., | Austria 2008/11(1), Empirical
education, content complexity and Kickmeier- 279-290 study
learning performance: Is less more? Rust, M., (quantitative

Albert, D. method)

6 30 Reasoning and ontologies for Henze, N., Germany | 2004/7(4), System
personalized e-learning in the semantic Dolog, P., 82-97 evaluation
web Nejdl, W

7 29 The new challenges for e-learning: The Aroyo, L., The 2004/7(4), System
educational semantic web Dicheva, D. Netherlan | 59-69 introduction

ds, U.S.A.

8 28 Combining software games with Virvou, M., Greece 2005/8(2), Empirical
education: Evaluation of its educational Katsionis, G., 54-65 study (mixed
effectiveness Manos, K. method)

9 25 Towards a pattern language for learning Avgeriou, P., | Greece, 2003/6(2), Other
management systems Papasalouros, | Cyprus 11-24

A., Retalis,
S.,
Skordalakis,
M.

10 24 Ontology enabled annotation and Yang, S.J. Taiwan 2004/7(4), System
knowledge management for collaborative | H., Chen, L. 70-81 evaluation
learning in virtual learning community Y.-L., Shao,

N.W. Y.

11 22 Dynamic grouping in collaborative Zurita, G., Chile 2005/8(3), Empirical

learning supported by wireless handhelds | Nussbaum, 149-161 study
M., Salinas, (quantitative
R. method)

12 20 Criteria, strategies and research issues of Hwang, G.-J., | Taiwan 2008/11(2), Other

context-aware ubiquitous learning Tsai, C.-C., 8191
Yang, S.J. H.

13 20 Examining teachers’ decisions to adopt Sugar, W., US.A. 2004/7(4), Empirical

new technology Crawley, F., 201-213 study (mixed
Fine, B. method)
14 19 A theory for eLearning Nichols, M. New 2003/6(2), 1- | Theoretical
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Zealand 10 paper

15 19 Using mutual information for adaptive Liu, C.-L. Taiwan 2005/8(4), Other
item comparison and student assessment 100-119

16 18 Mobile collector for field trips Kravcik, M., Germany | 2004/7(2),25- | System

Kaibel, A., 33 evaluation
Specht, M.,
Terrenghi, L.

17 18 Interoperability in personalized adaptive Aroyo, L., The 2006/9(2), 4- System and

learning Dolog, P., Netherlan | 18 model
Houben, G.- ds, evaluation
J., Kravcik, Germany,
M., Naeve, Belgium,
A., Nilsson, Sweden,
M., Wild, F. Austria

18 16 An ontology-based framework for Knight, C., Canada 2006/9(1), 23- | Theoretical
bridging learning design and learning Gasevic, D., 37 paper
content Richards, G.

19 16 A particle swarm optimization approach Yin, P.-Y., Taiwan 2006/9(3), 3- System
to composing serial test sheets for Chang, K.-C., 15 design
multiple assessment criteria Hwang, G.-J.,

Hwang, G.-
H., Chan, Y.

20 16 PERKAM: Personalized knowledge El-Bishouty, Japan 2007/10(3), Empirical
awareness map for computer supported M.M., Ogata, 122-134 study
ubiquitous learning H., Yano, Y. (quantitative

method)
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Abstract

Two recent publications report the emerging technologies that are likely to have a significant impact on learning
and instruction: (a) New Media Consortium’s 2011 Horizon Report (Johnson, Smith, Willis, Levine & Haywood,
2011), and (b) 4 Roadmap for Education Technology funded by the National Science Foundation in the USA (to
download the report see http://www.cra.org/ccc/edtech.php). Some of the common technologies mentioned in
both reports include personalized learning, mobile technologies, data mining, and learning analytics. This paper
analyzes and synthesizes these two reports. Two additional sources are considered in the discussion: (a) the
IEEE Technical Committee on Learning Technology’s report on curricula for advanced learning technology,
and, (b) the European STELLAR project that is building the foundation for a network of excellence for
technology enhanced learning. The analysis focuses on enablers of (e.g., dynamic online formative assessment
for complex learning activities) and barriers to (e.g., accessibility and personalizability) to sustained and
systemic success in improving learning and instruction with new technologies. In addition, two critical issues
cutting across emerging educational technologies are identified and examined as limiting factors — namely,
political and policy issues. Promising efforts by several groups (e.g., the National Technology Leadership
Coalition, the IEEE Technical Committee on Learning Technology, Networks of Excellence, etc.) will be
introduced as alternative ways forward. Implications for research and particular for assessment and evaluation
are included in the discussion as means to establish credible criteria for improvement.

Keywords
Accessibility, Emerging technology, Network of excellence, Online assessment, Personalization

Introduction

New and more powerful information and communications technologies (ICT) continue to emerge at a rapid pace. Their
use in business, government, and the entertainment sectors is widespread and the impact remarkable. E-commerce
continues to grow at a rate of about 20% globally and is expected to approach a trillion US dollars in 2013 (JP Morgan,
2008). E-government is now well established at many levels in both developed and developing countries around the
globe and particularly critical in times of national and international crisis (United Nations Public Administration
Netwrok, 2010). The entertainment industry is perhaps the leader in ICT innovations as demonstrated by the popularity
of animated 3D feature-length movies and massively multi-player games on smart phones. Given the growth and impact
of ICT in other sectors, it is reasonable to wonder what impact emerging educational technologies will have on learning
and instruction and how research might be directed to explore that impact.

As it happens, scholars have been exploring the issue of emerging educational technologies and their impact for years.
Two recent sources will be discussed in this paper: (a) the New Media Consortium’s (2011) 2011 Horizon Report
(Johnson et al, 2011), and (b) Roadmap for Education Technology commission by the National Science Foundation in
2010 (Woolf, 2010). In addition to these two highly regarded sources, two projects that have been exploring emerging
educational technologies will also be examined and included in the discussion: (a) the European STELLAR project that
is developing a network of excellence for technology enhanced learning (see http://www.stellarnet.euw/), and (b) the
IEEE Technical Committee on Learning Technology’s effort to recommend curricula for advanced learning
technologies (Hartley, Kinshuk, Koper, Okamoto, & Spector, 2010).

The analysis will focus on enablers and barriers for systemic and sustained improvements in making effective use of
ICT in learning and instruction. The paper concludes with the role that politics and policy play as enablers of and
barriers to technology enhanced learning, along with recommendations for research agendas to promote technology
enhanced learning.

The 2011 Horizon Report

The New Media Consortium, a globally-focused not-for-profit consortium, (see http://www.nmc.org) established the
Horizon Project in 2002 to identify and describe emerging technologies that seemed likely to have a significant
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impact on a variety of sectors around the world. Potential impacts on teaching, learning and creative inquiry have
been a focus from the very first Horizon Report. The 2011 Horizon Report (Johnson et al., 2011) includes sections
on key trends, critical challenges and technologies to watch. The report identifies six technologies to watch in three
time-to-adoption contexts: one year or less, two to three years, and four to five years. In addition to the primary
report, there are reports on specific sectors (e.g., K-12) and regions (e.g., Australia). To gain a complete
understanding of the report, it is a good idea to look at previous reports and use the new Navigator tool to explore the
huge sets of data used to develop the various Horizon Reports; these are available to the general public at no cost on
the NMC Website.

Key trends

The 2011 Horizon Report identified four key trends, all of which also appeared in the 2010 Horizon Report. First, the
massive amount of resources and relationship opportunities afforded by the Internet create a continuing need to re-
examine the role of an educator with regard to sense-making, coaching, and credentialing. Second, people continue
to expect to work, learn and study at their convenience in terms of time and place. Third, work is increasingly
collaborative which creates a need to [re-]structure student projects to reflect authentic and realistic contexts likely to
be encountered outside study environments. Fourth, technologies are increasingly cloud-based. Taken together, these
trends suggest that learning environments should be more collaborative and that they should make use of tools,
technologies, processes and resources likely to be encountered in the workplace. While this is not ground-shaking
news to educational technologists and researchers, the implications for schools really are ground-shaking in the sense
that significant transformations need to occur if schools are to be responsive to such trends.

Critical challenges

Four critical challenges are also identified in the 20// Horizon Report (Johnson et al., 2011). First and foremost,
digital media literacy is again ranked as the most important challenge. In order to maintain currency with emerging
technologies and the trends previously described, being literate in the area of digital media is vital. Digital literacy is
a multi-faceted skill that covers the ability to find, use, interpret, modify, and create a variety of digital media.
Falling behind in this area contributes to the digital divide, which is widening just when accessibility and resources
are expanding. A second significant challenge is in the area of evaluation metrics, which was noted in 2010 as well.
The challenge in this area is in part because much of the research being conducted is designed for earlier forms of
education resulting in no significant differences being found for new forms of education. Third, economic pressures
associated with new media are challenging traditional forms of education to compete in novel ways. In response to
the trend for teaching and learning anywhere and anytime, online universities and programs are attracting increasing
numbers of students causing traditional universities to compete for students who would have been presumed to prefer
traditional universities. Fourth, due to the proliferation of information, resources, tools and devices, it is increasingly
difficult for teachers and students to maintain their knowledge and skills. As would be expected, the challenges are
closely connected with the trends noted earlier. It is worth noting here that the challenge of developing appropriate
evaluation metrics, along with associated assessments, is especially important in the sense that without such metrics,
progress in any of the areas mentioned is merely speculative. This issue arises in the NSF Roadmap to be discussed
in a subsequent section.

Technologies to watch

In the near term (one year or less), the report identifies two technologies, consistent with findings in previous years:
electronic books and mobile devices. Both of these are well known and have already made their way in educational
contexts. Moreover, they are consistent with the trends and challenges presented previously. Electronic books add to
the wealth of information and resources available on the Internet, but they may not be accessible to everyone. Mobile
devices do allow people to learning almost anywhere at their convenience, but keeping pace with new mobile
devices is a challenge and there are places where the devices or the networks to facilitate their use are not accessible
or affordable.
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In the two-to-three year time horizon, two technologies are identified that have significant but not yet fully realized
potential to impact learning and instruction: augmented reality and game-based learning. Both of these technologies
are now part of mainstream popular culture in many parts of the world, but their potential to impact education is not
yet fully realized. Augmented reality consists of computer generated sensory input to supplement human perception.
A simple example is a mobile device used museums to assist visitors; the device might show a movie clip or play an
audio file to enhance the exhibit viewer’s experience. Game-based learning is not new, of course, but what is
relatively new is the strength of interest in massively multiplayer games as evident at the serious games Website (see
http://www.seriousgames.org/). While there is great interest in digital games and games are becoming increasingly
sophisticated and popular, there is not strong evidence of improved learning on account of game-based learning
experiences, although there are notable exceptions (Tobias & Fletcher, 2011). This deficiency points to the
importance of the challenge for improved evaluation metrics, and for the need to connect game and education goals.
While the devices to support educational gaming have become quite sophisticated, there is again the issue of access
to and knowledgeable use of those devices, which in many cases detracts from the learning experience. In this
author’s opinion, an example of an effective educational game is one created using a validated system dynamics
model that allows learners to collaboratively interact, formulate hypotheses, make decisions, and develop policies to
guide future decisions (Milrad, Spector, & Davidsen, 2003).

In the four to five year time horizon, the two technologies identifies as most likely to impact learning and teaching
are gesture-based computing and learning analytics. Gesture-based computing extends input from keyboard and
mouse to include body and eye movements. The goal is to make interaction more intuitive and natural, although the
evidence in this area is not convincing, at least not in terms of improved learning and instruction. The devices
themselves are quite popular and are quite likely to continue to gain interest in entertainment contexts. The one area
where gesture-based computing is likely to be directly effective is with simulators that are intended to behave like
their real-world counterparts — in such cases, it is possible to make the interaction experience quite authentic and
realistic, which is likely to impact learning. The other longer-term technology to watch is learning analytics. The
notion of analytics is to mine very large sets of data in near-real time in order to configure an experience for a user
that is likely to be relevant and of interest. Commercial e-commerce sites already do this to suggest to buyers
additional purchases based on things already selected by them that matched with additional things that similarly
profiled users selected. In an educational context, the notice of learning analytics can build on meaningful evaluation
and assessment metrics (a challenged noted earlier) to configure particular learning experiences in a personalized
learning context. For example, assume that profiles are kept on learners that include interests, preferences and
previous performance. When a particular learner is struggling with a unit of instruction, the learning analytics
module could search a database of similarly profiled learners who struggled with that same unit of instruction but
who subsequently succeeded when given an opportunity to interact with a supporting unit of instruction. Then, the
personalized learning system presents a customized learning activity based on the output of the learning analytics.
Such a system is realistic and may be closer than four or five years from realization and impact in actual instructional
contexts.

The NSF roadmap for education technology

In 2009, the US National Science Foundation commissioned a report on the future of educational technology. A
number of meetings and workshops were convened that included leaders in several different disciplines who were
tasked with making recommendations for a research agenda and future federal funding. The report from these
meetings and workshops was published in 2010 (Woolf, 2010). The report focused on the role and impact of
computing and technology in education, and it included research recommendations and a vision for education the
year 2030. Seven grand challenges were identified followed by seven technology recommendations. In the next two
sections, the grand challenges and technology recommendations are briefly characterized. The report contains a
rationale for each of these challenges and recommendations, and readers are directed to the report for elaboration. In
the context of this paper, the overlap with the Horizon Report will be emphasized, as there is a great deal of
convergence, which adds credibility to both reports as they were constructed independently without overlapping
authors.
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Grand challenges

These grand challenges form the basis for specific research recommendations made in the Roadmap, some of which

will be discussed in a subsequent section, and are connected with the vision for education in 2030 (that vision is not

elaborated here as the emphasis here is on emerging technologies and their implications for education and research in
the next few years).

e  Personalizing education—a one-method fits all approach does not match up with a diverse population and the
potential of new technologies; moreover, finding in cognitive psychology and new technologies make it
possible to create effective learning activities to meet individual student needs and interests; this challenge fits
quite well with trends and challenges cited in the Horizon Report.

e  Assessing student learning—there is a need for effective assessments of students and teachers, not only for
accountability and promotion (summative) but in order to improve learning and instruction (formative); the
focus in assessment should be on improving learning, especially from a perspective of life-long learning and
literacy in the information age; assessments should be seamless and ubiquitous (woven into learning activities
unobtrusively); this challenge matches directly with the elaboration of evaluation metrics in the Horizon Report.

e  Supporting social learning—supporting meaningful and collaborative learning activities is more important than
ever before, partly due to requirements in the workplace to work collaboratively and partly due to the
affordances of new Web 2.0 technologies; this challenge fits well with the Horizon Report trend pertaining to
increasing collaboration and the challenges pertaining to digital media literacy and traditional models of the
university.

¢  Diminishing boundaries—traditional boundaries between students and teachers, between and among personal
abilities and types of learning, between formal and informal learning, and between learning and working are
changing and becoming blurred in the 21* century; this creates a need to recognize the significance of informal
learning and different learner abilities and interests; this challenge matches quite well with all of the Horizon
Report trends and challenges.

e  Developing alternative teaching strategies—the teacher is no longer the sole source of expertise in classroom
settings due to the widespread availability of networked resources; this creates a need to change instructional
approaches and train teachers accordingly; this challenge fits well with the challenge of new models of
education and the trends cited in Horizon Report.

e  Enhancing the role of stakeholders—stakeholders in education systems need to develop trust that those systems
are adequately preparing students for productive lives in 21% century society; as a consequence, there is a need
to regularly consult with employers, parents, administrators, teachers and students to ensure that all
stakeholders have confidence that the education system is working well; this challenge matches well with the
Horizon Report challenge pertaining to economic and pedagogical pressures on traditional forms of instruction.

e  Addressing policy changes—the knowledge society requires flexibility on the part of an informed population;
educational inequities and the digital divide can challenge the stability of a society and need to be addressed; as
with the other challenges, this one matches will with several trends and challenges cited in the Horizon Report.

It is obvious that these challenges are interrelated, as is the case with the trends and challenges in the Horizon Report.
It is not possible to address just one without taking into consideration the others. The Roadmap includes a discussion
of these interrelationships along with a table that maps the grand challenges to technology features and the vision of
education in 2030. Readers are referred to the Roadmap for additional details.

Technology recommendations

Seven information and communications technologies areas are discussed in the Roadmap that are likely to have a
significant impact on learning and instruction. Each is briefly characterized so that the overlap with the Horizon
Report can be illustrated.

e  User modeling—dynamic modeling of student competencies and prior learning is an important area in which
ICT can contribute to improved learning and instruction, particularly through formative assessment and
personalized instruction; pursuing new methods and tools to support user modeling fits well with the Horizon
Report trends and challenges as well as with other technology recommendations in the Roadmap.

e  Mobile tools—new mobile devices are increasing access to and use of ever more resources to support learning
activities; integrating these smart and flexible tools into education context is a priority for the future; this
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recommendation matches directly with the Horizon Report elaboration of mobile technologies and ubiquitous
access.

e  Networking—access to networked resources in essential in order to maintain progress in learning and
instruction in the 21 century; these resources can democratize education and help minimize the digital divide if
other challenges are met; this recommendation matches directly with the Horizon Report trend pertaining to
cloud-based computing.

e  Serious games—the notion of fun within the context of learning has long been recognized in primary education;
the role of an education game to promote motivation and interest are gaining traction in secondary and post-
secondary settings; serious games are those games that have an explicit and carefully planned educational
purpose; more massively parallel, multi-player online games should be pursued and designed for transfer of
learning to real-world environments; this recommendation is a direct match the Horizon Report emphasis on
game-based learning.

e Intelligent environments—the research and development of intelligent tutoring environments in the 1980s and
1990s have matured and can now be applied to many contexts with more effective student modeling to
effectively support personalized learning; the recommendation is to pursue adaptive systems in a wide variety
of domains consistent with the other technologies mentioned in the Roadmap; there is no direct match with this
recommendation in the Horizon Report although it is consistent with nearly all of the trends and technologies
elaborated in that report.

e  Educational data mining—it is now possible to record, store and retrieve a great deal of education data
pertaining to individual and groups of learners that can be used to provide formative assessment and personalize
learning, which is the recommendation of the Roadmap in this area; this recommendation is a direct match with
the emphasis in the Horizon Report on learning analytics, and links with the other technologies cited in both
reports.

e Rich interfaces—rich interfaces include those technologies that can sense, recognize, analyze and react to
human interaction, and these, coupled with more open-ended learning environments, can be used to promote
learning and instruction in a wide variety of contexts; the recommendation is to pursue rich interfaces that are
responsive to affective as well as cognitive interaction, that support augmented realities, and that can serve as
personal learning companions; this recommendation matches quite well with the Horizon Report emphasis on
gesture-based computing and augmented reality.

As was the case with the grand challenges, these technologies to watch are interrelated and should be pursued in
combinations rather than as single points of emphasis in research and development agendas. Some of the specific
research recommendations in the Roadmap will be elaborated in a subsequent section.

The IEEE learning technology technical committee report on curricula

The IEEE Technical Committee on Learning Technology (TCLT) established a Working Committee to develop
specifications for new curricula for advanced learning technologies as a response to the demands and potential of
new and emerging technologies (Hartley, Kinshuk, Koper, Okamato, & Spector 2010).The Working Committee
adopted and developed a competency-based approach with regard to curricula and assessments to cover
undergraduate, postgraduate and training contexts. The competences were elaborated and assembled as a framework
consisting of competence domains, classes and tasks which should be useful to educators and practitioners in
adopting a broader multi-disciplinary approach, and in developing greater skill and understanding when applying
new technologies to improve education and training. The effort reported here represents a three-year effort that
culminated in the 2010 report (Hartley et al., 2010). The reason for including a summary of this report is that it again
highlights the consistency found in the Horizon Report and the Roadmap — another indication that there is broadly
based convergence on a global scale of the ideas represented in those two reports. This convergence will be further
emphasized in the STELLAR project to be discussed in a subsequent section of this paper.

The Working Committee agreed with Melton (1997) that developments in technology are placing growing demands
on the educational system, which are necessitating changes to curricula, pedagogies and assessment procedures.
Existing curricula in informatics, learning technology and instructional design are confronting serious challenges in
meeting the requirements of the workplace and society in general. The effort resulted in a competency framework
that included five competency domains with associated sub-domain competence classes, which are more specific
competencies that provide an elaboration of each competency domain; the reader is encouraged to examine the final
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report for details of competencies classes as that is beyond the scope of this paper. The five competency domains
(competency clusters) are briefly characterized as a context for the thirteen advanced learning technology curricula
topical areas aimed at preparing instructional technologists and educational information scientists of the 21* century.

Knowledge competence domain—this domain includes those competences concerned with demonstrating
knowledge and understanding of learning theories, of different types of advanced learning technologies
(including those cited in the Roadmap and Horizon Report), technology based pedagogies, and associated
research and development.

Process competence domain—this domain focuses on skills in making effective use of tools and technologies to
promote learning in the 21° century; a variety of tools ranging from those which support virtual learning
environments to those with pertain to simulation and gaming are mentioned.

Application process domain—this domain concerns the application of advanced learning technologies in
practice and actual educational settings, including the full range of life-cycle issues from analysis and planning
to implementation and evaluation.

Personal and social competence domain—consistent with the emphases cited in the Roadmap and Horizon
Report, the report emphasize the need to support and develop social and collaboration skills while developing
autonomous and independent learning skills vital to lifelong learning in the information age.

Innovative and creative competence domain—this domain specifically recognizes that technologies will
continue to change and that there is a need to be flexible and creative in making effective use of new
technologies; becoming effective change agents within the education system is an important competence
domain for instructional technologists and information scientists; this competency cluster is especially
consistent with the Horizon Report challenge pertaining to the changing nature of education systems and the
emphasis in the Roadmap on enhancing the role of stakeholders and addressing policy changes.

The Working Committee report (Hartley et al., 2010) identified thirteen topical areas that might be included in
curricula in the future, each of which is elaborated in more detail in the report. The purpose here is simply to suggest
a convergence of emphasis in the various reports pertaining to emerging technologies and the implications for
learning, teacher preparation and research. The topical areas include the following:

Introduction to advanced learning technologies—an historical overview of the evolution of learning
technologies to provide a grounding in lessons learned from past efforts.

Introduction to human learning in relation to new technologies—an elaboration of the contributions of cognitive
psychologists and instructional designers in recent years.

Foundations, evolution and developments in advanced learning technologies—emphasis on the affordances of
new technologies, especially those pertaining to social networking, mobile devices and adaptive technologies
(all of which are mentioned in the Horizon Report and the Roadmap).

Typologies and key approaches to advanced learning technologies—elaboration of the links between and
among taxonomies of technologies, technologies affordances, pedagogical approaches, and learning goals and
objectives.

User perspectives of advanced learning technologies—detailed treatment of the roles, expectations, and
responsibilities of the various users involved with education systems involving new and emerging technologies.
Learner perspectives of advanced learning technologies—elaboration of how various learners view and use new
and emerging technologies for a variety of purposes.

System perspectives of advanced learning technologies—emphasis on a systems level understand of new
technologies and a holistic view of how effective technology integration can and does take place.

Social perspectives of advanced learning technologies—emphasis on collaborative work, multi-disciplinary
groups, and organizational and management issues involved in making effective use of new technologies.
Design requirements—development of competence in the area of identifying critical design issues and creating
effective plans to meet the challenges of user modeling, adaptive systems, and access to networked resources
(again these are all technologies identified in the Horizon Report and the Roadmap).

Design processes and development lifecycles—development of competence in such areas as needs assessment,
requirements analysis, interface design, and authoring tools.

Instructional design and the learning objects approach—up-to-date treatment of instructional design with
emphasis on creating and using learning objects and flexible packaging of reusable and open-source
components.

Evaluation models and perspectives—emphasis on the need to construct and conduct comprehensive formative
and summative evaluations in order to systematically improve learning and instructional systems; this topical
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area is particularly well matched the emphasis in the Horizon Report on evaluation metrics the emphasis in the
Roadmap on assessments.

e  Emerging issues in advanced learning technologies—explicit recognition that technologies change and new
ones will emerge, creating new challenges and an ongoing need to be flexible and creative in making effective
use of learning technologies.

While these thirteen topical areas are generally well matched with the trends, challenges and technologies discussed
in the Horizon Report and the Roadmap, they are particularly pertinent in emphasizing the need to properly prepare
the teachers, instructional designers and information scientists of the future. It is clear that powerful educational
technologies exist and will continue to emerge. What is not clear is how well we will be able to make effective use of
those technologies. Without proper training of teachers and others, it is likely that new technologies will suffer the
fate of so many educational technologies of the past — little impact on learning and marginal adoption rates. We can
and should do better with these powerful new technologies, and serious and seriously changed curricula are required
in order to do so.

A network of excellence for technology enhanced learning

A fourth source to emphasize the convergence of thinking about emerging educational technologies is the STELLAR

Project that is developing a network of excellence in the area of technology enhanced learning (see

http://www.stellarnet.eu). This three-year European project that will end in 2012 has already developed a number of

resources that are available to the general public. In addition, networks to support advanced graduate students and

connect TEL (Technology Enhanced Learning) scholars and researchers around the world are in place. The

STELLAR Project identified five grand challenges (see http://www.stellarnet.eu):

e  Provide a unifying framework for research;

e  Engage the TEL community in scientific debate and discussion to develop awareness of and respect for
different theoretical and methodological perspectives;

e  Build TEL knowledge;

e  Developing an understanding of how Web 2.0 technologies can support the construction of knowledge and
research; and,

e  Develop strategies for TEL instruments to feed and fuel ongoing developments.

The elaboration of these challenges is quite consistent with those discussed in the Horizon Report and the Roadmap,

although the language used to express the challenges is somewhat different. Again we find emphasis on technologies

(e.g., Web 2.0 technologies) mentioned in the other reports. The third and fourth challenges mentioned above are

completely consistent with the Working Committee report on curricula for advanced learning technologies. The

convergence with the previous reports discussed is even more obvious when three STELLAR guiding themes are
considered:

e  Connecting learning through networked learning and learner networks; this brings to mind the Horizon Report
emphasis on cloud-based computing, the Roadmap emphasis on supporting social learning and the Working
Committee report with its personal and social competence domain.

e  Orchestrating learning with an emphasis on the role of teachers, the importance of meaningful assessments, and
a focus on higher order knowledge and skills; this them is directly aligned with the Horizon Report’s discussion
of the changing roles of educators, evaluation metrics, and new education systems, the Roadmap’s discussion of
personalized education, assessing student learning, and alternative teaching methods, and the Working
Committee’s curricula recommendations in many competence areas.

e  Contextualizing virtual learning environments and instrumentalizing learning contexts with an emphasis on
novel experiences, new technologies, the mobility of learners and standards for interoperability; this theme
aligns well with the emphasis in the other reports on augmented reality, alternative teaching methods,
evaluation metrics, learning analytics, mobile technologies, and so on.

In summary, the convergence in these four sources of thinking about new and emerging technologies and their
potential impact on learning and instruction is quite remarkable. The trends, challenges, and technologies discussed
in these four sources are not all that new. They might be summarized as follows: (a) there will be smaller, more
portable and more flexible devices to support learning; (b) there will be larger and more powerful information and
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learning repositories to use in constructing learning experiences, assessing learning, and supporting personalized
instruction; (c) educational environments will continued to become richer in terms of interaction, collaboration,
media modalities, connectivity, collaboration, assessment; (d) learning activities will become increasing focused on
problem solving and critical reasoning skills in authentic contexts; and (e) more holistic approaches (e.g.,
collaborative learning, emphasis on both affective and cognitive aspects of learning, etc.) to learning and instruction
will displace traditional atomistic approaches that focus on individual learners and simpler learning tasks (e.g.,
declarative knowledge and simple, decontextualized procedures (Spector, 2000; Spector & Anderson, 2000).

Given such convergence among the academic community, one wonders if the recommendations and visions will
materialize. What might stand in the say of realizing the potential of new and emerging technologies? What are the
likely enablers and barriers?

Enablers and barriers

Enablers of successful integration of new technologies to improve learning and instruction are easily linked with
barriers to success, and they fall mainly into two categories: (a) technology and infrastructure, and (b) human use and
adoption. There is no shortage of powerful new technologies and many are quite affordable. For the technologies
discussed in this paper to have an impact, access and supporting infrastructure are critical factors. Widespread,
affordable and unfettered access to the Internet is basic. Without access to what the Horizon Report called cloud-
computing and other reports simply referred to as the Web, very little progress or change is possible. Internet access
and the supporting infrastructure are essential enablers of ongoing progress. Lack of such access becomes a barrier to
progress and will serve to widen the digital divide. Simply stated, the technology and infrastructure barriers can be
overcome with a modest investment of resources, and they must be overcome in order to ensure progress in the area
of technology enhanced learning.

The issue of human use and adoption of new technologies is much more complex and challenging, as noted in
several reports. Humans, both individuals and groups, are not always rational. Being rational involves being able to
(a) articulate clearly stated goals, (b) identify and assess alternative means of achieving those goals, (c) follow-
through with consistent and determined action consistent with the goals, and (d) evaluate progress and make
appropriate adjustments. Such rationality requires a willingness to examine evidence, especially evidence that may
be counter-intuitive or not well-aligned with one’s predispositions. Consistent with many examples of concerted
human behavior in many different domains, it is perhaps reasonable to conclude that humans are only intermittently
rational. Some will resist integrating new technologies as doing so may seem to threaten practices that have become
comfortable routines. Others may resist new technologies as they worry that students will be more adept with those
technologies than they are. Still others may simply believe that what worked for them and famously successful
people of their generation should be good enough for anyone. Other patterns of resistance to change and the adoption
of new technologies can be cited as well. The Working Committee report emphasized the need for educational
technologists and information scientists of the future to become effective advocates of change. This is a skill that is
not easily or readily acquired, and in addition to the difficulty of developing skills of change agency, there is a need
to be recognized as a legitimate source of expertise. Again this emphasizes the need to properly prepare people to
function in an atmosphere of rapidly changing technologies with resistant populations and limited budgets. There are
a few cases where human use and adoption issues have been addressed at a national level with remarkable success
(e.g., Ireland, Japan, and South Korea). The larger and more diverse the society involved is, the more serious are the
challenges posed by human use and adoption. Still, this area should be addressed, as suggested by all four sources
discussed above.

On the human side of barriers and enablers, politics and policies stand out as perhaps the greatest challenge. Policies
are developed and implemented at multiple levels, ranging from the school and district level, to the state, regional
and national level. When policies are viewed as constraining and restrictive by teachers and learners, it is not likely
that progress will occur, in spite of adequate technology and infrastructure. This is the case in many places in the
USA where state-mandated testing in accordance with the national No Child Left Behind (NCLB) law is viewed as
interfering with ongoing learning activities. In many schools in the USA, learning is interrupted for a week or longer
devoted to preparing for and taking the mandated tests. Moreover, those tests seldom serve the constructive purpose
of improving learning and instruction or encouraging specific educational practices. Rather, they are viewed as
punishing poorly students, teachers and schools. If this personal assessment of NCLB is at all accurate, then the
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conclusion is that this is a case of a policy serving as a barrier to progress even though it was intended to be an
enabler.

Research directions

The Roadmap addresses research directions throughout the report with too many recommendations to discuss in this
short paper. Because assessment is an area cited by all of the sources as a critical factor in improving learning and
instruction with technologies, the focus here is on research in the area of assessment. The Roadmap and the IEEE
Working Committee both cite competencies as a focal point for assessment. This is a traditional view of
assessment — namely that assessments should be aligned with objectives. However, all of the sources emphasize
formative assessments. The Roadmap discusses the importance of assessments that are useful to all parties. From a
learner’s perspective, this amount to a formative assessment that identifies a particularly difficult area along with
recommended activities and resources that might help improve progress (Shute, 2008). In addition, formative
assessments that are dynamic and occur in the context of specific learning activities are quite useful. As a
consequence, the Roadmap encourages research aimed at developing dynamic, formative assessments, especially for
learning activities that involve complex learning tasks.

Two specific advanced assessment technologies are worth mentioning that are specifically aimed at supporting the
goals and visions of learning with advanced technologies discussed in this paper. The first of these involves using an
annotated and dynamic concept map technology developed by Pirnay-Dummer, Ifenthaler, and Spector (2010). The
general notion is that when a learner is confronted with a challenging, ill-structured problem (e.g., engineering
design, environmental planning, technology integration), it is possible to elicit how the learner is conceptualizing the
problem space, compare that representation with how highly experienced persons have conceptualized the same
problem space, dynamically analyze similarities and differences, and use that analysis to encourage the learner to
consider alternative solution approaches or perhaps to focus on a previously overlooked aspect of the problem.

The second technology is to make use of stealth assessments—that is to say, collect data on student performance in
the course of a student or group of students working online on a problem solving activity. Such data may be log data
from a computer system, for example. An analysis can be conducted on such files to determine what was done or not
done. The stealth assessment system might then prompt the student to consider an alternative course of action or
explore some part of the system previously ignored based on the analysis of the log file.

Both stealth assessment and dynamic concept map assessment have been demonstrated to be effective in a variety of
learning situations. Both technologies exist but require funding support to become mainstream educational
assessment tools available at low cost for widespread use throughout an education system. In addition, there are
many important research questions worth investigating with regard to both of these representative emerging
assessment technologies, including when it makes sense to interrupt the learner given a variety of situations, how
learning advice is most effectively offered (e.g., suggestive vs. directive), and why learners follow or fail to follow
advice offered by such assessment agents.

Conclusion

Four highly reputable sources of views and perspectives on new and emerging educational technologies have been
reviewed and discussed. What is evident from this review and the discussion is that powerful technologies continue
to emerge that can have significant impact on learning and instruction. What is not clear is to what extent the
recommendations for research and the visions for education will be realized. Significant barriers remain, including
budgetary matters, social perspectives that do not always place high value on education, and natural human
tendencies to resist change. We have the means and wherewithal to transform learning and instruction and to make
education affordable and accessible for nearly everyone on this planet. Will that happen? If one judges the future
based on the past, the conclusion is that such transformations are not likely to happen on a global basis, although
they will surely occur on a limited and local basis. It is perhaps unwise to place faith in educational progress in the
technologies alone, regardless of how powerful and promising they are. Perhaps we ought to place our faith in
properly trained, persistent, and dedicated teachers, designers, administrators, policy makers and parents—that is this
author’s conclusion.
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ABSTRACT

This paper reviews 74 journal papers that investigate ICT integration from the framework of technological
pedagogical content knowledge (TPACK). The TPACK framework is an extension of the pedagogical content
knowledge (Shulman, 1986). TPACK is the type of integrative and transformative knowledge teachers need for
effective use of ICT in classrooms. As a framework for the design of teacher education programs, the TPACK
framework addresses the problem arising from overemphasis on technological knowledge in many ICT courses
that are conducted in isolation from teachers’ subject matter learning and pedagogical training. The present
review we have conducted indicates that TPACK is a burgeoning area of research with more application in the
North American region. Studies conducted to date employed varied and sophisticated research methods and they
have yielded positive results in enhancing teachers’ capability to integrate ICT for instructional practice.
However, there are still many potential gaps that the TPACK framework could be employed to facilitate deeper
change in education. In particular, we suggest more development and research of technological environments
base on TPACK; study of students’ learning conception with technology; and cross fertilization of TPACK with
other theoretical frameworks related to the study of technology integration.

Keywords
Technological pedagogical content knowledge (TPACK), ICT, teacher education

Introduction

While ICT is becoming prevalent in schools, and children are increasingly growing up with ICT, teachers’ use of
ICT for teaching and learning continue to be a concern for educators (Jimoyiannis, 2010; Polly, Mims, Shepherd, &
Inan, 2010). Integrating ICT into classroom teaching and learning continue to be a challenging tasks for many
teachers (Shafer, 2008; So & Kim, 2009). Teachers feel inadequately prepared for subject-specific use of ICT and
robust theoretical framework is lacking (Brush & Saye, 2009; Kramarski & Michalsky, 2010). To address the
challenges, an important theoretical framework that has emerged recently to guide research in teachers’ use of ICT is
the technological pedagogical content knowledge (TPACK).

The notion of technological pedagogical content knowledge (TPACK) formally emerged in the literature of education
journal in 2003 (Lundeberg, Bergland, Klyczek, & Hoffman, 2003). In 2005, several seminal articles appear
concurrently (see Angeli & Valanides, 2005; Koehler & Mishra, 2005a; Niess, 2005). Originally given the acronym of
TPCK, the acronym has recently been changed to TPACK for the ease of pronunciation (see Thompson & Mishra,
2007-2008). Since 2005, TPACK has been a burgeoning focus of research especially among teacher educators who are
working or interested in the field of educational technology. To date, we have identified more than 80 journal articles
written with reference to the TPACK framework. However, TPACK still needs to be further understood and developed
into an actionable framework that can guide teachers’ design of ICT interventions. This warrants a need to review and
assess the directions of current TPACK research. This study therefore aims to consolidate the collective emerging
trends, findings, and issues generated in TPACK research, and to identify its current gaps. It also proposes a revised
TPACK framework to guide possible areas for future research that address the current research gaps.

Method

Identifying journal articles

The literatures were identified in May 2011 by first exploring the Web of Science database, follow by Scopus
database. The keyword employed was “technological pedagogical content knowledge” and “TPACK OR TPCK.” As
a result, a total of 40 full articles were located. A further search was conducted using Education Research Complete
and ERIC as databases in the EBSCOhost. The search yielded 75 journal articles. Combining the searches and
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eliminating duplicates, a total of 82 journal articles were collected. We removed 5 book reviews for the Handbook of
Technological Pedagogical Content Knowledge (TPCK) for Educators (AACTE, 2008) and three position papers
with one or two paragraphs advocating that the TPACK framework should guide future work in ICT integration.
These position papers were assessed as not adding much to this area of study and were thus not included. The
remaining 74 articles were read, analyzed and coded using a spreadsheet program.

Coding scheme employed

The coding scheme were adapted from the structured/systemic approach to literature review as advocated by Lee,

Wu and Tsai (2009; see also Tsai & Wen, 2005). For this review, four main categories were employed to allow the

researchers to make sense of the articles. They are listed as follow:

* Basic data: authors, year of publication, journals, localities of study

* Research methods: research approach, method, theme, data collected, method of analyses, research outcomes

» Content analyses: technology, pedagogy, content area and the designed pathway (i.e., how the researchers/teacher
educators design their program according to the TPACK framework)

* Discussion: issues discussed, future directions, personal comments

These four areas of coding allow the researchers to systematically study the emerging trends, issues and possible
future research directions. The personal comments were memo of the researchers’ emerging query and understanding
about the literature. All codes were accepted based on consensus among the researchers and each paper was coded
twice. As the codes are relatively objective, we do not have many disputes in reaching consensus. In the following
sections, we will delimit the 7 dimensions of TPACK before we proceed to present the findings of the review.

Delimiting TPACK and its constituents

TPACK refers to the synthesized form of knowledge for the purpose of integrating ICT/educational technology into
classroom teaching and learning. The core constituents of TPACK are content knowledge (CK), pedagogical
knowledge (PK), and the technological knowledge (TK). The interaction of these three basic forms of knowledge
gives rise to pedagogical content knowledge (PCK), technological content knowledge (TCK), technological content
knowledge (TPK) and the TPACK. As a form of knowledge, TPACK has been described as situated, complex,
multifaceted, integrative and/or transformative (Angeli & Valanides, 2009; Harris et al., 2009; Koehler & Mishra,
2009; Manfra & Hammond, 2008). As a framework, it has been employed to unpack ICT-integrated lessons, teachers
work with ICT, to design teacher education curriculum, to design classroom use of ICT and to frame literature
review pertaining to ICT or educational technology (Polly et al., 2010). In essence, this is a powerful framework
which has many potential generative uses in the research and development related to the use of ICT in education.
Figure 1 below shows the diagrammatic depiction of the relations among the seven constructs.
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Figure 1. TPACK Framework (Koehler & Mishra, 2009; p. 63)
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Confusion about TPACK constructs

Due to the overlapping nature of the framework, concerns about the confusion among the constructs have been
highlighted by researchers such as Cox and Graham (2009) and researchers interested in measuring teachers’ self-
reported perception of TPACK (Archambault & Barnett, 2010; Lee & Tsai, 2010). Cox and Graham (2009)
emphasize the notion of independence when classifying the forms of knowledge. For example, when discussing
knowledge pertaining to TPK such as the principles of the use of online forum for discussion, there should be no
reference towards the subject matters (CK). Their suggestion seems very appropriate in helping researchers to
delimit the constructs. Based on their suggestion, some loose use of terms in the literature can be detected. For
example, Archambault and Barnett (2010) commented that two teachers interpret their item 1d “My ability to decide
on the scope of concepts taught within my class” (p.1959) as pertaining to the PCK while they intended it to be
representing CK. The item is unclear as content scoping may involve a pedagogical decision, which could be
properly classified as PCK. Polly et al. (2010) consider “using technology to address specific academic standards”
and the design of “technology-rich units” (p. 866) as work in the area of TCK. As academic standards are usually set
for education purpose, they may be designed with implicit pedagogical intentions. In such cases, the materials should
properly be classified as TPACK. On the other hand, while software such as Google Earth and SPSS can be
undoubtedly classified as TCK since they are designed for general usage without consideration towards pedagogy,
digitization of print based materials can hardly be classified under TCK as such digitization can be carried out for all
content.

Other areas that may require some clarifications are in the areas of TK and TCK. While it is legitimate to include
knowledge of operating overhead projectors and many other traditional forms of technology as technological
knowledge (see Schmidt et al., 2009), in the context of TPACK research, it would only serve to cloud the focus.
Confining the discussion of TK to skills and knowledge in using technologies associated with computers would be
more appropriate and meaningful (see Cox & Graham, 2009).

Synthesizing from the literature we reviewed (Cox & Graham, 2009; Koehler & Mishra, 2009; Mishra & Koehler,
20006), Table 1 below attempts to provide the succinct definition of each construct accompany with some examples.

Table 1. Definition and examples of TPACK dimensions

TPACK Definition Example
Constructs

TK Knowledge about how to use ICT hardware and software =~ Knowledge about how to use Web 2.0
and associated peripherals tools (e.g., Wiki, Blogs, Facebook)

PK Knowledge about the students’ learning, instructional Knowledge about how to use problem-
methods, different educational theories, and learning based learning (PBL) in teaching
assessment to teach a subject matter without references
towards content

CK Knowledge of the subject matter without consideration Knowledge about Science or
about teaching the subject matter Mathematics subjects

PCK Knowledge of representing content knowledge and Knowledge of using analogies to teach
adopting pedagogical strategies to make the specific electricity
content/topic more understandable for the learners (see Shulman, 1986)

TPK Knowledge of the existence and specifications of various  The notion of Webquest, KBC, using
technologies to enable teaching approaches without ICT as cognitive tools, computer-
reference towards subject matter supported collaborative learning

TCK Knowledge about how to use technology to Knowledge about online dictionary,
represent/research and create the content in different SPSS, subject specific ICT tools e.g.
ways without consideration about teaching Geometer’s Sketchpad, topic specific

simulation

TPACK Knowledge of using various technologies to teach Knowledge about how to use Wiki as an

and/represent and/ facilitate knowledge creation of
specific subject content

communication tool to enhance
collaborative learning in social science
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Findings of this review

In the following sections, findings of this review are presented in three main sections according to the basic data
analyses, research methods analyses, and content analyses. Findings from the analyses of discussion such as
identified issues, gaps in research and insights that emerged are incorporated into the findings.

Findings from the basic data analyses

General publication trend

Figure 2 below documents the growth of publication since the first article was published in 2003.
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Figure 2. Growth of publication since 2003 to May 2011

The trend as reflected clearly indicates a growing interest in applying the framework. While at this point of time we
cannot assess if the 2011 figure indicates a drop in publication in this area, we conjecture that the framework will
continue to receive attention from educators. The integration of ICT into curriculum inevitably involves the three
basic dimensions of TPACK, i.e., the TK, PK, and CK. It is difficult if not impossible to label a lesson as ICT
integrated if any of the basic element is missing.

Site of Studies

In terms of the sites of study, most of the studies were conducted in the North America (65%, n = 49). The next
region is from Europe and Mediterranean, accounting for 16.7% (Turkey, 4; Israel, 3; Cyprus, 2; Finland, Norway,
Greece, Spain 1 each). The Asia Pacific region started to contribute to the literature in 2008 accounting for the rest
(17.6%) of the contribution (Singapore, 5; Taiwan, 4; Australia, 3; Malaysia, 1). The figures suggest that many more
studies can and perhaps should be carried out beyond the US. It is worth noting that theoretical papers have only
been written by the US-based researchers. Researchers beyond US could perhaps contribute to theorizing the
framework, based on the different cultural contexts and thus the experience in developing teachers for ICT
integration. Currently, the TPACK framework is adopted in cross cultural context without questions.

Types of journals
To date, 44 journal titles published article employing the TPACK framework. Forty seven of the articles (64%) are
published in educational technology journals (e.g., Australasia Journal of Educational Technology, Computers &

Education). Eight articles (10.8%) are published in cross discipline journals (e.g., Journal of Technology and
Teacher Education, Journal of Science Education and Technology). Seven articles (9.5%) are classified as published
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in subject based journals (e.g., English Education, Journal of Geography) , 6 in general pedagogy journals (e.g.,
Instructional Science), 4 in teacher education journals (e.g., Teaching and Teacher Education), and one in general
education magazine (California Readers). This distribution indicates that the TPACK framework is more readily
accepted by education technologists rather than content specialists. It further implies the need for education
technologists to further publicize the frameworks among content specialists.

Findings from the research method analyses

Out of the 74 papers, 55 are data driven research while the other 19 papers are non-data driven. The nineteen papers
are classified as theoretical paper (9), worked example (9) and an editorial paper. To qualify as data driven papers,
the papers need to have an explicitly method section that addresses data collection and data analyses. We report the
non-data driven papers below before findings about the data driven papers are reported.

Theoretical papers

The nine theoretical papers reviewed uniformly argued for relevance of TPACK as a guiding framework for
teachers’ acquisition of knowledge for ICT integration (Cox & Graham, 2009; Hammond & Manfra, 2009b; Harris,
Mishra, & Koehler, 2009; Kereluik, Mishra, & Koehler, 2011; Koehler & Mishra, 2005b; 2009; Pierson &
Borthwick, 2010; Robin, 2008; Swenson, Young, McGrail, Rozema & Whitin, 2006). Cox and Graham’s (2009)
paper deals with precising definitions of the TPACK constructs. The other 8 papers discussed how TPACK
framework can be used to guide educators’ effort in dealing with the challenges on teaching and learning that are
brought forth by rapidly changing technologies. For example, Harris et al. (2009) suggested helping social studies
teachers by providing 42 forms of activity type that could integrate ICT to enhance instruction. Kereluik et al. (2011)
points out that teaching is complex problem solving while Koehler and Mishra (2005b) highlights TPACK as
repurposing technology through teachers’ design effort.

In his review of the AACTE (2008) handbook, Hewitt (2008) suggested that there is a lack of critical perspectives
among the authors who have contributed. Similar remarks may be also appropriate for these theoretical papers as
none of them reflexively challenges the TPACK framework. Perhaps the gaps for further theorizing may be found in
the comprehensiveness of the framework or the contextual influences bearing on teachers’ TPACK (see later section).

Worked examples

Other than the theoretical papers, there are 9 papers classified as worked examples. These papers report schools or
the researchers’ effort in applying the TPACK framework to structure learning in institutional settings (Brush &
Saye, 2009; de Olvieria, 2010, Guerrero, 2010; Kersaint, 2007; Lambert & Sanchez, 2007, Lee & Hollebrands, 2008)
or creating resources and examples for ICT integration (Bull, Hammond & Ferster, 2008; Harris et al., 2010; Toth,
2009). The last non-empirical paper is an editorial paper written by Bull et al. (2007). They discussed ICT integration
as “wicked problems” and the needs for further research on effective ICT integration to subsequently inform teachers
and policy makers. In sum, the publication of these papers indicates that educators perceive strong needs for the
sharing of resources, examples, best practices and further studies for ICT integration. In the following section, we
dwell more into depth on the data driven research.

Data driven research

Based mainly on the explicit classification of the research methods reported by the authors, the 55 data driven papers
can be classified into 3 types of research approaches (31 qualitative, 13 quantitative, and 11 mixed approach papers)
and 7 categories of research methods. The research methods and the number of studies include artifact evaluation (2),
software development (1), case study (10), intervention study (32), document analysis (1), survey study (4), and
instrument validation (5). Table 2 below provides a summary of these studies.
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Table 2. Summary of empirical research papers

Research Research
References method approach Theme of research
Oster-Levinz & Klieger, 2010; Valtonen, Kukkonen, & Artifact Online courses website
Wulff, 2006 evaluation Qualitative evaluation
Wu, Chen, Wang, & Su (2008) Software Mixed Development of game-
development based environment for
computer engineering
course
Doering & Veletsianos, 2008; Hammond & Manfra, Case study Qualitative Students’ perception and
2009a; Manfra & Hammond, 2008; Schul, 2010a; Schul, practice of learning with
2010b technology
Almas & Krumsvik, 2008; An & Shin, 2010; Teachers’ perception
Hofer & Swan, 2008 and practice of teaching
with ICT integration in
classrooms
Wilson & Wright, 2010 Teachers’ development
(5 years) of TPACK
from preservice to
inservice stage
Khan, 2011 Mixed University teachers and
students’ perception of
the pedagogical use of
simulation for learning
chemistry
Allan, Erickson, Brookhouse, & Johnson, 2010; Angeli | Intervention Mixed Reports of courses
& Valanides, 2009; Doering, Veletsianos, Scharber, & studies designed to the
Miller, 2009; Hardy, 2010a, 2010b; Koehler & Mishra, improved teachers (pre-
2005; Mishra & Koehler, 2006; Ozmantar, Akkog, service, inservice,
Bingolbali, Demir, & Ergene, 2010; Tee & Lee, 2011 university faculty)
Akkog, 2011 ; Archambault, Wetzel, Foulger, & Qualitative TPACK.
Williams, 2010; Bowers & Stephens, 2011; Groth,
Spickler, Bergner & Bardzell, 2009; Haris & Hofer,
2011; Holmes, 2009; Jang, 2010; Jang & Chen, 2010;
Koh & Divaharan, 2011; Lundeberg et al., (2003);
Nicholas & Ng, 2010; Niess, 2005; Richardson, 2009;
Shafer, 2008; So & Kim, 2009; Jimoyiannis, 2010
Angeli & Valanides, 2005; Chai, Koh & Tsai, 201 1a; Quantitative
Chai, Koh & Tsai, 2010; Graham et al., 2009; Koehler,
Mishra & Yahya, 2007; Kramarski & Michalsky, 2010;
Kramarski & Michalsky, 2009
Lee & Tsai, 2010; Archambault, & Barnett, 2010; Koh, Instrument Quantitative | Creation of survey to
Chai & Tsai, 2010; Sahin, 2011; Schmidt et al., 2009 validation measure the various
TPACK dimensions
Greenhow, Dexter & Hughes, 2008 Survey Mixed Survey of teachers’
Banas, 2010; Ozgun-Koca, 2009 studies Qualitative view and use of ICT
Jamieson-Proctor, Finger, & Albion, 2010 Quantitative | with reference to
TPACK constructs
Polly et al., 2010 Document Qualitative Review of PT3 project
analysis reports and journal

papers
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Artifacts evaluation

Valtonen, Kukkonen, and Wulff (2006) evaluated 13 high school teachers created online courses for virtual high
school employing the TPACK framework, with focus towards Jonassen, Peck and Wilson (1999) meaningful
learning framework. The online activities were classified according to the five aspects of the meaningful learning
framework (active authentic, intentional, constructive and cooperative), for example completing drill-and-practice as
a form of active learning (which is disputable from our perspective). The evaluation essentially mapped out the
various forms of TPK of the online activities. Frequency of subject matter (CK) that employs online activities were
then computed to reflect the forms of TPACK that teachers adopted. Their analysis indicates that the courses
foregrounded active learning over the rest of the dimensions, and the courses are teacher centric in nature with drill-
and-practice and self-assess assignment as the predominant online activities. Oster-Levinz and Klieger (2010) also
reported that they have created an instrument based on the TPACK framework for the evaluation of online tasks and
it was used to evaluate 53 online tasks. The quality of the PK and PCK reflected in the designed online task was
assessed with three point scales (high, medium, low). For example, choosing appropriate representations of the
curricular is an indicator for assessing the PCK.

Efforts in developing of rubrics for assessing the quality of instruction according to the various TPACK constructs
may be a meaningful area of study. It offers a comprehensive ways of evaluating designed ICT integrated lessons,
thereby helping educators to identify weaknesses and strengthen course design.

Software development

The TPACK framework can be a powerful framework for software development but it has thus far been only
reported once. Wu, Chen, Wang, and Su (2008) developed a role-playing game-based learning environment for
undergraduate computer majors and map out the features of the environment in relation to the TPACK framework.
They also identified the difficulties that they faced in the all seven TPACK constructs and identified possible
solutions to address the problems. For example, based on literature review, they selected role playing as the
appropriate pedagogy (PK) for learning of software engineering curriculum. They then identified the difficulties that
they faced as articulating the details of professional skills involved for all the characters involved in the game, and
they proposed to seek experts in the real world for help in this aspects. The designed environment was pilot tested
with a group of 34 students and students’ feedback affirmed the usefulness of the designed gaming environment.

Wu et al.’s (2008) work provides an example of how the TPACK framework can be employed for the development
of content-based technological environment that addresses identified pedagogical challenges. Design, development
and evaluation of learning environments is an important area if technology is going to contribute more to education
and the TPACK framework should be further exploited in this important area. Well-designed educational
environment based on the TPACK framework could reduce the effort teachers need to integrate ICT. Emerging
technologies that have been advocated as pedagogically powerful include mobile technologies, multi-touch
collaborative software, multi-users virtual environment etc. The TPACK framework could be employed to steer and
enhance these learning environments.

Case studies of students and teachers’ practices and perception

As shown in Table 2, there are 9 case studies reported to date. The themes of research cover mainly teachers’ and
students’ perception and practice of teaching and learning given some forms of technological tools (e.g., movie
makers) or environment (e.g., simulation or 1-1 laptop). These case studies were conducted in real world setting, thus
providing the readers a sense of how TPACK are enacted and the perceptions of the teachers and learners. The five
studies reporting students’ perception contribute to educators’ understanding of the effects of TPACK on students
(Hammond & Manfra, 2009a; Khan, 2011; Manfra & Hammond, 2008; Schul, 2010a, 2010b). Hammond and
Manfra interviewed students after they have completed their digital documentary making for history. They reported
that students’ prior conception of technology and their preferences influences their experiences. For example, some
students viewed PrimaryAccess (the software for creating digital documentary) as not so useable and inflexible and
some students disliked recording their own voices. In addition, the digital documentaries produced mimic
authoritative sources of information such as the textbook and teachers’ presentation, implicitly reflecting the
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students’ conception of learning history as reproducing accurate information. The study points to the importance of
understanding students’ perspectives.

When teachers are able to design TPACK integrated lesson, students learning could be enhanced. Khan (2011)
reported that the students view simulation software (TCK) as effective in helping them to understand Chemistry after
they went through 11 cycles of generate-evaluate-modify (a form of PCK instructed by the teacher) relationships
between variables. Doering and Veletsianos (2008) also reported that students who learn Geography using geospatial
technology and real time authentic data provided by scientist station in the Artic develop a better “sense of place.”
On the other hand, Schul (2010a; 2010b) utilize both the Cultural Historical Activity Theory (CHAT) and the
TPACK framework to study how TPACK activities evolve over time and shape the students’ learning practices. He
asserts that the two studies show that students are developing empathy for history and are acting like historian. The
approach of utilizing CHAT and TPACK can be expanded to study how teachers’ TPACK shape the classroom
activities and impact on other activity systems within the schools; and how such reciprocal interactions play out
socio-historically over time.

Interestingly, except for Khan’s (2011) study that was focused on undergraduate chemistry students, students’
learning was investigated mainly by researchers in the field of social studies (history, geography). More
investigations about students’ learning in general and for specific content areas such as mathematics and language art
are needed. Asian students’ perception of learning with technology could be another area worth exploring. In
addition, current investigations of students’ learning are qualitative in nature. Quantitative research especially in
terms of students’ learning processes and achievements should be conducted.

With regards to the teachers’ perception and practices about the use of ICT for teaching, Almas and Krumsvik’s
(2008) findings indicate that while the two teachers they observed and interviewed see ICT as integral to their work
especially for administration, their teaching practices did not change much. ICT was used to support teacher lectures
and students’ homework. The teachers' TPACK is emerging but national examinations are still their key concerns.
Manfra and Hammond (2008) studied how teachers’ pedagogical aims influence their practices and students’
learning practices as reflected in their final products. They reported that one of the teachers adopted traditional stance
and the students' learning practice are closely aligned to reproductive learning. For the other teachers who are more
constructivist oriented, the students exhibited more sense making and creativity in their work.

In other words, there is a need to distinguish TPACK that is teacher-centric or student-centric. These studies (Almas
& Krumsvik, 2008; Khan, 2011; Manfra & Hammond, 2008) reveal that teachers’ pedagogical beliefs, facilitation
and technological skills are important factors that influence the enacted TPACK in classroom, which subsequently
shape students’ practice and perception. The teachers’ pedagogical beliefs and skills can be classified as intra-mental
factors while examination requirements, time constraints and technological environments can be seen as institutional
and physical factors (see also An & Shin, 2010). The TPACK models may need to be expanded (see last section) in
order to explain the types of ICT integration practices enacted in the classrooms. In addition, more studies on how
teachers’ belief shape their TPACK and classroom practices are needed to clarify the relationships between beliefs,
knowledge and skills, and contextual affordances and constraints. Ethnographical research, which has not been
employed to date, could provide important insights needed to unpack the complexities involved.

Intervention studies

There are 32 intervention studies that examine course effectiveness and these studies employ the TPACK framework
to structure professional development programs for pre-service (17 studies), in-service (10 studies) and/or higher
education teachers (5 studies). Among these studies, seven were classified by the respective authors as case studies.
In addition, five were categorized as design-based research by the authors (Angeli & Valanides, 2005; Bowers &
Stephens, 2011; Mishra & Koehler, 2006; Tee & Lee, 2011; Shafer, 2008). However, as the purpose of these studies
was oriented toward course effectiveness; we believe it is clearer for them to be categorized as intervention studies. It
is worth noting at this point that the in-service and higher education studies normally involved small number of
participants (around 20) and therefore they employed mainly qualitative (12) or mixed methods (3). It seems
desirable to have large scale quantitative study among in-service teachers. In addition, while preschool and other
more specialized education teachers may also be using ICT, we did not find any study conducted for these teachers.
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The design-based research involves iterative design of the learning environment which is informed by the
implementation and analyses from authentic classroom context. It is intervention by nature but it does not treat the
effects as summative (Angelia & Valanides, 2005). On the whole, they are rigorous and they provided strong
evidences of the effectiveness of the TPACK framework. For example, Mishra and Koehler (2006) reported six case
studies that allow them to iteratively design and study how graduate students (mostly inservice teachers) and
faculties, who were involved in collaborative design of online courses or other technology-based learning
environment, were able to deepen their understanding of technology, pedagogy and content and also the overlapping
areas (i.e. TCK, TPK, PCK and TPACK). Their study affirmed the fruitfulness of the TPACK framework. Angeli
and Valanides (2005) reported three cycles of intervention employing different pedagogical approaches (case-based
learning and an instructional design model based on ICT-related PCK); to enhance teachers TPACK. The pre-service
teachers were assessed based on their ability to identify a) topics to be taught with ICT; b) representation to
transform content; c) teaching strategies and d) to infuse ICT activities in classroom teaching. The results showed
that the ICT-related PCK model was superior.

Except for Lundeberg et al. (2003) who employed action research to help pre-service science teachers to learn about
the use of simulation; and Doering et al. (2009) who trained 20 teachers through workshop on how to use the
GeoThentic environment, all intervention studies required the teachers to plan or design lessons for ICT integration
as an important part of the course. This approach has been generally referred to as learning by design (see Koehler &
Mishra, 2005b; 2009). Lundeberg’s study was conducted before the learning by design approach was publicized. The
GeoThentic environment, on the other hand, is a well-designed 3D environment that could be used directly without
much additional design effort from the teachers. Regardless of the approach for the intervention studies, 28 out of
these 32 studies reported positive outcomes and while 4 reported mixed outcomes. Among the studies that reported
positive outcomes, some also reported achieving good effect sizes (Chai et al., 2010; Chai et al., 2011a; Kramarski &
Michalsky, 2010; Tee & Lee, 2011). Together, these studies which involve different research approaches provide
firm foundation for the effectiveness of engaging teachers in learning by design, undergirded by the TPACK
framework.

More recent intervention studies have identified additional factors and issues associated with facilitating teachers’
development of TPACK. Kramarski and Michalsky (2009, 2010) highlighted the metacognitive demands of design
work, specifically in terms of self-regulation. They therefore created question prompts supporting the various aspects
of self-regulation. The studies conducted indicate that it is important to provide metacognitive support to pre-service
teachers when they are tasked to design ICT lessons. Tee and Lee (2011), on the other hand, employed the SECI
(Socialization, Externalization, Combination, Internalization) model to structure a master course to develop teachers’
TPACK. The SECI model is based on the knowledge spiral framework (Nonaka & Takeuchi, 1995), which is a
model of knowledge creation. In other words, Tee and Lee (2011) see TPACK development as a form of knowledge
creation within the teachers’ professional community. The SECI model points to the importance of community and
the social dimensions of knowledge creation. Similar recognition and utilization of community’s resources is also an
implicit feature of a number of intervention studies (e.g. Chai et al., 2011a; Mishra & Koehler, 2006; Koehler et al.,
2007). It seems that research in TPACK can be further expanded from the perspective of knowledge creation.
Paavola, Lipponen, and Hakkarainen (2004) highlighted three models of knowledge creation, of which CHAT (see
Schul, 2010a, b) and knowledge spiral have been employed in relation to TPACK research. Perhaps the knowledge
building model could also be applied to enhance teachers’ TPACK by helping teachers to build theories about ICT
integration.

The four intervention studies which reported mixed results (Groth et al., 2009; Nicholas & Ng, 2010; Niess, 2005; So
& Kim, 2009) point to other factors that need to be considered to facilitate deeper and wider integration of ICT in
classrooms. For example, two out of five teachers from Niess (2005) study expressed doubts in the usefulness of
technology in facilitating students’ learning even though the yearlong program provided multiple opportunities and
formal lessons on the use of ICT. So and Kim (2009) detected gaps between knowledge, beliefs and action related to
ICT among Singaporean pre-service teachers. While the pre-service teachers demonstrate good understanding of
problem-based pedagogy and have adequate ICT skills, they perceived difficulties in designing authentic and
engaging problems and appropriate scaffolds for their subject matter. They also tend to think that using problem-
based learning with ICT are too time consuming. With such perception, the teachers may not be willing to design and
implement ICT-based problem-based pedagogy. Their study again reinforces our earlier suggestion about the
importance of teachers’ beliefs, competencies and context. In sum, enhancing teachers’ TPACK is a necessary but
insufficient condition for widespread pedagogical use of ICT. The intrapersonal factors such as teachers’ beliefs and
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their creative capacity in designing appropriate problems or scenarios need to be addressed. Institutional problems
that surface in these studies include insufficient curriculum time, time for planning and examination constraints
(Groth et al., 2009; Haris & Hofer, 2011; Nicholas & Ng, 2010). While the TPACK framework seems to provide
some solutions, perhaps additional effort should be devoted in helping the teachers to deal with contextual
constraints and addressing their beliefs.

Beside both intra-and-extra personal contextual that may need attention, the epistemic nature of learning by design
also require further consideration. Engaging teachers in learning by design helps to move teachers away from
traditional epistemology which is primarily concern with true/false values of knowledge claims. Learning by design
promotes designerly ways of thinking (Cross, 2007), solving wicked problems through the criteria of satisficing. We
argue that it is very important for teachers to be experienced in this form of thinking. Designing a new way of
learning with technology is essentially a form of contextualized knowledge creation. It may open up teachers’
perspective on what teaching and learning should be and what knowledge creation is about; beyond the view that
creating knowledge refers exclusively to establishing truth claims. Equip with both traditional and design
epistemology, teachers would be able to better engage students to learn with technology. How teachers’ experience
of “learning by design” changes their epistemological and/or pedagogical beliefs and practices in classroom could be
the focus of future research. In addition, while current studies indicate engaging teachers in learning by design is
fruitful, it may not be sufficient in providing evidence about the level of design expertise that teachers’ acquire. What
level of design expertise should teachers attain if they are to be able to continuously renew teaching practices as new
pedagogical affordances emerge with new technologies? The intervention studies reviewed in this paper typically
involve a single course in engaging teachers to learn by design. Such single pass approach may be insufficient.
Weaving multiple courses to reinforce and strengthen teachers’ design competencies is likely to be more fruitful.

Document analysis

There is only one document analysis that employed the TPACK framework. Polly et al. (2010) analyze 26
“Preparing Tomorrow teachers to teach with technology (PT3)” reports together with 10 journal articles published
based on PT3. Their general conclusion support the foregoing section in that they also found that most intervention
produced positive outcomes, especially for TK and pre-service teachers’ willingness to use ICT. As illustrated by
their work, the TPACK framework can be a common conceptual framework for many more review studies. For
example, one can employ the TPACK framework to study how medical educators employ ICT for teaching and
learning of pathology. In addition, we suggest that TPACK could also be used to analyze policy documents to
examine whether there is a shift towards the use of overlapping constructs such as TPK, TCK and TPACK to
formulate policies or standards, which could reflect a deeper understanding among policy makers.

Survey studies

To date, there are 4 survey studies that claim to employ the TPACK framework. Jamieson-Proctor et al. (2010)
surveyed 345 Australian pre-service teachers with 2 scales (Learning with ICT, 20 items; Technological Knowledge
25 items). The findings indicate that while access to computers and Internet were very high, about 33% of the
teachers indicate that they are not confident in using ICT in classroom. The survey also indicates low competence in
web page development and multimedia authoring among pre-service teachers. Banas (2010) coded 225 reflective
essays written by in-service teachers on their attitude towards technology. Only 13% of the teachers were facilitating
students learning with technology. The majority of teachers were getting students to learn from technology. The
necessity of enhancing teachers” TPACK knowledge for more adventurous learning seems obvious. Ozgun-Koca
(2009) obtained open-ended survey responses and conducted group interview with 27 Turkish pre-service teachers
with regards to the role of graphing calculator. While about 88% of the teachers indicated that using the graphing
calculator save time, most teachers did not elaborate much on doing more interpretive work or building deeper
conceptual understanding with the saved time. In addition, only one third of the pre-service teachers indicated using
the graphing calculator as discovery tool. Greenhow et al. (2008) compare the differences between in-service and
pre-service teachers’ thinking about ICT integration problem elicited through online multimedia problem solving
scenarios. As expected, in-service and pre-service teachers are different with regards to the process and the content
of their instructional decision. The pre-service teachers are more superficial and uncritical as compared to their
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counterparts. However, both groups lack consideration about the relative advantage/disadvantages between different
options of ICT tools.

In sum, these studies point to the need of helping pre- and in-service teachers to build deeper understanding about
TPACK, especially for constructivist-oriented student centered learning where technologies are employed to scaffold
sense making. We would argue that more surveys that compare pre- and in-service teachers TPACK could be helpful
in identifying the gaps in their TPACK and teacher educators can then plan how to support the continuous
development of TPACK. In addition, survey studies of other educators beyond K-12 in higher education setting
should be carried out to understand their notion of TPACK. This is especially so for the faculties in higher education
as they are likely to be the most important people to help form the pre-service teachers’ TPACK.

Instrument validation

Five studies have been written on the creation and validation of self-report surveys. The first reported 7-factors
survey was created by Schmidt et al. (2009), assessing primary school teachers” TPACK in different subject areas.
Schmidt et al. analyzed the 7 factors individually, perhaps because of the small sample size (N = 124). Sahin (2011)
also created a 7 factors survey and analyzed the factors individually (N = 348). Both surveys reported good reliability
coefficients. However, they cannot be considered as fully validated.

Lee and Tsai (2010) and Archambault and Barnett (2010) have both created surveys to measure teachers TPACK
related constructs with reference to web-based environment. Archambault and Barnett created a 7 factors 24 items
survey and obtained responses from 596 K-12 American teachers involved in online teaching. Factor analyses
yielded a 3 factors instead of 7. The non-technology constructs (CK, PK and PCK) loaded as one factor, while 3
technology-related constructs (TPK, TCK, and TPCK) formed the other factor. Items from TK form the last factor.

Lee and Tsai (2010) created a 6 factors 30-items survey to study Taiwanese teachers’ self-efficacy of web-based
TPACK (N = 558). The 6 factors are web-general, web-communicative, web-pedagogical knowledge, web-content
knowledge, web-pedagogical-content knowledge, and attitudes towards web-based instruction. They obtained five
factors after factor analysis, with web-pedagogical-content knowledge and web-pedagogical knowledge and
combined into one factor.

Similarly, Koh et al.’s (2010) attempt to factor analyzed the adapted Schmidt et al.’s (2009) survey among
Singaporean preservice teachers (N = 1185) also faced problems. Exploratory factor analysis generated five factors
labeled as TK, CK, Knowledge of teaching with technology (KTT), Knowledge of Pedagogy (KP), and knowledge
from critical reflection (KCR). KTT comprises items from TCK, TPK and TPACK. KP comprises of items from PK
and PCK. The three studies to date indicate that items belonging to technology-related factors tended to group
together while non-technology related pedagogical items formed another group. They also indicate that teachers are
not quite able to distinguish the 7 factors of TPACK.

It is obvious further work in designing valid instrument is necessary. This work would allow educators to understand
and compare teachers’ TPACK employing demographic variables such as teaching experience, content areas, gender
etc. To this end, Chai, Koh and Tsai (2011b) have been able to design a survey and identify all seven factors through
exploratory and confirmatory factor analyses for Singaporean pre-service teachers. The questionnaire they created
were contextualized towards constructivist pedagogy (PK), and constructivist used of ICT. Further adaption of this
survey or the creation of new surveys that are contextualized towards specific subject matter, pedagogy and
technology is an important area for future research in TPACK. For example, survey can be created for problem-
based learning (PK) supported by simulation (TK) for Earth Science (CK). Such specific instrument can allow the
researchers to have more confidence in measuring the contextualized TPACK constructs and it may be easier to
identify the 7 factors. They also provide more specific information for course design and evaluation.

Findings from content analysis

This study also analyzed the articles based on the three foundational dimensions of TPACK framework: The content,
technology and pedagogy. As some papers do not make clear reference to technology, pedagogy and subject matter,
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which make it impossible to see how TPACK or ICT integration is formed, papers that do not address any one of the
three TPACK aspects are excluded in this part of analysis. In addition, the subject matter for pre/in-service teachers
who are in courses that prepare them to use ICT are lumped under instructional technologies. Instructional
technologies or educational technology is an established discipline and therefore should be treated as one. Based on
these criteria, 54 studies were analyzed and the outcomes are provided below. Table 3 provides a summary of the

content analysis.

Table 3. Content analyses of content, pedagogy and technology

Reference Pedagogical Subject domain Technology
Approach (number of studies)

Nicholas & Ng, 2010 Constructivist | Engineering (2) Picaxe microchips programming

Wu, Chen, Wang, & Su (2008) Game-based software engineering
education system

Doering & Veletsianos, 2008 Geography (2) Geospatial software

Doering, Veletsianos, Scharber, Geothentic online system

& Miller, 2009

Niess, 2005 Instructional Multiple ICT tools

Kramarski & Michalsky, 2010 Technology (17) Hypermedia

Kramarski & Michalsky, 2009 Web-based learning environment

Koh & Divaharan, 2011; IWB (IWB)

Kereluik, Mishra & Koehler, Multiple ICT tools (e.g. Moodle,

2011; Mishra & Koehler, 2006; Office package, Wikipedia,

Chai et al., 2010, 2011a; So & Dreamweaver etc)

Kim, 2009; Tee & Lee, 2011;

Angeli & Valanides, 2005, 2009;

Koehler et al., 2007; de Oliveria,

2010

Archambault, Wetzel, Foulger, & web 2.0; social networking tools

Williams, 2010

Koehler & Mishra, 2005a, 2005b Web-based learning environment,
I-video

Lambert & Sanchez, 2007 Interdisciplinary (3): | Multiple ICT tools, e-mail and video

Hofer & Swan, 2008

Robin, 2008

Hardy, 2010a; 2010b

Lee & Hollebrands, 2008

Richardson, 2009

Groth, Spickler, Bergner &
Bardzell

Holmes, 2009

Bowers & Stephens, 2011;
Shafer, 2008

Language art and
social studies

conferencing

Interdisciplinary:
History and language
art

Digital documentary making (i.e.
digital movie maker [-movie/
photostory)

Interdisciplinary:
History, language,
21st century skills

Digital story telling

Mathematics (12)

Tablet PC, Blackboard, PowerPoint
presentation, Geo sketchpad,
graphing, spreadsheet

Video case of using students using
ICT tools for learning Mathematics

Virtual manipulative, graphing
calculator, simulation software,
GeoGebra.

graphing calculator

IWB

Geometer Sketchpad (GSP)
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Kersiant, 2007 Graphing calculator; applets

Guerrero, 2010 GSP, Cabri Geometry etc

Ozmantar, Akkog, Bingdlbali, Graphic calculus

Demir, & Ergene, 2010

Akkog, 2011 Cabri Geometry and Geogebra

Jang & Chen, 2010 Science (8) Multimedia authoring, presentation,
social networking, collaboration,
mapping, blog

Jimoyiannis, 2010 Simulation, modelling tools,
spreadsheet, Web resources, Web 2,
LMS, Webquest

Graham et al., 2009 Digital microscope, Google earth,
GPS

Lundeberg, Bergland, Klyczek, & Simulation (Case It!), Web-based

Hoffman (2003) posters, conferencing tools

Khan, 2011; Toth, 2009 Simulation, virtual laboratory

Jang, 2010 IWB

Allan et al., 2010 EcoScienceWorks, Simulation and
programmable simulation

Haris & Hofer, 2011 Social studies (9) Multiple ICT tools

Schul, 2010a; 2010b Social studies: history | Digital documentary making
(photostory 3/ Imovie), online
archives

Manfra & Hammond, 2008 Digital documentary making:
PrimaryAccess

Brush & Saye, 2009 Multiple ICT tools, video case;
Google earth overlay; blog, e-
portfolio

Hammond & Manfra, 2009a PrimaryAccess and/or PowerPoint
presentation

Bull et al., 2008 Web 2.0 tool: PrimaryAccess, digitize
historical artifacts, online movie with
PrimaryAccess

Hammond & Manfra, 2009a; Mixed Social studies Multiple ICT tools

Harris et al., 2009 (Constructivist

Harris et al., 2010 and traditional) | Multiple subjects (1)

The pedagogy employed or advocated

The first common theme that emerges from the analysis is that out of the 54 papers, 51 can be described as
advocating or practicing generally constructivist-oriented pedagogy. Project-based or inquiry-based learning were
common among qualitative case studies that investigate students’ perception reported earlier. Earlier section has also
reported that most intervention studies adopted the learning by design approach, which is also essentially
constructivist in nature. The three papers that presented both constructivist and traditional strategies are theoretical
papers or worked examples (Hammond & Manfra, 2009b; Harris et al., 2009; Harris et al., 2010). Given the common
pedagogical approach, the TPK involved would also be constructivist oriented. The common TPK is characterized by
emphasis on bringing in authentic problems through technological representation (simulated environment, raw data,
video-cases, etc.); engaging students in active sense making with the aid of technology as cognitive tools in
collaborative groups. The emphasis of constructivist-oriented learning with technology is not surprising as
constructivism forms a strong theoretical foundation for the use of technology (see for example Jonassen et al., 1999).
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The content knowledge

Table 3 depicts the distribution of subject matter that the 54 papers were focused on. Not surprisingly, the biggest
share of the studies is devoted to instructional technology (31%). TPACK was originated by teacher educators and
instructional technology is the main course to help teachers in the use of ICT for classroom teaching. Science,
mathematics and engineering, which can be considered as hard disciplines, together account for 41% of the
distribution. Soft disciplines such as geography and social studies (6 of which are about history) combined with
interdisciplinary studies occupied about 28% of the distribution. The distribution seems to reinforce the opinion that
the use of technology is more akin to the mathematics and science subjects. Surprisingly, no study is targeted
exclusively towards language learning and also literature. Interdisciplinary project-based learning that crosses the
hard/soft discipline also seems rare. In addition, the TPACK framework has also not been employed in many more
specialized subject matters such as economy, visual arts, music, accounting etc. More studies in these content areas
are desirable.

The technology involved in TPACK research

The technologies reported in TPACK research can be generally classified into two categories: subject general
technology corresponding to the TK dimension; and subject-specific technology corresponding more toward TCK.
There are 34 studies that employed subject general technologies which can be used for many content areas such as
web-based environments, learning management system, office tools, hypermedia authoring and interactive
whiteboard (IWB). The 17 studies classified under instructional technology typically involved more than one form of
these general technologies except for Koh and Divaharan (2011) that focused on IWB. One study that involved
multiple subject matters (Harris et al., 2010) and three interdisciplinary studies (Hofer & Swan, 2008; Lambert &
Sanchez, 2007; Robin, 2008) also employ general technologies. Social studies (9) constitute the next content area
that employs general technologies. Five studies in this group focus on digital documentary making involving tools
like photo-story, i-movie etc. especially for the study of history. Other subject-based TPACK studies that employ
general technology include mathematics (2); and science (2). While technologies created for general purpose could
be adapted for teaching and learning, these forms of technologies are demanding on teachers’ design capacity to
repurpose the tools.

For subject-specific technologies (i.e., TCK), a total of 20 studies were reported covering four areas. There are 10
studies that employ TCK in mathematics (Akkog, 2011; Bowers & Stephens, 2011; Groth et al, 2009; Guerrero, 2010;
Hardy, 2010a, 2010b; Kersaint, 2007; Ozmantar et al., 2010; Richardson, 2009; Shafer, 2008). The mathematics-
based technologies include Geometer Sketch Pad, graphing calculators, Cabri Geometry, GeoGebra and applets for
simulation. For science subjects, there are 6 studies that employed simulations (Allan et al., 2010; Jimoyiannis, 2010;
Khan, 2011; Lundeberg et al., 2003, Toth, 2009) and specialized technology such as digital microscope (Graham et
al., 2009). Four other uses of TCK were reported for engineering course (Nicholas & Ng, 2010; Wu et al., 2008) and
Geography (Doering & Veletsianos, 2008; Doering et al., 2009). Bowers and Stephens (2011) have rightly pointed
out that TCK was less researched for TPACK framework. The analyses also show that TCK is more employed for
hard disciplines. Given that technology are very important for the advanced study of almost all subjects, teachers in
K-12 settings should be using more specialized form of technology in the near future. It may also be that when TCK
is involved in teaching, the research is published in specialized journals and the researchers may be subject matter
experts who are not familiar with the TPACK framework. Reviewing the use of TCK in specialized field of study
from the TPACK framework could be an important step forward for the inclusion of these technologies into K-12
education.

The possible pathways to foster TPACK

Within this study, we attempted to analyze the sequence in which educators draw upon the aspects of TPACK to
foster teachers or students’ ability to teach or learn with ICT. Twenty nine out of the 55 data driven papers provide
sufficiently clear information for us to map out the sequences that the authors employed. Among the 29 papers, 17
described engaging the teachers or learners starting from the overlapping aspects of TPACK such as PCK (7 papers),
TPACK (5), TCK (4) and TPK (1 paper). The other paper started describing the intervention with CK (5), PK (4) and
TK (3). After the starting point, diverse approaches are taken. For example, Harris et al. (2010) advocate that

44



teachers begin with identifying activity types suitable for the learning of specific topics, which can be classified as
PCK, and look for relevant technology to support the activity types. Jang (2010) describes beginning his intervention
by discussing TPACK theories first, followed by identifying topics that traditional teaching were not effective (i.e.,
PCK) and understanding how IWB could help (TPK). Many PT3 projects (Polly et al., 2010) started with enhancing
technological knowledge or providing technical skills training, follow up with discussion on how the technologies
can be used in teaching and learning (TPK), transforming content into some digital forms of representation (TCK)
and finally designing some projects for specific subject matter (TPACK). Two studies from Singapore (Chai et al.,
2010; Chai et al., 2011a) started building pre-service teachers TPACK from pedagogical knowledge about the
meaningful learning framework (see Jonassen et al., 2008); followed by how technology (TK/TCK) could enhance
meaningful learning (TPK). The teachers then applied the knowledge to design a TPACK lesson for a specific topic
(CK). Lastly, the two studies from Angeli and Valanides (2005; 2009) began by identifying topics (CK) for
technology integration and proceed into the technology mapping processes where all constituents of the TPACK
knowledge based are considered in a situated manner to transform the curriculum into TPACK units.

In short, there are diverse ways to employ the various aspects of TPACK to design ICT integrated lessons. Our
analysis indicates that the sequence of drawing upon the TPACK aspects to finally build TPACK lessons are
dependent on contextual factors such as the availability of technological solutions, the learners familiarity with the
software and the instructors’ pedagogical reasoning. As most studies yield positive results, it seems that sequence
does not matter. However, interested researchers could perhaps conduct research to compare if different sequence of
instruction drawing on different aspects of TPACK would result in different learning trajectories.

In addition, it seems to make sense to begin from one of the overlapping constructs such as PCK, which is the most
common starting point, and proceed to other constructs. For example, Akko¢ (2011) and Wu et al. (2008) both
started by understanding students’ difficulties in learning the subject matter (PCK) and seek technological
representations (TCK) that could help to address students’ problem. Doering and Veletsianos (2008) identified
geospatial technology (TCK) and adopt appropriate constructivist-oriented pedagogy (PK) to enhance students’
learning. Many simulation packages have the advantage of representing TCK and this make ICT integration less
problematic. We would argue that the design of educational technologies that encompass all aspects of TPACK, i.e.,
TPACK ready, is essential in encouraging teachers to use ICT. While on the one hand it is essential to enhance
teachers’ competency to design TPACK lessons, it is unreasonable to expect teachers to spend much time on
designing ICT integrated lesson.

Concluding remarks

The TPACK framework is a generative framework with many more possible future applications. In this paper, we
have reviewed a sizable and representative set of studies and pointed out many possible directions for future research.
Based on our review, we would propose a revised representation of the TPACK framework to guide future research
as depicted in Figure 3 below.

Figure 3. The revised TPACK with TLCK framework
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The first revision we have made to the original conception is to make explicit the contextual factors that would
influence the TPACK integrated lessons designed by educators. TPACK are highly situated form of designed
knowledge and many researchers employing the TPACK framework are acutely aware of the importance of context
in shaping the manifestation of TPACK in classrooms (e.g., Doering et al., 2009; Pierson & Borthwick, 2010). The
contextual factors are elaborated below.

Based on the literature reviewed, we identified four interdependent contextual factors that are to a certain extent
distinctive. The intrapersonal dimension of context refers to the epistemological and pedagogical beliefs that teachers
hold. These beliefs have been identified as influencing teachers’ instructional decision (e.g., Tsai, 2007). In the
context of creating TPACK lessons, teachers have to assume the epistemic agency and appropriate “design literacy”,
which characterized by flexibility and creativity (Kereluik et al., 2011). Most of the time, however, teachers are more
acquainted with being the authority in the classrooms who deals with verified knowledge. The epistemic roles
involved are at odd with each other. For the interpersonal dimension, Koehler et al. (2007) study indicates its
importance especially in terms of collaborative design. Given that design work is best carried out in group, the
interpersonal dimension should be carefully considered. Cultural/Institutional factors such as the prevalent view of
seeing schools as places for cultural reproduction and the emphasis on paper-and-pencil tests and examinations can
be daunting barriers that exert strong influence on if and how teachers use technology (Almas & Krumsvik, 2008;
Groth et al., 2009). Lastly, the physical/technological provision in schools obviously influences teachers’ decisions.
Polly et al. (2010) highlighted that insufficient provision may cause beginning teachers to regress towards not using
technology. If the provision for the use of technology is not ubiquitous and teachers have to make special
arrangement to use technology such as bring students to computer laboratories, the additional effort is likely to deter
teachers’ willingness when there exist simpler solution.

From students’ perspective, how students’ conceptions of learning are related to the way they use technology to learn
specific CK could provide a check on the effects of teachers’ TPACK implementation. Conceptions of learning refer
to how students perceive or interpret their learning experiences toward specific CK (e.g., science, mathematics) or in
certain contexts such as technology-enhanced learning environments (Marton, Dall’ Alba, & Beaty 1993; Tsai et al.,
2011). These conceptions are found to guide students’ approaches to learning and are associated with learning
outcomes (Bliuc et al., 2010, 2011; Yang & Tsai, 2010). We believe the TPACK research can be further enhanced by
investigating more refined constructs, such as the extension of the ideas about conceptions of learning. We suggest to
investigate how students’ notion of learning of particular content (LCK corresponding to PCK), learning with
technology (TLK corresponding to TPK), and technological content knowledge could help to inform teachers about
what can or should be done in the classrooms. For example, students may have good understandings or
conceptualizations about how some game-based learning could enhance and impede their learning (TLK). Teachers
can draw on such notion and facilitate students learning with technology. In addition, if students’ LCK formed
through prolonged exposure to certain pedagogical practices, for example learning for tests, they may resist new
pedagogy such as that involving knowledge co-construction (see for example Hammond & Manfra, 2009a). Similar
to framework of TPACK, the ideas of TLCK (Technological Learning Content Knowledge) are proposed in this
review. For successful implementation of ICT in teaching practice, in addition to teachers’ thorough understandings
toward TPACK, it also requires students’ awareness of TLCK-related constructs (such as more sophisticated
conceptions of learning, TLK, LCK and TLCK), as illustrated in Figure 3. Understanding students’ perceptions in
these areas would help teachers and designers to design better lessons and programs. More importantly, students’
academic achievement given the TPACK integrated lessons has not been reported by any of the study we reviewed.
This is a clear gap that needs attention. In addition, survey studies about students’ perception of learning with
technology could also provide important information to help ministry and schools in planning education programs.

Finally, we would like to point out the possibility of cross fertilizing some older framework for the study of ICT
integration with the TPACK framework. Established framework such as the technology acceptance model, concern-
based adoption model and the three models of knowledge creation(i.e. SECI, expansive learning and knowledge-
building) as reviewed by Paavola et al., (2004) could be brought to bear on TPACK. For instance, researchers can
possibly envision the acceptance of certain emerging technology by analyzing its TPACK properties and the possible
stages of concern that would follow when the technology is implemented. The SECI, expansive learning and
knowledge-building approach can also be synthesized to inform teachers on how new TPACK integrated lessons can
be designed. More studies that meaningfully merges complimentary framework could be a promising way forward.
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ABSTRACT
This paper is a snapshot of an evolving vision of what the future may hold for learning technology. It offers
three personal visions of the future and raises many questions that need to be explored if learning technology is
to realise its full potential.
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Introduction

Some twenty one years ago I quoted an old Chinese proverb that “Prophesy is dangerous—especially when it
concerns the future” and noted that it was “not so very long ago that those who claimed to be able to see into the
future were given a show trial and then burned at the stake” (Rushby, 1990). These days it is only the expert’s
reputation that is burned.

I am even more hesitant to make prophesies when I read Philip Tetlock’s award winning research on expert political
judgement (Tetlock, 2005) which concluded that the “experts” were only slightly better than straight chance in their
predictions about the future. For those of you who do not know this work, Tetlock asked 284 experts to make 28,000
predictions. The experts were drawn from many different fields. They ranged from university professors to
journalists and had widely different beliefs from Marxists to free-marketeers. The predictions were followed up over
a twenty year period and were—on average—dismally inaccurate. Interestingly, the most inaccurate were those
experts who were certain in their predictions: those who spoke in terms of probabilities did rather better.

The lesson we should take from this, is that the rest of this paper and the companion papers from other editors,
should be treated with great caution. You may do better by rolling dice!

I should also add that the thoughts which are set out in this paper are a work in process. I set out to write what, in an
abbreviated form, is the first part of the paper. In conversations with myself and with colleagues, I began to realise
that the traditional vision (now Vision 1) was flawed. As you read on, I hope you will understand why.

First however, let me deal with the question of why a journal such as the British Journal of Educational Technology
(BJET) needs to be interested in what the future may hold for learning technology. It is more than idle curiosity!
Journals have a complex relationship with the future: They are trying to predict the future so that, from the papers
that are submitted for publication, they can select those that are likely to be of interest to readers in the future, and
conversely, by their choice of papers they shape what people read and thus influence the future direction of research
in their field.

The past forty years

It happens that 2011 marks my 40" Anniversary in the learning technology business. My postgraduate research in
1971 was on the use of artificial intelligence techniques in computer assisted instruction. Contrary to current popular
belief, the use of computers for learning was already well established and we had no doubt that CAI was going to
revolutionise education and training.

Over the following years, artificial intelligence grew and diminished in importance. It continues to support some
learning systems, but the promise of intelligent tutoring systems has never quite been realised on any significant
scale.
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Around 1977 the first personal computers appeared and it was clear that these were going to revolutionise education.
The UK Government set a target of equipping every school with at least one microcomputer so that every child could
access to the latest technology.

This in what now seems very quick succession, came interactive videodiscs, CDi, compact disks, artificial
intelligence (again!), the WorldWideWeb and mobile communications and ever more capable hand-held devices (I
have omitted a number of other technologies in the interests of time and space). Each attracted its own enthusiasts,
research projects in the classroom and initial trials, and some limited use—and then (with the exception of the
WorldWideWeb) was superseded by a new technology with new enthusiasts. Thus we had a succession of sparkling
innovations, but only a marginal impact on education and training.

In 2007 a colleague and I carried out a review of learning technology projects carried out in the UK during the period
1980-2000, and mapped their findings onto the research agenda of the British Educational Comunications and
Technology Agency (Becta). We found that almost all of the research questions that were being asked at that time
had been answered, at least in part, by research carried out years before, but that those findings had never been
examined by the current generation of researchers (Rushby & Seabrook, 2008). In large part this was because the
reports pre-dated the internet. Contemporary practice is to use the internet as the primary source of research data and
so the early projects were invisible. It is as if they had never happened. The consequence was that large amounts of
funding were being used to rediscover what was already known.

In part, as educational technologists we have ourselves to blame. We focus too much on the technology and not
enough on the learning. The problem is that we work in a field that is now dominated by information and
communication technologies ICT) that are very charismatic. The product lifecycle of the latest handheld devices for
example, is very short and the functionality is ever increasing. We tend to start by looking at the functionality and
wondering what we can do with it, rather than focussing on the problems of learning. So, as new technologies
emerge, a new generation of researchers starts to explore what they can do, projects emerge and then, after a short
while, interest fades as an even newer technology emerges.

Key issues 2011

Each year, The British Journal of Educational Technology carries out a survey of the key issues in educational
technology as perceived by a sample of learning technologists. This takes the form of a simple questionnaire asking
respondents to select their five top issues from a list of about 40 alternatives. Some of these are technologies, others
are techniques. The survey goes to the members of the BJET board and the reviewer panel, to those who have
submitted papers to the Journal, and to several educational technology online fora, such as ITForum. The simplified
results are shown in figure 1 overleaf.

40.0%
35.0%
30.0%

25.0%

: || umlJHHHHI]ﬂJnuunm..h

g b o "‘\o"\aﬁ"\,‘-‘o \b" & g n@e"&““
S F ST T °t‘°d"s°“»a a“gs_g,é Sty «‘“@‘“&f& -9%.,;“0 & &
B ,g.o&i‘\‘\‘ dSQoé & \“\" Ga@t.-“'\é‘..;\ ?C\O\wﬂ‘oa \Vec

& G}& Wl e Gab" o&@ & é.z & o & & f" @” é m “e I ﬁaﬁﬁ o &@#t 10 & S
.oo‘e o (‘6&6 W oF ,,?69 OF ¢ & ‘;\b Qe. A & = eés &-ﬁm 8¢ ¥ ‘o& é‘?o v
o o & ™ o o ) L+
It & W ¥ & Ls; °°° IS .
- o & d"& ‘ff‘ ¥ .@."6‘
0\5\ t?)"’ & 5‘“‘1
& w
#

Figure 1. Key issues in educational technology — 2011 (n = 1139)
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The top ten in the 2011 survey were (in descending order):
e Mobile learning

Creative learning

Social Networking.
Assessment

Learning environments
Learning design

Web 2.0

Creative learning
Self-organising learning and
Quality

For comparison, the top six in 2010 (again in descending order) were (Rushby, 2010):
e Collaborative learning

Web 2.0

Learning design

Mobile learning

Social networking

Assessment

Learning environments

Computer mediated communication
Virtual worlds and

Self-organising learning

We should take note that these are the topics which have been identified by this sample as the most important: They
are not necessarily the topics that these same people are researching—or writing about!

So much effort - so little success

Do these key issues point the way to the future? Those who cannot remember the past are condemned to repeat it
(Santayana, 1905). Given that I think we in learning the learning technology community are very bad at learning the
lessons of history, one view of the future is that we shall be repeating the mistakes we have made in the past. History
will repeat itself with new technologies. Even worse than an inability to learn the lessons, is the fact that we often do
not even know the lessons. We have a strong tendency to ignore everything that has gone before in our excitement to
get on with what we have now.

We now need to think very carefully about why it is that some much effort by so many enthusiastic people has led to
such little real change. From within the educational technology community, reading the optimistic literature and
talking to our friends at conferences, we seem to be on the brink of a breakthrough. The problems that prevent wide-
spread adoption of ICT in education we have identified through our work will surely be overcome by the latest
technology and we will move forward into a golden age in which education and training are transformed. The world
will be a better place.

I suggest that we are deluding ourselves. It is easy to do so when we are gathered together in conferences such as this,
where everyone is optimistically committed to new technologies in learning. We are among those who think like we
do and this fosters our belief that everyone in education shares our view. But, with a few exceptions, technology has
made little real impact on education. Our learners make extensive use of the new technologies—but less so for their
formal education. The majority of exciting projects using handheld devices and mobile communications wither and
die when their funding comes to an end. The greater part of formal learning continues to follow the traditional
lecture-based model and is only slowly responding to the innovations of the past twenty years. Technology is neither
the problem nor the answer.

We should look at the way in which innovations are taken up by the user community. Figure 2 illustrates the life
cycle of a typical successful innovation. Initially the new idea or technology is used by a very few enthusiasts but, as
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the news spreads, more early adopters come on board and the number of users grows. Then, more people get
involved and finally the conservative late adopters take it up.

Figure 2. The innovation curve

As time passes the innovation is superseded by newer, perhaps better, ideas and its use gradually decreases. So we
get a series of innovation curves as shown in figure 3.

Figure 3. Successive innovations

However, this is an over-simplification of what happen in practice. Many innovations never make it past the
involvement of the early adopters. Something prevents the majority of potential users from adopting the technology.
In his book Crossing the Chasm, Geoffrey Moore (1991) suggests that there is a break point—the Chasm—dividing
the early adopters from the cautious majority. The decision makers in that majority group are doing well in the
existing system; they are, after all, senior figures who have prospered with the way things are, and there is little
reasons for them to change.

This is particularly true in education which is, by its nature, conservative. One of the purposes of the education
system is to guard society’s culture and pass it on to the next generation.

Figure 4. The Chasm

Before this cautious majority will adopt the innovation they look for other people like them to go first, to try it out,
and report back on their success. But, given that they are all on the same side of the Chasm, it is difficult to get a
critical mass of these decision makers who will endorse the innovation. Geoffrey Moore’s book is concerned with
the techniques that help innovators to cross the Chasm. Although it is written for the marketer and focussed mainly
on commercial innovations, there is much of relevance to education and I commend it to you.
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My first vision of the future is one that is technology led. As new technology becomes available, the researchers
explore the new affordances, the early adopters trial it with their students and report the results of technology
acceptance studies—but the overall impact on education and training is at the margins and the Chasm is not crossed.
Most of the system continues as before with slow diffusion of the more cost-effective technologies. The exceptions
may be in areas where there are pressing needs that cannot easily be met by conventional means. For example, the
use of e-learning in the finance sector to deal with compliance legislation has resulted in companies in those sectors
crossing the Chasm. In education, the political pressures to achieve higher student numbers and progression rates
into higher education, coupled with a demand to reduced per capita resources are starting to result in ICT being used
as a prosthetic to help teachers and administrators deal with an ever worsening situation. They are being forced to
jump the Chasm.

The challenge and research direction for this first vision is focused on the technology: How rapidly will these
technologies emerge and how can they be deployed in education and training. See for example, the New Media
Consortium Horizon report (Johnson, Smith, Willis, Levine, and Haywood, 2011).

We need to be better at innovation

A recent paper by Xie, Sreenivasan, Korniss et al. (2011) uses computer modelling to show that a committed
minority of around 10% is required to reverse the prevailing majority opinion. In terms of the context in which
educational technologists work, that is a far larger minority than we currently have. It would mean that in given
institution one in ten of the staff, randomly distributed through the institution, would be constantly advocating the
use of ICT to their uncommitted colleagues and would be immune to any adverse influence that might cause them to
lose their belief in the advantages of educational technology. Once that tipping point of 10% is reached, the model
indicates that there is a dramatic decrease in the time taken for the entire population to become believers and to adopt
the innovation. So we have to increase the size of the committed—evangelical—minority.

However, Selwyn argues for more pessimism in educational technology (Selwyn, 2011). He suggests that most
people working in the field are “driven by an underlying belief that digital technologies are, in some way, capable of
improving education” and that there is “a desire among most educational technologists to make education (and it
follows, the world) a better place.” I agree with his suggestion that this optimistic view of the potential of education
and technology is not supported by reality. And that this “optimism and positivity has ... served to limit the
credibility and usefulness of educational technology within the wider social sciences.” When those that we are trying
to convince can see that there is only limited adoption of these technologies, it is difficult for us to maintain
credibility. He quotes Dienstag (2006) that:

“Pessimists do not deny the existence of ‘progress’ in certain areas — they do not deny that

technologies have improved or that the powers of science have increased. Instead, they ask whether

these improvements are inseparably related to a greater set of costs that often go unperceived. Or

they ask whether these changes have really resulted in a fundamental melioration of the human

condition.”

I must confess that, in my earlier years, I have been guilty of unfounded optimism. My closest friends who have now
gained the courage to tell me how they perceived me twenty or thirty years ago, report that I was quite insufferable in
my unswerving belief that educational technology—or more specifically, ICT—would revolutionise education
within a few year. All that was required was for everyone else to share my vision. Alas, they did not!

Perhaps it takes the perspective of a few decades to realise that educational technology is not a universal panacea and
that uncritical euphoria is not the best way of converting the sceptics. Innovation is much more complicated, and
takes much longer, than is immediately apparent.

In my second vision of the future, educational technologists have learned about innovation. They have amassed the
evidence that will convince the cautious majority and have developed the social networking skills that enable them to
pass the 10% tipping point. However, the education system as a whole is not transformed. With some exceptions,
schools and universities look much as they have looked in the past although there is a growing emphasis on distance
learning enabled by technology. The exceptions do not serve to prove the rule: rather they illustrate the distance that
some institutions still have to travel. There is an emphasis on reducing the unit costs of learning so that education
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budgets can cope with a larger number of students. Because ICT has become embedded in the mainstream as a
means of doing the same things in a different way (in contrast to doing different things), there is a pronounced digital
divide between learners in technology-rich and technology-impoverished environments.

The research focus is now on education and innovation. Research evidence is reported from a critical (pessimistic;
realistic) perspective and this gives it the credibility that has been lacking in the past.

Transforming education

Personally, I find both of these visions unsatisfactory and depressing. More advanced technology and more of it. Is
that all there is? It doesn’t seem much of an ambition for the future!

In her book Learning Futures, Keri Facer (2011) supports the concern that the orthodox vision of the future is no
longer robust and sustainable. It is no longer sufficient to have schools that are “future-proof”; we must look instead
to ‘future-building’ schools. She argues that we need educational institutions that can:

o “help us to work out what intelligence and wisdom mean in an age of digital and cognitive

augmentation;

“teach us how to create, draw upon and steward collective knowledge resources;

“build intergenerational solidarity in a time of unsettled relationships between generations;

“help us to figure out how to deal with our new and dangerous knowledge;

“act as midwives to sustainable economic practices that strengthen ... local communities across the

globe;

e “nurture the capacity for democracy and debate that will allow us to ensure that social and political
justice are at the heart of the socio-technical futures we are building;

And can “act as pre-figurative spaces, as environments in which communities can model today how they might want
to live with each other in the future” (Facer, 2011, pp. 102-103).

In Keri Facer’s future the educational goal of qualifications and other traditional measures of academic success are
inadequate if we are to discharge our duty of care towards our students. The role of educational technology as we
currently envisage it, in helping learners towards those goals then becomes highly questionable.

Yet technology is both a driver and an enabler. It is the rapid advances in information and communication
technologies that are driving these changes in society and making it imperative that we rethink the future of learning.
And it is technology that will help us to realise the future-building school—in whatever form it evolves.

The reasonable man adapts himself to the world; the unreasonable one persists in trying to adapt the world to himself.
Therefore all progress depends on the unreasonable man (George Bernard Shaw).

The third vision of the future of educational technology is one in where the technology and techniques that we have
learned over the years are used to support a transformed education system (which may look like Keri Facer’s future,
or may take some other form). There is more capable technology, and there is more of it, but it is less obtrusive.
Our focus will be on the evolving institution which will increasingly be an integral part of the community it serves.
In this third vision, the grand challenge and research direction focuses on the sociology of education and of
educational technology.

The approach of the reasonable educational technologist is to apply ICT to the educational system in an attempt to
help colleagues make the best of the current, out-dated, system. What we need now are educational technologists
who will work with those who are designing the schools of the future to make them fit for purpose.
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ABSTRACT

Considerable investment has been made to bring technology to schools and these investments have indeed
resulted in many “success stories.” However there are two significant gaps in educational uses of technology
that must be addressed. The first is a usage gap. Compared to how and how much today’s students use
technology outside school, in-school technology usage is much less intensive and extensive. The second is an
outcome gap. Compared with the outcomes achieved through investment in technology in sectors outside
education, the gains in terms reduced costs and increased productivity achieved by schools is significantly
smaller. This article discusses the causes of these two gaps and provides suggestions for bridging them by
engaging in discussions about effective teaching and committing to technology planning.

Keywords

Educational uses of technology, Usage gap, Outcome gap, Effective teaching, Technology planning
Introduction

The technology investment in schools worldwide has increased more than a hundredfold in the last two decades.
Much of this investment has been made based on the assumption that technology-mediated learning environments
provide opportunities for students to search for and analyse information, solve problems, communicate and
collaborate, hence equipping them with a set of competencies to be competitive in the 21 century marketplace.
However, the history of the use of technology in schools has suggested that educators would abandon technology
that does not fit the social organization of schooling (Cuban, 2005; Lim, 2007; Zhao & Frank, 2003). In 1922,
Thomas Edison predicted that television would largely replace textbooks. In 1932, Benjamin Darrow suggested that
radio would challenge the role of teachers and textbooks (Darrow, 1932). In 1984, Seymour Papert forecasted that
computer would emerge as the key instructional tool (Papert, 1984). After a little less than a century, schools are still
largely reliant on teachers and textbooks.

It is not the intention of this paper to argue that technology has no role in the existing school system or that
technology investment in schools is a waste of money. There have been many “success stories” to show that when
used properly, technology does lead to enhanced teaching and learning outcomes. In the Second Information
Technology in Education Study (Law, Pelgrum, & Plomp, 2008) that involved 28 countries in Africa, Asia, Europe,
North America and South America, researchers have shown that technology has been changing classroom practices
and learning processes. These transformations include a shift in the role of the teacher from being the sole source of
information to a more complex role of negotiating lesson objectives with students, providing a varying degree of
support for different students, monitoring students’ progress, and encouraging reflection on classroom activities.
Students have also taken on a more active role in their own learning process by using technology to search for and
collate information, and publish and share their findings. They are now more engaged and are able to make better
connections between their previous learning experiences and the new concepts or principles being taught (see e.g.,
Kozma, 2003). A recent second-order meta-analysis has also revealed low to moderate effect size (around 0.3) of
technology on students’ achievement (Tamim, Bernard, Borokhovski, Abrami & Schmid, 2011). However, these
“success stories” are not a widespread phenomenon in schools (Selwyn, 2008). Unlike hardware, connectivity, and
software, the practices and their sociocultural contexts that have led to these positive teaching and learning outcomes
have had a difficult time being sustained and spread across classrooms and schools to lead to the promised
transformation in schools (OECD, 2010).

Although technologies have not transformed schools in a scale as some might have expected, they have led to
irreversible changes in how we work, live, communicate and play. They have led to the development of new
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industries, new laws, and new areas of research. Google, Microsoft, Apple, eBay, Amazon, World of Warcraft and
Facebook are just a few examples of the magnitude of the importance of these technologies. This paper first aims to
examine the gap between technology trends and the use of technology in schools, and then explore alternatives of
how this gap may be addressed to transform the teaching and learning processes in schools. The emphasis of the
discussion is not on the use of technology per se, but rather on how technology may serve as a foundation and
mediator for the transformation of practices in schools. Such transformation is becoming especially urgent given that
the activities our students engage in their everyday lives have become distinctly disassociated from the teaching and
learning activities in their schools. When this happens, students may find classroom activities meaningless and
become disengaged in school.

Modern technology and the way we work, live, and play

Modern technology is not only, as traditionally conceived, a new tool that we use to enhance our lives in the physical
world, but has created a whole new digital world. In this new world, we use different technologies to seek and
provide resources and information, express ourselves, communicate with others, create, consume, and play, often
assuming new and multiple identities. The scope of the digital world is comparable to that of the physical world,;
from online gaming and online dating to e-learning and e-business. At the same time, the size of the involvement in
the digital world is phenomenal and its growth dramatic. There were about 800 million Internet users around the
world in 2004. This number had increased to about 1.97 billion as of June 2010 (“Internet,” 2011), which is about
28.7% of the total world population.

Work and productivity

Studies have shown the ability of technology in improving productivity saving costs in sectors outside education. For
example, a study conducted in 2002 found that the Internet “has already yielded current, cumulative cost savings of
US$155.2 billion to U.S. organizations that have adopted Internet business solutions. In addition, these organizations
indicate that their Internet business solutions have also helped to increase revenues cumulatively to approximately
US$444 billion” (Varian, Litan, Elder, & Shutter, 2002, p. 5). The same study projected that these organizations
would realize more than US$0.5 trillion in cost savings once all Internet business solutions are fully implemented by
2010 and “the Net Impact of these cumulative cost savings is expected to account for .43 percentage points of the
future increase in the annual U.S. productivity growth rate” (Varian et al., 2002, p. 6). A more recent study of the
impact of the Internet focused on the public sector. This 2004 study found that public sector organizations adopting
the best identified practices in using the Internet could experience 45% improvement in efficiency, 40% in service
volume, 25% in financials, and 55% in citizen satisfaction (Brown, Elder & Koenig, 2004).

Although modern technology may have contributed to business performance, economic growth and customer
satisfaction, complementary innovations such as changes in work practices (increased lateral communication and
teamwork, empowerment of employees, and revision of processes and workflow) and changes in aspects of products
(convenience, quality and variety) have also contributed significantly to these improvements. Most investments in
modern technology are usually complemented by organizational investments and the product and service innovation
associated with it. When there is no or a lack of organizational changes being made in conjunction with technology
investment, there may be significant productivity losses as the benefits from the technology investment may be
outweighed by the negative interactions with existing organizational practices (Brynjolfsson & Hitt, 2000). Therefore,
the effectiveness and use of these technologies depend on the people, processes, culture and structure of the context
in which they are situated.

Live and play

Many people are spending their physical world time living a second or third life in the digital world. A recent study
on massively multiplayer online games (MMPOG) found that the current global player populations of three popular
game titles (Lineage I, Lineage 11, and World of Warcraft) totaled over 9.5 million, which is about the combined total
population of New Zealand and Singapore. These games are so compelling because they critique contemporary
culture by allowing players to bend or temporarily dismiss social rules in order to try out new ideas and identities
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(Steinkuehler, 2006). At the same time, an increasing number of people are merging their physical world life with
their virtual one through mobile technology and dynamic websites such as blogs, discussion forums, personal
websites, and social networking websites such as MySpace and Facebook.

The digital world is also beginning to penetrate the physical world, as more and more activities are consigned to and
performed by means of digital resources. We learn, work, entertain, and stay connected with family, colleagues and
friends in a world mediated by technology that has become an essential part of our daily lives. People are seeking
real world information from the digital world, as they move away from traditional media such as TV and daily
newspapers towards emerging media such as niche news channels and podcasts (Haller, 2005). In fact, traditional
media has become increasingly intertwined with emerging media with one complementing the other. For example, in
most of the Idols’ series around the world (American Idol being the pioneer), they are being screened live on TV but
supplemented by the official websites with video and audio links, the “wanna-be” websites, personal blogs of idols
and fans, and also by mobile phones from which the short message system (SMS) originated. There is no doubt that
in the future our world will be further digitized.

Modern technology and schools

In stark contrast to the great cost savings and improved business performances in other industries, schools may not
have reaped as much benefit from the use of modern technology. The practices in many schools around the world
have remained very much constant as classroom activities continue to be focused on standards, grades, and outcome
measures. Not many schools have become more efficient, that is, operating with less cost, or more effective, that is,
enhancing learning outcomes. On the contrary, modern technology may have increased the costs and pressure of
running schools in a number of ways. First, in addition to the initial investment in putting technology into schools
and wiring them to the Internet, schools have to constantly spend on maintenance and updating the hardware and
software. Thanks to the rapidly evolving nature of technology, schools have to not only upgrade software, but also
buy new hardware almost every three to five years just in order to keep the same level of access, just as the Red
Queen tells Alice in Lewis Carroll’s Through the Looking Glass: “it takes all the running you can do, to keep in the
same place”.

Second, schools are under pressure from the media, the public at large and from policymakers to ensure that
technology is used for teaching and learning, and that students’ learning outcomes are enhanced from the
considerable magnitude of investment in technology. Given that a great part of these costs is financed by taxpayers’
money, policymakers have the responsibility of ensuring significant returns of investments on technology in schools,
hence demonstrating evidence-based policymaking. Some recent studies indicate notable positive outcomes. For
example, Harrison and colleagues (2004) in England have statistically significant findings that positively associate
higher levels of technology use and school achievement at different key stages in schools. A more recent study by
the British Educational and Communications Technology agency, Personalising Learning with Technology,
supported these findings but highlighted the challenges of isolating technology among many other factors that might
affect school achievement (Becta, 2007).

There are indeed methodological constraints of demanding a high degree of validity and emphasising statistically
significant correlations between use of technology and school achievement. Tamim and colleagues’ (2011) meta-
analyses also supported that learning aided by technology can have positive effects. However, many researchers have
pointed out that the use of technology is peripheral to classroom instruction (see Arbelaiz & Gorospe, 2009; Selwyn,
2008; Greenhow, Robelia, & Hughes, 2009). This leaves one questioning the return of investment of technology (or
rather, the lack of) after billions of dollars have been spent equipping schools with infrastructure, hardware and
software, and training teachers and school leaders in the use of technology. At the same time, with increasing
globalization, policymakers are under the pressure to measure these returns based on international benchmarks of
school achievement. However, the huge differences between education systems make international comparisons and
benchmarking almost impossible.

Lastly, schools are also under pressure to deal with the undesirable uses of modern technology by students.
Technology enhances access and processes, and mediates the storage of information and communication with others
without differentiating their quality. Thus schools have been drawn into numerous legal, ethical, and ideological
battles over the uses and misuses of modern technology. More importantly, they must address the potentially harmful
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or distractive effects of technology such as hacking, computer viruses, and cyber bullying. The concern over misuses
of the Internet and the potential harm it may bring to students is so grave that many schools have taken an overly
cautious approach by limiting access to websites and completely blocking other forms of online activities, especially
synchronous communication (e.g., chat) and publishing on the Web (e.g., blogging and access to social networking
websites).

These increasing costs and pressure of running schools may take a toll on the way technology is (not) being used for
teaching and learning in schools. Like any ecosystem, a school as an organization has the tendency or ability to
maintain internal equilibrium. The introduction of new innovations, intentional or unintentional, affects this
equilibrium to varying degrees. Using the metaphor of schools as ecological systems, the next section examines why
schools have not fully taken up the opportunities of technological innovations for teaching and learning (Zhao &
Frank, 2003).

Nature of technological innovations and schools as ecological systems

Almost all technology policies and decisions are about change and often require specific changes in schools, such as
reengineering the system and revising learning standards. In addition, technology is universally viewed as a change
agent that can catalyze various changes in learning, teaching, and the learning environment. These changes have
significant impacts on the organization. For example, a new technology project often requires the installation of new
facilities, modification of existing policies or establishment of new policies and regulations, relocation of resources,
changes in the informal and formal activities, and may also affect the social relationships of different groups of
people (Nardi & O’Day, 1999). In this way, technology innovations introduced to schools are essentially invaders
from outside. Whether they can be successfully adopted and become permanently established depends on their
compatibility with the teaching and learning environment and the co-adaptation between the technology and the
school as an ecological system (Zhao & Frank, 2003).

The school system as an ecosystem consists of diverse components and various relationships that promote or hinder
the growth of young organisms within the ecosystem. In the complex sociocultural environment of the school,
various groups and processes are closely connected with each other both within and outside the school, and form a
network of changes. Similarly, these groups, processes and networks promote or hinder the learning of students
within the school. The school is dependent on the other larger ecological systems (for example, the education system
and society) within which it is embedded; a change of culture in the broader context, a switch of institutional setting,
or an introduction of an innovation is likely to change the learning outcomes of the students. The contexts at different
levels may change over time, but they are always interdependent of one another (Lim, Tay & Hedberg, 2011).

Technology as an innovation introduced into schools is not independent and isolated,; it is situated in the ecological
system of the school and connected to its broader systems. A newly introduced innovation often requires
simultaneous innovations in pedagogy, curriculum, assessment, and school organization (Dede, 1998). It also affects
the relationships within and outside the school, and the ongoing interaction catalyzes changes in social relationships.
Similarly, changes caused by the interactions between an innovation and the school system not only determine how
the innovation is adopted, but also affect the operation of the school system. Therefore, the dynamic co-adaptation
and co-evolution of students, teachers and school leaders with technology and the system determines whether the
opportunities of technology for teaching and learning can be realized in schools (Zhao & Frank, 2003).

The gap between the technology trends and use of technology in schools

The healthy co-adaptation of technology and the school system is influenced and constrained by many conditions.
These conditions may be related to school technology resources, school culture, readiness and experiences of
teachers and students regarding using technology, and the dynamics of the social interactions in the school system
(Byrom & Bingham, 2001; Zhao, Kevin, Stephen, & Byers, 2002).These conditions are interdependent of one
another, and their impact on technology implementation is beyond a simple and linear one. On the contrary, they are
entangled with each other, their influence varies from case to case, their interactions and relationships change as the
school environment evolves with the technology implementation, and the changes are situated in local contexts
(Zhao & Frank, 2003). The school context gradually evolves, changing the characteristics of teachers, students, and
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their technology uses, which further changes the challenges the school faces at different stages. Since technology use
in schools constantly changes along with all of the other elements of the ecosystem - the users, the school system,
and the relationships between these subsystems - there is no “once and for all” solution to technology
implementation in schools. A technology implementation plan that works at one time may not work at another, so a
dynamic plan that reflects changes will work better than a static plan (Tondeur, Van Keer, van Braak, & Valcke,
2008).

Even if a technology project has been successful, to continue its successful implementation, new policies need to be
made, more money needs to be spent on upgrading software and updating hardware, more appropriate help needs to
be provided to both teachers and students, and more investment needs to be put into sustaining and improving
sufficient technical support—while all these changes depend on strong leadership. So it is important to provide
ongoing technology planning and evaluation, to continuously revise and refine current practices, and provide timely
support (Tondeur, Van Keer, Van Braak, & Valcke, 2008).

However, even if all the necessary conditions are in place, it is still difficult to judge the success of technology
implementation because there is still a lack of specific goals or models to emulate. Although researchers have
repeatedly suggested that successful policy implementation requires clearly defined goals directly connected to
student learning (e.g., Fullan, 2001), no specific educational goals are defined in educational technology policy
documents except for tangible intermediary goals such as amount of hardware, student- computer ratios, and
connectivity rates. In a paper that reviews educational technology policy over the last 20 years, Culp, Honey and
Mandinach (2005) identify six major goals/recommendations that have remained highly consistent over time, but
none of them are about the educational outcomes of technology investment.

Although specific quantitative data (such as numbers, percentiles, and test scores) are commonly used in policy
documents to demonstrate the current “crisis” in education and to justify the need for technology, no quantitative
goals or outcomes are specified. Even if student outcomes are mentioned, it is done using vague and unmeasured
terms. A convenient criterion for measuring student outcomes is student academic achievement. However, it is very
difficult to establish causal relationships between technology use and student academic achievement, because student
achievement is influenced by many factors. The impact of technology use on student outcomes is not determined
merely by the particular technology uses, but rather is mediated by environmental factors, the users, and the
constantly changing interactions and mutual influences. In addition, the use of technology in schools is part of a
complex network, and changes in classroom technologies correlate to changes in other educational factors (OECD,
2010). Thus it is unrealistic to assume simple cause-effect relationships or to expect dramatic changes in student
performance through one or two specific technology projects. Consequently, schools can only guess what is expected
from their technology investment.

Most school leaders do not have a clear sense of how to evaluate effective use of technology (Russell, Bebell,
O’Dwyer & O’Connor, 2003), and teachers do not know much about their schools’ vision for the use of technology
in their classrooms (Russell & Higgins, 2003; Tondeur et al., 2008). Due to the lack of sound understanding of the
specific goals of technology integration, the use of technology per se may have become the goal in many cases.
Schools, as well as educational technology research, often turn to how much time students spend using technology
and what technology is available as indicators of successful technology integration, but do not measure whether or
not, or how, technology is being used in meaningful ways in teaching and learning (Lei & Zhao 2007).

Bridging the gap
Defining effective teaching

There is no clear indication or widely used measurement of effective teaching. Although some research studies have
attempted to use students’ academic performance outcomes as a significant indicator of the effectiveness of teaching,
these studies have been controversial and open to debate. It is controversial because it is seen as a vehicle to promote
an education system that has been creating inequalities of social and intellectual capital. It is open to debate because
effective teaching is one of the many variables that may affect students’ academic performance, and there is no
agreed-upon definition of effective teaching (Campbell, Kyriakides, Muijs, & Robinson, 2004). This is especially
pertinent in the discussion of the use of technology and how it may enhance the effectiveness of teaching.
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This may be further complicated by other terms such as school effectiveness, school improvement and teaching
quality. Campbell and colleagues (2003) review the research on teacher effectiveness and identify three problems
associated with the current concepts of teacher effectiveness. The first problem is the conceptualization of teacher
effectiveness itself. The second problem is the relationship between school effectiveness and teaching effectiveness.
There could be effective teachers in ineffective schools and ineffective teachers in effective schools, and therefore
the relationship between school and teacher effectiveness is becoming problematic. We need to consider that the
effectiveness of the school may help teachers to do a better job and thus teaching becomes more effective. For
example if the school provides a conducive learning environment and a good technology infrastructure, is there a
likelihood that teachers can try out new approaches that would engage students in the subjects they are teaching.

The third problem with the teaching effectiveness research is that while the research is analytical and lists the
characteristics of effective teaching, it fails to inform teachers how to move from ineffective to effective practice.
According to these studies, the narrowness of the operational definition is also causing problems; the definition
should not be limited to the cognitive aspect only, but should include other aspects such as affective and moral
values. Campbell and colleagues (2003) also pointed out that current teacher effectiveness studies tend to provide a
set of characteristics that measure the teacher behavior, knowledge and beliefs, without considering the context and
the levels at which they are teaching.

Shao, Anderson and Newsome (2007) reported the views of faculty members in their study regarding teaching
effectiveness indicators. The respondents were asked to rate the importance of twenty general items that are
commonly used to evaluate teaching effectiveness. They found that student evaluation scores, student written
comments and teaching awards ranked highest, and that use of technology was not ranked at the top. From the
literature review, it is noted that many instruments developed to measure the teaching effectiveness dimensions are
diverse and inconclusive. Burdsal and Harrison (2008) propose that a multidimensional profile should be used to
provide evidence for the overall evaluation of teaching effectiveness.

While the debate is still going on regarding the operational definition of teaching effectiveness, another set of
questions is asked about the relationship between the use of technology and educational quality. Johannessen (2009)
observes that we are increasingly using technology in all facets of our lives and we need to look at the question of
whether the use of technology improves students’ performance. He urges carefully selecting the indicators related to
the use of technology that reflect the integration of new applications. School systems have been putting financial
resources into technological infrastructure, and he suggests developing a knowledge base in search of evidence of the
effective use of technology. It is becoming clear that providing technology to schools or teachers will not necessarily
make a difference. But the way technology is used by teachers and students may make a difference.

ICT planning

Another cause of the mismatch between technology trends and the use of technology in schools is the lack of
technology planning. In a technology policy plan, a school describes its expectations, goals, content and actions
concerning the integration of ICT in education (Vanderline, van Braak & Tondeur, 2010). This includes elements
such as vision building, professional development, and evaluation. While schools have been procuring hi-tech
equipment with the aim of introducing the latest technologies in teaching and learning, the results are not clearly
visible either in terms of acceptance by the teachers or in students’ learning outcomes. Gulbahar (2007) notes that
technology integration is a complex process and a demanding task for teachers and school administrators. In her
study, she found that even teachers and administrators who felt themselves competent in using ICT reported that
there was a lack of guidelines that would lead them to successful integration. Tondeur and colleagues (2008) confirm
the importance of technology planning in schools. They found in the survey that ICT planned together with ICT
support and ICT training has a significant effect on classroom use of ICT. They have also pointed out that school
policies (in relation to ICT) are underdeveloped and underutilized. The results lead us to believe that a shared and
school-wide vision of ICT is needed to succeed in technology integration.

Anderson (1999) noted that technology planning is a process of developing, revising and implementing technology
plans in order to guide organizations to achieve their goals. A technology plan also describes the learning objectives,
how the technology will be used and how it will be evaluated. According to Fishman and Zhang (2003), technology
plans are the interface between research and development in learning technologies and their actual use in schools.
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They present four characteristics of successful planning for technology. The first to be considered is using the
technology plan as a policy document. A technology plan is usually devised at different levels of administration. At
the highest level, such a plan can be considered as a blueprint for all stakeholders including educational planners,
mid-level supervisors, and school level administrators. Secondly, this policy document would trickle down to
teachers at the classroom level. A technology plan then exists at multiple levels and has multiple purposes.

Thirdly, a technology plan is never static. As technology changes rapidly, the plan to use technology also needs to be
flexible and adapt to the circumstances. Fishman and Zhang (2003) note that a common error made by schools that
have developed a technology plan is the assumption that the planning document is the end of the process. The
evolving nature of technology requires constant adjustment to and revisiting of the plan. Such adjustment and
revisiting not only allow teachers to make a better alignment with new technologies, but also help to adjust the
changing learning environment and social context. The fourth characteristic is that any successful technology plan
requires commitment, support and collaboration at different levels. It is important to establish a relationship with
schools and outside organizations such as teacher training institutions and the corporate sector. Much needed help
can be gained by having close connections with these organizations.

Implications and conclusion

The speed with which the revolution of technology has taken place is phenomenal. As stated before, teachers in
many countries of the world are working with ‘digital natives’ who are growing up with technology as a non-
remarkable feature of their world, in the same way as an earlier generation took radio or television for granted.
Within these developments, technology brings a new set of challenges and pressures for educational institutions.
Many teachers, schools, educational authorities and researchers are considering a range of questions about how to
use technology within classroom practices: What educational goals and learning objectives will be accomplished by
using technology in schools? Is there a need for a specific course in digital literacy? How can technology be
integrated effectively in existing subjects? Many of these questions are still unanswered, and attempts to address
them have generated widespread debates.

Clearly, effectively integrating technology into learning systems is much more complicated than for example
providing computers and securing a connection to the Internet. Computers are only a tool; no technology can fix an
undeveloped educational philosophy or compensate for inadequate practices (Ertmer, 2005). Therefore, choices have
to be made in terms of educational objectives (Sugar, Crawley, & Fine 2004). In this respect, the process of
technology integration is a dynamic one involving interacting factors over time (Tondeur et al., 2008). Moreover, no
single solution exists to address the immense challenges of technology integration because different perspectives of
integrating technology can be chosen.

Several studies have pointed at the critical importance of national policies in promoting the potential of technology in
learning processes (e.g., Tawalbeh 2001; Tondeur, van Braak, & Valcke, 2007; Lim, 2007). However, the definition
of a national curriculum on its own does not guarantee any instructional use of technology (Goodison, 2002). An
interesting issue in the context of this discussion is the balance between the extrinsic and intrinsic forces that drive
the integrated use of ICT by teachers. Imposing policy decisions is often less responsive to teacher perspectives and
often neglects workplace constraints. A way forward is stressing the responsibilities of local schools to develop a
school-based technology plan.

In a best-case scenario, such a plan will stimulate a dialogue among school managers, teachers and parents about
technology use in the curriculum. Moreover, engaging teachers in the development of policy planning gives them the
opportunity to reflect on their particular educational use of technology. It fosters the subjective meaning-making
process of individual teachers as to how and why they will respond to technology use in class. In the context of this
dialogue, the following questions can be explored: How can technology be integrated and tested in classroom
practice? What feedback can be derived from classroom practice? What type of feedback is considered critical from
a classroom perspective? As technology continues to drive changes in society and in education, we contend that such
policies need to define their organisational vision and actions more clearly in view of planned change.

It is clear that technology integration is not yet achieved in a systemic or systematic way in most schools. Very few
schools can be labeled as “learning organizations” with a shared commitment to technology in education. In this
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respect, the literature about school improvement stresses the importance of leadership in developing a commitment
to change. Their capacity to develop and articulate, in close collaboration with other actors from the school
community, a shared vision about technology use is considered a critical building block in this process. An important
implication, therefore, is that the training of principals should become a priority in developing technology-related
professional development. The studies by Dawson and Rakes (2003) and Lawless and Pellegrino (2007) underpin the
former: the more professional development principals receive and the more engaged they are in the professional
development of their teachers, the more technology integration at school level is observed. Their findings suggest
that without well-trained, technology-capable principals, the integration of modern technology into school curricula
will remain deficient. This perspective adds to the holistic approach when exploring the gap between technology
trends and use of technology in schools because teachers are not considered as completely independent, but share
their context.
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ABSTRACT

New technologies often have the potential for disrupting existing established practices, but nowhere is this so
pertinent as in education and training today. And yet, education has been glacially slow to adopt these changes
in a large scale way, and innovations seem to be imposed mainly by students’ and their changing social
lifestyles than by policy. Will this change? Leadership is sorely needed. Education needs to become more
modular and move out of the classroom into informal settings, homes, and especially the internet. Nationwide
certifications based on these modules would permit technology to enter education more rapidly. Smaller nations
may be more flexible in making these very disruptive changes.

Keywords
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Introduction

We are at the cusp in time when the use of Virtual Reality (VR) environments and games and edutainment are
resulting in a creative output that foreshadows a new Renaissance in learning—affording entirely new options for
human creativity and global social interaction in science, business, and government. These technologies, as well as
those emerging within the new cyber-enabled landscape of social networking and advancing neural computer
technology in an emerging global technological workforce, are disrupting traditional education practice; producing
new learning processes, environments, and tools; and expanding scientific discovery beyond anything this world has
ever seen. In the context of these disruptive innovations, why are learning technologies, specifically game-based
learning and VR environments, so glacially slow to be adopted in schools, universities, or across informal science
education institutions, at a time when our world is in dire need of a highly creative, innovative, and technologically
sophisticated workforce to manage its complexities on a global scale? It is time that the political forces in this world
begin to understand this potential and own up to their responsibilities for transforming education. Education needs to
become more modular and move out of the classroom into informal settings, homes, and especially the internet.
Nationwide certifications based on these modules will permit technology to enter education more rapidly. Smaller
nations may be more flexible in making these very disruptive changes.

Many computer visionaries have foretold the coming transformation of education by computing (e.g., Seidel &
Rubin, 1977; Feurzeig & Papert, 2011), yet in retrospect, these prognostications sound alarmingly redundant year
after year. It is unclear; however, whether there is negligible, slow, or incremental change, or is it building to a
potentially massive disruptive revolution in school-based education? An early, respected pioneer, Seymour Papert,
whose MIT Logo lab spawned many innovations, was known to believe that computer technology would not have
much of an impact until education changed fundamentally. What sort of changes could facilitate the implementation
of new technology. Collins and Halverson (2009) have suggested that the problem is not better simulations, games,
and intelligent tutors; but a radical restructuring of the curriculum. We need smaller curriculum modules than entire
schools of four or five year long course sequences. These modules need nationwide certification based on formally
monitored assessments. With these smaller modules, technology could be focused on improving instruction or
radically altering its form in a completely disruptive way.

What we are witnessing, however; is not that education is looking to change, but, conversely, technology is pushing
fundamental change in education, and education is not willing to make any changes to adopt it. How education
leadership and emerging education policies address this significant and emerging reorganization of where, when, and
how children can now learn through technology will determine the extent to which education will experience a
fundamental transformation and produce the creative knowledge workers of the future.
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Disruptive technology

When mainframe computer manufacturers ignored the encroachment of personal computers they held back the
development and innovation surrounding their use; and by doing so they ensured their own demise. Instead of seeing
the enormous popular advances that PCs held, they adamantly refused to use their skill and expertise to promote and
accelerate this marvelous new technology development: this cost them their pre-eminence. We worry that similar
strategies may be delaying adoption of technology in education and thwarting, ultimately, every nation’s opportunity
to augment their intelligence.

In reality, mor than 2 Billion people are using the Internet globally as of 2010. This includes three quarters of the
American population more than a doubling increase since 2000. Online learning increased from 45,000 enrollments
in 2000 to roughly one million in 2007, and shows signs of continuing to grow at more rapid pace, a power function
expansion.

Simulations and games, especially those that invoke the hyperrealism of Virtual Reality are burgeoning in many
commercial and military enterprises but have made less impact on education then the very first rudimentary games,
such as Rocky’s Boots (Robinett & Grimm, 1982). About 30 years ago, it was both easy to incorporate computers in
education and easy to ignore the technology. Today the touch-sensitive, easy to use direct manipulation interfaces on
cell phones, with voice commands for many common tasks, were unthinkable for those early machines. With 64K
(not megabytes, not gigabytes, just kilobytes) of memory, the early computers did little more than turn pages of text;
provide simple drill and practice mathematical problems; or provide text-based quizzes. At the time, these
affordances fit well with teachers’ competences and were relatively easy to integrate into classroom activities and
remediation. These simple educational activities were not sufficiently important then to justify the purchase of
expensive machines, so often one or two machines sat frequently unused in the corner of classrooms or in special
computer rooms with locked access. Yet, commercial successes that spread widely such as word processing,
accounting, and producing business spreadsheets forced schools to recognize them. New processes demanded new
workforce skills; therefore, a market developed around teaching these targeted skills, but educators safely ignored the
main issues by relegating computers to teaching tasks like keyboarding.

In 1978, the National Science Foundation (NSF) and the Department of Education (DoED) funded a groundbreaking
effort to build computer technology for education. Out of this enterprise came some very successful research and
development, including the highly successful and dominant games: Rocky’s Boots, Carmen Sandiego, and Oregon
Trail. The use of these games became popular in mathematics, English, and history classes, and their use was
undergirded, theoretically and practically, by new insights into motivation and emotion in learning. It was obvious
that computer games were serious fun; subsequently launching the beginning of a new media industry and culture.
From these early efforts, theoretical frameworks emerged that focused on learning with levels of challenge, or social
interaction, or intrinsic motivation (Malone, 1981b), and toward a theory of intrinsically motivating instruction
(Malone, 1981a). Early games of the 1940s were based upon missile defense systems and then adapted in the 1950s
into low-level games. During the 50s and 60s, mainframe computers were used to increase the complexity of games
and gaming platforms. The first viable commercial game, sold in coin-operated settings that laid the foundation for
the entertainment industry was the 1971 game Computer Space. The gaming industry experienced commercial ups
and downs until ultimately console gaming crashed in 1977. Rising again in the 80s with low publishing costs, game
development expanded with different genres, such as adventure, beat ‘em up, fighting, and interactive movie games;
maze, platform, platform-adventure, racing, and role-playing games; rhythm, scrolling, stealth, survival and horror
games; and vehicle simulations. Video games became widespread and deeply established in the 1990s when they
became mainstream entertainment and consolidated with publishers. Increasing computer power and lower costs
afforded the integrated use of 3D graphics, multimedia capabilities, and the production of newer genres, such as
MUDs (Multi-User Dungeons), multiplayer, real-time virtual worlds; first-person shooter games; and the massively
multiplayer online role-playing games (MMORPGs) or Persistent Worlds (PWs).

Although the gaming industry spawned dozens of multibillion-dollar companies, most current commercial games
and their predecessors have had little explicit education content, such as chemistry, mathematics, or physics, nor
have they been designed with embedded pedagogical strategies that would make them appealing to teachers or
parents (Kafai et al., 2007). Commercial games; however, have been shown to develop physical and cognitive skills
in learners (Lin, Linn, Varma, & Liu, 2010). Many teachers and administrators are waiting for definitive proof that
games and VR environments are more effective than traditional text-based ways of instruction, although we already
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know from innumerable studies that students are not learning well using traditional and text-based instructional
methods.

Virtual reality environments, games, and learning

Most games and VR environments emphasize intrinsic motivation strategies, focusing on participants’ internal
motivation to perform a task, which is derived from the participation itself (Malone, 1981a; Malone & Lepper, 1987).
Research on intrinsic motivation has found greater success when students engage in creative or complex tasks
(Utman (1997); however, this is not to state that extrinsic motivation has no role in effective game design; intrinsic
and extrinsic objectives are often entwined. Immersive experiences in a VR environment can be pleasurable as well
as disturbing or frightening so acute is the experience (de Strulle, 2009). Immersion or presence, is a state of
consciousness where awareness of one’s physical self and surroundings is diminished or nonexistent, and one’s
experience in the virtual world becomes acutely heightened and seemingly physiologically embodied (Psotka, 1995).
Being immersed in a virtual environment provides a very specific set of affordances both internal and external to the
environment itself. In Why Virtual Worlds Can Matter (2007), John Seely Brown discusses that some of the things
that occur in and around virtual worlds “may in fact point us in the direction of new forms of knowing and acting in
virtual spaces and give us insight into what new, technologically mediated worlds may look like in the coming
decades.” It is to this future world that this chapter is devoted; to the evolving interplay of humans and machines, and
the emergent learning processes found in subtle and self-evident corners of invented realities and environments.

Can education cope with the new technologies?

The slow adoption in education of games and VR environments for learning may remain as is for reasons that have
little to do with their effectiveness (Meltzoff et al., 2009). The problem at the core is that technology cannot be
effective until the curriculum is fundamentally changed to allow for specific technologies to be integrated in
meaningful ways. If however, the curriculum will not be changed until each technology is proven effective, this is a
standoff and counter-productive to progress. Scaffolding is a widely used educational practice in which directed
instruction gradually decreases as a student’s competence increases, and this graduated weaning from assistance
results in increased independence in the learning process (Quales et al., 2009) Through merging real and virtual
objects, the authors address the issue of the augmented emergence of abstract from concrete knowledge. Results of
the study with a large sample of students suggest that the merging of real and virtual spaces can offer “a unique level
of educational scaffolding,” as well as “an improved learning-transfer from abstract to concrete domains.” Embedded,
or augmented reality may not be just effective; it may in fact place a new premium on informal learning outside of
school. This may do to the education environment what the Internet has done to bricks and mortar stores.

Distinguishing the good from the bad has not been easy, especially when past evaluation studies have generally
found mixed effectiveness results. Although it is more difficult to demonstrate learning gains from higher-level tasks
than from tutorials that focus on drill and practice, the benefits to be derived from real-world tasks that require the
student to explore, analyze, interpret, solve, and communicate are acknowledged widely (Bangert-Drowns & Pyke,
2001; Kearsley & Schneiderman, 1998; Kozma, 2003; Yang, 2003). While technology can be made subservient to
traditional teaching practices of drill and practice and page turning, and numbingly passive delivery of knowledge, it
is evident that this robs not only the student, but the effectiveness of the technology. VR simulations and games bring
motivation and challenge back to students with a powerful force.

Funded with generous support from the Carnegie Corporation, the National Research Council of the National
Academies of is drafting a "Conceptual Framework for New Science Education Standards" articulating a vision of
the scope and nature of the education in science and engineering that is needed in the 21st century (Strulle & Psotka,
2012). The NRC’s framework is committed to the notion of learning as an ongoing developmental progression and
seeks to illustrate how knowledge and practice must be intertwined in designing learning experiences in K-12
science education. It recognizes “the increasing importance of engineering and technology in developing
understanding and using scientific knowledge and practices.”

Research summarized in Taking Science to School (National Research Council, 2007) reveals that children entering
kindergarten have surprisingly sophisticated ways of thinking about the natural world based on direct experiences
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with the physical environment, such as watching objects fall or collide, and observing animals and plants. Many of
these early experiences can be simulated in VR environments.

Bringing motivation and challenge to learning

The most longstanding and direct benefit of VR and games for education has been their power to motivate learning.
At first it was thought to be a novelty effect, but it has sustained its power over the years (O’Neil, Wainess, & Baker,
2005). VR and games continue to expand and transform themselves to also provide continuing novelty effects, but
this is now clearly subsidiary to the main effects of challenge, social interaction, peer feedback, and the instantiation
of local goals that are intrinsically motivating. In part, the motivational effects transpire from the power of
immersion and the feeling of presence in creative and dramatic environmentsThis aspect of VR and educational
games is the easiest to adapt to current pedagogical goals and environments, since motivation is an essential part of
pedagogy under any system of instruction.

Virtual reality and games have the potential of embodying abstract concepts in concrete experiences. Perpetual
motion machines can be built to demonstrate the force of gravity without the drag of air or any other friction.
Complex interacting systems can be seen from the simplest perspective and complex abstractions, such as the
meaning of words and the links between concepts shown tangibly in a complex three-dimensional space. Imagine a
starfield of related concepts that can be explored by walking among the concepts, touching the invisible links that
connect them, experiencing the distance among them, vibrating one to discover all the others that resonate to similar
meanings, activating the concept to see it in movies and textual explanations: all this is possible to create concrete
meaning out of ambiguous abstractions. For teachers, however, this is a monumental challenge. How to use the
obvious insights in the real world and the semantic world of mental life remains unexplored to modern pedagogy,
and the insights are as new and strange to teachers as they are to their students. Examples of success are River City,
an NSF-funded virtual world for middle school science classrooms (Ketelhut, Nelson, Clarke, & Dede, 2010)
containing content developed from National Science Education Standards, National Educational Technology
Standards, and 21°" Century Skills. The River City world allows students to conduct scientific investigations around
an illness spreading through a virtual city and based upon realistic historical, sociological, and geographical
conditions. The authenticity of the world allows learners to engage in scientific practices, such as forming
hypotheses, running controlled experiments, and interpreting data to inform courses of action.
(http://muve.gse.harvard.edu/rivercityproject/curriculum_p21_standards.htm).

The most popular social networks, such as Facebook™, the virtual world Second Life™, and massively multiplayer
online games (MMOGS), such as World of Warcraft and the SIMs have inspired the public’s imagination and their
motivation to learn. World of Warcraft and Second Life have reported participation of 8.5 and 6.5 million users,
respectively (Bainbridge, 2012; Squire & Steinkuehler, 2006). With such expansive participation in social media,
informal learning has been “virtually” transformed by these emergent settings.

The public’s enthusiastic adoption of new technologies has evolved a resounding need for informal education
institutions to design increasingly sophisticated exhibits that incorporate immersive VR, augmented reality, game-
based technologies, visualizations, and other emerging media. Advances in simulations for training pilots and
astronauts; ubiquitous robots and nanotechnology; satellite imagery; and emerging, sophisticated visualized data
have provided new opportunities for engaging the public in modern science. Findings from a study of a virtual reality
science exhibit (de Strulle, 2009) revealed that some learners were frightened by specific types of nonrealistic virtual
environments and positively affected by realistic images. Nonrealistic images decreased feelings of immersion, while
some visual images moved or changed too frequently to produce any sense of immersion. Avatars were intended to
personalize the VR experience; however, data reveal that avatars did not personalize the experience. Conversely,
avatars were found to detract from learning. Options for interaction were confusing within the virtual environments,
leading to cognitive load issues and frustration in participants, and the mix of audio, text, colors, movement, and
navigation tools were together found to distract from learning. As far back as 1996, Cazden and Beck (2003) argued
that it was critical for exhibits to model effective learning strategies based upon research on learning and be assessed
for their pedagogical value. This remains true. Synchronizing exhibits to the learning strengths of students, multiage
learners can provide unique options for self-directed learning. Differences emerged in understanding of exhibit
content learning styles of multicultural audiences; differences in gender-based learning; consideration of age
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differences among learners; and a new way of understanding how people learn within immersive environments (de
Strulle, 2009).

WolfQuest is a highly successful NSF-funded science game, downloadable and free of charge (www.wolfquest.org).
Developed by Educational Web Adventures and the Minnesota Zoo, the game is coordinated with a national network
of informal science education institutions, including wolf research and conservation organizations. It is important to
note that WolfQuest was designed to bring the same compelling, game-playing quality of commercial video games to
online informal science learning and had the goal of teaching wolf behavior and ecology in an authentically rendered
VR environment developed for scientific accuracy by wolf conservation scientists and wolf habitat ecologists. In a
summative analysis of the game by the Institute for learning Innovation, several issues were identified as being
notable: about 4,000 users downloaded the game in the first few hours after launch and over 350,000 people have
downloaded the game in the 21 months post launch. On average, players have engaged in over 100,000 multiplayer
game sessions per month. The game’s online community forum has over 80,000 registered members who have made
over 850,000 posts to the forum, with a current average of 1,400 posts daily. The game also successfully reached its
target audience of 9-15 year olds with nearly 70% of players in that age range. Findings from a web survey, indepth
phone interviews of learners, and content analysis of the conversation forums, reveal that interest in, connection to,
and knowledge of wolves, wolf behaviors, and wolf habitats increased significantly. This is significant because the
game’s science content was woven throughout the game and rarely made explicit. In self-reported knowledge, a
definite cognitive gain is found with respondents naming either general or specific facts related to habitats, hunting
behaviors, territories and threats to wolf survival, social behaviors, and other facts related to the anatomy and species
of wolves. Over three quarters of the survey participants either have, or intended to expand their interest in furthering
their learning about wolves. Over half of the individuals correlate playing WolfQuest with their desire to visit zoos,
nature centers and state parks and to participate in outdoor activities. This demonstrates that science rich games can
be a significant factor in encouraging interest in grade-appropriate subject matter and advance visits to zoos and
wildlife centers and as form of enhancement to traditional subject matter instruction.

Tiiziin et al. (2009) studied the effects of computer games on primary school students' achievement and motivation in
geography learning. Researchers designed and developed a three-dimensional educational computer game for 24
fourth and fifth grade students in a private school in Ankara, Turkey to learn about world continents and countries
for three weeks. The effects of the game environment on students' achievement and motivation and related
implementation issues were examined through quantitative and qualitative methods. An analysis of pre- and post-
achievement tests showed that students made significant learning gains. In comparing student motivations while
learning in the game-based environment and in the traditional school environment, it was found that students
demonstrated statistically significant higher intrinsic motivations and statistically significant lower extrinsic
motivations from learning in the game-based environment. In addition, students had decreased their focus on getting
grades and were more independent while participating in the game-based activities. These positive effects on
learning and motivation, and the positive attitudes of students and teachers suggest that computer games can be used
as a tool in formal learning environments to support effective geography learning.

The military’s leadership in game-based learning

In America’s military there has been little opposition to innovation in education and training. None surpasses the
military’s leadership in education and technology; therefore, it is imperative that we understand the difference
between the military’s approach to leadership in education and training, and the American school system’s rather
lethargic approach to modernization. Why is one massive enterprise nimble enough to react to the changing
dynamics of national interest, and one system entrenched in antiquated ideas, outdated textbooks, poor teacher
preparation, and a serious lack of attention to the rise of technology?

Military officers often have an engineering background. Computers and technology are not unfamiliar but this is not
the basis of the military’s success. The military is driven by pragmatic urgency to improve their odds against very
clever foes in very high-stakes environments. As a result, computer games and simulations were explored thoroughly
at the beginning of the digital revolution and found to merit vast investment in research and development because
these environments provided a unique learning edge. The military already used simulations of simultaneous linear
equations to model weapons effects, called constructive simulations, and so there was an incremental change to
qualitative digital simulations. Initially, the machinery of war, tanks and planes and ships were simulated with
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mockups, and then embedded in computers to create virtual environments where Soldiers could learn their profession
as realistically as possible. The Army created a vast desert stronghold to verify the success of these simulators in live
training that is unparalleled in the world. Not only did they confirm the success of simulators and games, which was
attested to by commanders in actual combat in Desert Storm and Operation Freedom, they also created an extensive
modeling and simulation bureaucracy to guide the research and development of more formidable systems.

The U.S. Army has successfully emphasized “training as you fight” to instill the best possible fighting effectiveness
in its Soldiers. Over the last two decades, this philosophy has heavily emphasized simulators and simulations that
range from virtual environments of networked armor simulators with veridical motion and scenery to live training
ranges with laser detectors pioneered at the National Training Center. In 2002, the U.S. Army created America’s
Army (http://www.americasarmy.com/), a game to provide entertainment while creating implicit skills and tacit
knowledge about the variety of occupations in the military. The game was based on a commercially successful
gaming platform and engine and was a huge success with millions of downloads and online players. Its effectiveness
at creating Army skills and an improved understanding of the Army environment had been widely acknowledged as
self-evident. America’s Army has been going strong for more than 8 years with millions of downloads and players
throughout the world. The success of this training has propelled the widespread development of less detailed
simulators, such as DARWARS Ambush! (Foltz et al., 2008) for training convoy skills; videos in communities of
practice (COPs) environments, (Cianciolo et al., 2007) (companycommand.com); and even professional discussion
in text-based environments (Dixon et al, 2005). The range of training domains has been fairly broad, including
interpersonal interactions (Hill et al., 2006; Barba et al., 2006); convoy operations (Roberts, Diller, & Schmitt, 2006);
squad/platoon leadership (Beal, 2005); tactical operations (Beal, 2005); language and culture (Johnson & Beal, 2005),
among others.

To avoid the high monetary costs and time requirements for developing scenarios in these high-fidelity environments,
assessment of individuals was conducted in a low-fidelity environment. The use of a low-fidelity environment also
provides a near-transfer demonstration of the skills/abilities developed through training with high-fidelity
environments. With a low-fidelity environment, the training domain knowledge and decisions can be parsed from the
skill in using the training tool, so the assessment can target the intended cognitive components of the training
material.

ELECT BILAT is a prototype game-based simulation for Soldiers to practice conducting bilateral engagements in a
notional Operation Iraqi Freedom environment (Hill et al., 2006). The prototype provides students with the
experience of preparing for a meeting, including familiarization with the cultural context, gathering intelligence,
conducting a meeting, negotiating a successful resolution, and following up the meeting agreements, as appropriate.
The ELECT BiLAT architecture is based on a commercial game engine that is integrated with research technologies
to enable the use of virtual human characters, scenario customization, as well as coaching, feedback, and tutoring.

Military’s assessment methods

To assess the effectiveness of military games for learning, simple facts are not enough. Improved decision-making
based on experience is the goal; so multiple-choice tests and even essays are not appropriate. While essay answers
may bring out the sought for skills, they are too time-intensive for everyday group use, so a new technology for
testing has been developed: Situation Judgment Tests (SJT).

For ELECT BiLAT, an SJT was developed and used to assess how well learners made appropriate decisions. The
SJT included nine scenario descriptions with multiple alternative actions presented as possible answers for each
scenario. The learners rated each possible action (a total of 31 actions per scenario) on a Likert scale (0 = very poor
and 10 = very good). The learner responses were standardized (i.e., a Z-score based on their own mean rating and
the standard deviation of their own ratings). Learners’ standardized ratings were then compared to a subject matter
expert (SME) based rating key, using a correlation. The higher the correlation between the learner and the SME
ratings the better the agreement on the relative goodness/badness of various actions in the highly complex situation
of bilateral negotiations.

One of the benefits of using the SJT to evaluate progress was that there were no clear right/wrong answers for the
ratings, and the scoring was based on a correlation to SME ratings. By taking the SJT without any feedback, a learner
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would not be able to improvise a personal scoring key leading to improve scores based solely on repeatedly taking
the test. Therefore, a pre-training assessment could be given prior to the training session, followed by the training,
and then the post-training assessment could be conducted. Then by comparing the pre- and post-training correlation
scores, it was possible to see how much a person learned from the training.

To our knowledge, no one at any level of the education system has yet adopted this new SJT technology, just as there
is little use of educational games across the education enterprise.

Not all military training via games and game technology is combat-oriented. When deployed outside the U.S., for
example, soldiers often are in different cultures and unable to speak the language. Various companies and university
research programs are working to solve these problems. In 2004, researchers at the Information Sciences Institute at
the University of Southern California were working on Tactical Iraqi, a game-based effort to teach Arabic to U.S.
soldiers. These types of games involve work with speech recognition technology, since speaking a language is vitally
important to learning it. A human facilitator monitors and corrects trainees, since the technology is still relatively
new.

Most military personnel are not involved in frontline combat. The actual warfighters are supported by a host of
analysts, drivers, cooks, and so on, who are doing traditional jobs under extremely adverse conditions. The military
is aware that they need training for non-combat personnel. During the fighting in Iraq, non-combat troops suffered
more casualties than combat troops. Games have been used to train these personnel as well.

In 1999, the U.S. Army in conjunction with the University of Southern California created the Institute for Creative
Technologies (ICT), bringing together educators, video game developers, and other entertainment companies to
create the next generation of military training tools and simulations. The Army’s Joint Fires and Effects Trainer
System, or JFETS, is one of the projects to come out of the ICT. In JFETS, the location of the mission, with
simulated personnel and defenses, is presented to the player-trainee. Since most missions are team missions, the
training becomes a multiplayer game experience. Superiors can monitor the performance of individuals, as well as
the entire team, and can provide feedback, both positive and negative, in debriefings after the mission is completed.
If the design of the simulation is engaging enough, it’s not impossible to assume that soldiers would be willing to
play the games in their off hours, combining unsupervised entertainment with training.

Live training operations, deploying hundreds or even thousands of military personnel into the field, have been a
staple of military training for centuries. The cost of such operations, in terms of both men and equipment, makes
them less than ideal. With massively multiplayer online games (MMOG) technology, bringing together troops from
around the world, operations can be done less expensively and with much more secrecy. In addition, the military is
contemplating Virtual Reality trainers.

Training for the military has advanced significantly in the past decades, and games for training have played a large
part. Though there are still many in command and training positions that distrust games as teaching tools there is
evidence of its success and the use of games will become even more important in the years to come. For the
military’s games, After Action Review (AAR) is particularly important. The process reviews what was supposed to
happen, establishes what actually happened, and then determines what went right—essential to assessing both the
game and a Soldier’s performance. Past studies always have mixed effectiveness results.

Conclusions & recommendations

Outside of classrooms, students and adults are highly engaged in using a range of complex technologies and have
generally surpassed the expertise of their teachers. Technologies of many kinds, from online universities to
interactive learning environments and distance education are nibbling at the edge of school systems (Collins &
Halverson, 2009). The failure to recognize technology and its affordances for improving teaching and learning is
thwarting our ability to develop a technologically skilled workforce and thereby inhibiting our ability to compete in
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the global marketplace. Students in less affluent public schools are unable obtain a modern and competitive
education, and our system of education is not consonant with the goals of other high performing Western countries.
Technological innovation is creating rampant discord in well-established industries that have been entrenched at all
levels of the education enterprise. Textbook, magazine, and newspaper publishers are in a quandary about how to
deal with current digitization of information and massive amounts of data, and the vast global networks now used for
global information and communications (Jones, 2009). To what extent, we ask, do the industries tethered to the
education system, such as textbook and publishing companies, student exam preparation companies, college boards,
and an array of resource providers with contracts to schools constrain the use of technologies and software
applications because their business is not yet technology-based? Although few groups adopt the Luddite strategy of
destroying technological innovation, other strategies may be equally destructive, preventing the level of creativity,
innovation, and progress our nation needs. Change demands radical new skills and practices.

Future learning progressions

The inferential processes of children in their genetic epistemology of knowledge remain largely a mystery to our
understanding, although some generalizations about the progression from sensory experience to concrete manipulation
and formal knowledge (Piaget, 1926) are superficially understood. What is clear, is that the implicit creation of concepts
and knowledge structures during the first few years of life where every new experience seems to add measurably to a
child’s progress. The meanings of words grow in parallel with each other incrementally; so that within five years (1825
days) more than 5,000 unique conceptual meanings are learned while only one or two new words are encountered each
day (Landauer & Dumais, 1998). With the exception of some parental assistance, no teacher was involved in these
learning achievements.

Exposing children at early ages and grade levels to complex ideas could turn around children’s natural learning
progressions. For example, a game has the potential to provide young children with experiences that convey the impact
of human behavior on an ecosystem, giving them immediate insight into the concept traditionally taught in high school.
Although we do not know how the mind can extrapolate from VR experiences at such early ages, we do know that
simulated environments, as previously mentioned, can create immersive states of consciousness that are “as if’ the
student is there. In addition to basic gains, VR could be tested as an intervention. As an example, exposure to novel
learning experiences outside of school has been linked to higher academic performance in elementary school. Affluent
children typically spend summers hours traveling or in learning activities, as opposed to economically challenged
children who have little enrichment outside of school. Academic gains made by affluent students over the summer are
compounded yearly resulting in a perpetually widening academic gap between affluent and economically challenged
students during the formative school years. Because VR and games can provide simulations with experiences of real
environments, including augmented reality, these environments can expose students to “realistic” and “authentic”
enrichment activities potentially closing the learning gap in the early years. Our minds are attuned to implicit inferential
learning from experiences provided by our perceptual systems; yet, education largely fails to stimulate and leverage
these powerful learning systems. Imagine allowing children to experience and explore the conceptual universe of atomic
and chemical structures; an unspoiled ecosystem; historical reenactments; the plays of Shakespeare, just as concretely as
they now explore their playrooms and backyards. Imagine not just two-dimensional graphs of forces and relations, as in
SimCalc but embodied forces moving and changing dynamically in complex relationships that students can be engaged
with using all their perceptual and intellectual systems. Games, VR and other emerging technologies are strategies for
learning that embrace complexity and rely upon the amazing capabilities of the neural networks of the brain to create
organized knowledge and understanding. The formation and ingrained acceptance of many misconceptions is prevalent
in K-12. Ideas such as the geocentric solar system; medieval theories of circular motion; or overly simplistic views of
predator and prey relations, can easily be eliminated through VR and games in early elementary school, allowing for
complex and accurate conceptions of the world to form at early ages, freeing up valuable academic time for more
meaningful and detailed exploration. At this point of unprecedented opportunity for learning, we should be exploring a
plethora of possibilities.

Scientific misconceptions

Misconceptions about the world abound in students from the obvious flat Earth and geocentric solar system; to the
much less obvious impetus theories of motion for objects swung in circles and let go, or objects dropped from
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moving vehicles. Misconceptions in science and mathematics have an important role in creating graduated and more
complex understanding of the world; just as the Bohr atom is a crude approximation of more detailed atomic
structure; however, some misconceptions are the direct byproduct of our perceptual system. Even after seeing the
Earth rise from the moon’s surface it is still difficult to conceive perceptually that the sun is not orbiting the earth in
the sky. In spite of this perceptual conflict, VR can provide the direct experience to understand more directly and
convincingly that a heliocentric view of the solar system is a more scientifically congruent conception. Similarly, it
can provide a point of view of objects being dropped from moving vehicles that takes either the perspective of the
moving vehicle or the stationary ground, and the accurate flight of objects can be made clearly visible. In this way,
VR provides pedagogic agency of novel and unrivalled power. In order to use this power, teachers must understand
these misconceptions; must understand the role of misconceptions in the cognitive growth of their students; and must
be able to integrate these things into their curriculum, and nothing seems as imaginative and compelling as seeing
and doing through immersive technologies.

Exploiting the power of disruptive technology

Reviewing these strengths of VR and educational games, the pattern of their disruptive powers becomes obvious.
Instead of providing facts and abstractions, VR and educational games offer an embodiment of selected, refined
experiences distilled from real life. An example of leading-edge work with experiential simulation is ScienceSpace,
an evolving suite of virtual worlds designed to aid students in mastering difficult science concepts (Salzman, Dede,
Loftin, & Chen, 1999). Whether to counter misconceptions; provide access to normally unperceivable phenomena of
Earth’s systems and processes and inaccessible environments; or immerse students in exciting, motivating
adventures with incidental but important meaning, games and VR technologies offer unprecedented educational
opportunities. These opportunities may never fit into the existing framework of education unless current approaches
to the use of educational technologies change. VR and games can stretch and shape students’ minds in ways that
have not yet been explored by educators in large-scale implementations. This is disruptive technology at its core.

Students live in this world of immediate sharing, with cell phones, instant messages, online social networking sites,
and games, in a continuing evolution of technology that dominates their lives. The education system used to be the
access point for new information and knowledge, now the Internet and social networking technologies offer
resources of unparalleled magnitude making information and knowledge gained in classrooms appear outdated. New
technologies offer fresh and highly effective new approaches to creativity in the context of education, such as ways
to adjust pedagogical structures in favor of a more individual approach to learning that creates opportunities for
teachers to engage students individually and provide feedback. Technology provides opportunities for individualized,
automatic feedback, and promotes collaboration and peer interaction in new powerful ways. Online games in
particular demand teamwork and sharing expertise.

Humans are endowed with magnificent sensory systems to investigate and explore the world. Children use these
systems to make powerful, far-reaching generalizations about complex everyday events and structures that are so
amazingly accurate that they survive to reach school age and beyond. It does not take much imagination to see that
the structures and function of the brain are intimately in harmony with these perceptual systems. Yet, once in school
these powerful systems and exploratory urges are harnessed, reined in, and often constrained only to focus narrowly
on text-based learning and images in books. The advanced new technologies of VR and games make these persistent
restrictions unnecessary, but the education system must be radically changed to position itself to take advantage of
these new teaching and learning opportunities.

The future workforce

Workplace employment demands increasingly more knowledge adeptness with online interaction and collaboration
essential to job functions. Education has moved much too slowly in taking an active lead in promoting these skills
and focusing on higher order thinking skills that leverage these technological breakthroughs. Many technologies are
inherently educational in ways that could easily be exploited by schools; yet, it appears that the zeitgeist is
predominantly one of shutting these technologies out of school-based learning, preventing cell phone use in classes
because of their potential disruption of teachers’ lectures and control. The true disruption, however; is not inside
classrooms, it’s outside the classroom, in out of school learning where information and communications technologies,
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games, and virtual worlds are dominating the attention of youth and perpetuating and evolving with such
sophistication that it will ultimately cause the educational system to change, but when, and at what cost to our
nation’s leadership?

It is up to leaders, principals, administrators, school boards, and local officials to begin to design the necessary
educational technology framework for how schools might undergo a transformation and oversee it through to a
successful end. A demand for new curricula with a culture of embracing technologies for learning must evolve.
Schools of education must teach preservice teachers how to teach and collaborate through technology; foster student
research using technology; and engage students in the use of current technologies in order to gain necessary
competitive expertise in using technology for a range of interdisciplinary career opportunities; evolve essential
abilities to solve problems through analysis of emerging data; and design new forms of innovation for a
technological world.

VR can present science content through sophisticated simulations allowing users to interactively experiment, collect
and interpret data, pose questions, explore new hypotheses, and analyze results of their own virtual experiments.
Conducting scientific inquiry within a VR environment allows learners to progress to more difficult and
sophisticated science investigation experiences at their own pace of inquiry. Such experiences promote improvement
in learners’ critical thinking and problem-solving skills through manipulation of scientific data, data analysis, and
speculation of results.

For teachers with students who have varied academic backgrounds, propensities, and abilities, VR can integrate a
range of personalized strategies. Students who may have difficulty performing in class could potentially have time
away from teachers and peers to engage in virtual problem-solving strategies synchronized to a learner's individual
pace.

Learning from experience

Researchers have created innumerable prototypes and disseminated them to educators, researchers, and schools only
to continue to flounder alone. Such a piecemeal research agenda and implementation strategy will not effect any
change in education in radical ways. The education enterprise must systematically draw from the body of evidence
but also and most importantly, from the real-world exchange of ideas in the world marketplace in order to absorb
visionary new ideas and recommendations. Leadership is needed in government and industry to forge a bold new
plan to let America’s children learn.

Change in the structure of schools

Collins & Halverson (2009) have offered a stimulating new program for integrating technology into schools. Just as
education had to change dramatically in response to the industrial revolution, the knowledge and technology
revolution are demanding a similar degree of change. The two changes they suggest are national certification and
modular assessment systems. The main proposal they make is to create a national set of credentials that could be
administered online on any learning center or school by trained professionals. By creating smaller certifications that
are nationally recognized students could use their own motivation to decide which certification tests they take, when
they take the tests, and the topics to research. These certifications would rely on assessment systems that are
nationally standardized. Not only would this increase student motivation to pursue their own interests when and
where they want, the modular architecture would allow the penetration of research innovations into school based,
informal, and internet based curricula. This motivation factor has the potential to improve education in many ways.
Education is somewhat modular already, with materials broken into years, or semesters. This should provide a start,
but smaller modules would be more amenable to technological simulations, games, and VR. The changes it demands
maybe too great for huge national systems, but smaller nations may be more agile and flexible in creating these new
systems. Everywhere, however, dynamic leadership is needed to overcome stagnant lethargy and implement change
that may well be disruptive in its short term consequences.
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ABSTRACT

This position paper proposes to broaden the conception of personal epistemology to include design
epistemology that foregrounds the importance of creativity, collaboration, and design thinking. Knowledge
creation process, we argue, can be explicated using Popper’s ontology of three worlds of objects. In short,
conceptual artifacts (World 3) like theories are products of human minds that result from personal thinking and
experience (World 2) and are encrypted through language, signs and symbols on some physical media (World 1).
Examined from this perspective, knowledge creation necessitates design thinking, and ICT facilitates this
process by providing a historical record of the development of ideas and allows for juxtapositions of ideas to
create new ideas. The implication for education is that educators and researchers should develop students’
epistemic repertoires, or ways or knowing, so as to create cognitive artifacts to make sense of the problems and
challenges that a student encounters.

Keywords
Design, Epistemology, Educational technology

Introduction

The challenges posed by the contemporary world on education can be succinctly summarized as the requirement to
transform educational practices to prepare students of all ages for the knowledge society (Bereiter & Scardamalia,
2006; Chai, Wong, Gao, Wang, 2011; Macdonald & Hursh, 2006; Paavola & Hakkarainen, 2005). The knowledge
society, sometimes known as the learning society or the knowledge economy (Valimaa & Hoffman, 2008), produces
“high value-added goods and services driven by ... strong innovation performance; intensive use of generic
technologies...sound research and development investments; and, above all, high education standards, human
resources in science and technology” (Dufour, 2010, p. 984). The foci of the education system in such a society are
targeted at cultivating learners who are able to produce knowledge and associated products through transdisciplinary
research. The key competency of the workers in the knowledge society is the ability to create usable knowledge, and
not just knowledge that are governed by academic interests concerning the “truth” (Bereiter, 2002; Valimaa &
Hoffman, 2008).

The preceding account of the educational needs of the knowledge society is now widely shared among educators
and policy makers. Many national and international education policies that attempt to integrate information and
communication technology (ICT) in education have the ultimate goal of empowering students’ construction of
knowledge with ICT (e.g., Anderson, 2010; Partnership for 21* century skills, 2011). Classroom realities, however,
often fall short of realising these policy objectives. This is especially so in the Asia Pacific region when teacher’s
use of ICT for students’ knowledge construction is not prominent (Bate, 2010; Hogan & Gopinathan, 2008; Hsu,
2011; Law, Lee & Yuen, 2009). While the advancement of networked technology, along with the development of
myriad e-learning platforms and social networks, has broadened the scope for ideas, insights, experiences, and
knowledge to be articulated, constructed, shared, and distributed (Chai & Lim, 2011), it is now generally recognized
that true transformation of education has to happen at a deeper level (Bruner, 1996; Castell, 2005; Ertmer, 2005;
Bereiter & Scardamalia , 2010; Yang & Tsai, 2010). Current education systems have been based primarily on
traditional epistemological beliefs and the needs and infrastructures of the Industrial Age (Bereiter & Scardamalia,
2006; Macdonald & Hursh, 2006). To meet the challenges posed by the knowledge society and to harvest the
pedagogical affordances of ever more powerful ICT, it is imperative to re-conceptualize what education is about; in
particular, to collectively (i.e., involving all levels of educators) examine the epistemic foundations and purpose of
schooling. Our purpose in this paper is to reflect on a lesser known area of research in personal epistemology,
namely design epistemology, and to argue for its relevance in ongoing efforts to address the epistemological bases of
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education reform. In the following sections, we argue for the need of fostering design epistemology among teachers
and students and the roles of ICT in this process.

Design epistemology

Epistemology is an important field within philosophy that deals with the nature and the justification of knowledge.
Regardless of which perspectives of learning an educator holds, whether learning as acquisition of knowledge or
knowledge creation (Paavola & Hakkarainen, 2005), one cannot avoid engagement with issues about the nature of
knowledge and ways of knowing. In terms of education reform in the context of knowledge society, it would be
pertinent for teachers to be acquainted with epistemology supported by personal experiences in creating knowledge.

Since 1970s, there has been growing interest among educational psychologists in the study of students’ and teachers’
personal epistemology. The core dimensions of personal epistemology include the nature of knowledge (whether
knowledge is certain or tentative, for example) and the source of knowledge (for example, whether knowledge is
from an authorititative source or is personally constructed) (Hofer & Pintrich, 1997). Relationships between personal
epistemology and various learning outcomes, such as learning approaches, reading comprehension, conceptual
learning and learning strategies have been established (Schommer-Aikins, Bird, & Bakken, 2010).

Wong and Chai (2010) argued that prevailing conceptions of knowledge, based on traditional notions of
epistemology and the popular views of the scientific method, are unduly limiting. Etymologically, the Greek term
episteme translates into scientia in Latin to give us the modern word for science. Traditionally, episteme in Greek has
often been used in contrast to techne (art or craft), poiesis (making or inventing) and praxis (doing). Due to this
traditional bias, current conceptions of epistemology tend to privilege scientific knowledge or propositional forms of
knowledge. With the emphasis on innovation, creativity and the use of technology in the knowledge economy, it
opens the way for a more dynamic, comprehensive conception of knowledge construction that cuts across not only
various disciplines but also across domains of skills, practices, and even dispositions (Schon, 1983; Caws, 1997;
Simon, 1996, Rowland, 2004, Pink, 2006, Cross, 2006, Edwards, 2008; Fry, 2009; Martin, 2009; Brown, 2009).

We therefore argue for a broader conception of personal epistemology that foreground the importance of creativity,
collaboration, and design thinking for future research. In other words, we propose a conception of design
epistemology that is not divorced from traditional epistemology, but one that emphasizes the dynamic, social, and
creative aspects of knowing and knowledge construction. Focusing on this area of personal epistemology is, in our
opinion, crucial to the transformation of education, especially in the Asia Pacific region, which is culturally more
oriented to collectivism and traditional teacher-centric pedagogy. Design epistemology could leverage the
communitarian aspects of Asian culture to promote a more creative and dynamic approach to teaching and learning.

The design approach to knowledge

Nigel Cross (2006) suggested a useful way to characterize the design approach to knowledge. According to Cross,
human knowledge can be broadly divided into three realms-- namely the sciences, the humanities, and design—each
with its unique focus of study, methods and set of values and dispositions.

The main focus of study for the sciences is the natural world. The methods employed by the sciences include
controlled experiments, classification, and analysis. The values corresponding to scientific inquiry are objectivity,
rationality, neutrality, and a concern for truth. The arts and humanities focus on human experiences and employ tools
such as analogies and metaphors to understand and to give expression to the world of human experiences. This realm
of human knowledge values human subjectivity and imagination, and is often propelled by concerns for justice.
Design realm of knowledge focuses on the artificial world, and employs methods such as modeling, pattern-
formation, and synthesis. Practicality, ingenuity, empathy, and a concern for appropriateness are paramount for
design realm of knowledge. The ability to synthesis disparate knowledge and information is widely held to be a
central feature of design thinking (Cross, 2006; Pink, 2006; Simon, 1996). In addition to modeling, the use of
simulation and prototyping are typical tools to experiment with new ideas. Not only do these tools enable the
realization of abstract ideas, but they could also serve as vehicles for the discovery of new knowledge and facilitation
of thinking (Simon, 1996; Brown, 2009).
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The division of knowledge into these three realms is, of course, a human creation —a product of design thinking, so to
speak. In actuality, all three realms of knowledge are intimately related in the act of thinking and doing in a creative
fashion. While it is focused on the production of material and conceptual artifacts, design thinking cannot take place
without the necessary supports of the arts and sciences. In addition, we would argue that design thinking is critical to
all three forms of knowing. Artists design the stories they want to tell about human experiences. Scientists design the
theoretical frameworks and the empirical experimentations about the phenomena they encounter. Technologists
design products that interface between the users and the objects to be worked on. Regardless of the professional
emphases, the viability of what is created has to be judged and assessed by potential users. The creation of a science
fiction movie such as the Star Wars series illustrates how these three forms of knowledge are tightly woven together
through design to produce an artifact that has been well received by movie lovers. The success of Apple’s iphone
with its growing number of apps is another case in point.

Design thinking is likely to be more fruitful in a collaborative environment. Project teams comprising members with
different skills and expertise are crucial for design in the knowledge age. The creative potential of the team is based
on its capacity to collaborate across disciplines and realms of practice. In educational terms, such collaborative
efforts point to the desirability of fostering “T-shaped” individuals (Brown, 2009). The vertical axis of the letter
refers to the depth of skill and knowledge that allows a person to make tangible contributions to the outcome of the
project. The horizontal axis refers to the capacity to pursue a wide spectrum of interests outside of one’s professional,
technical, or academic specialty.

Ultimately, design is aimed at meeting human needs and purposes, and as such, design is guided by a normative goal.
Since design thinking aims to produce artifacts or ideas useful and meaningful to life, the logic of their enterprise has
ethical implications on their participants. Thus, in addition to “the arts of planning, inventing, making and doing”
(Cross, 2006, p.17), the design approach fosters the development of empathy, tolerance for ambiguity, positive
attitudes towards failure or error, and bias towards service and responsibility (Rowland, 2004). This is also quite
different from scientific thinking, which often considers uncertainty as a threat for knowledge development (Duschl,
1990). Last but not least, design thinking understood in this context also promotes a high degree of reflexivity, in
which the agent grows in self-awareness and social consciousness through interacting with others in the process of
producing goods and services that transform the social and physical environment.

The preceding outline of the main features of the design approach to knowledge shows that design thinking is more
than what has been considered in the traditional research of personal epistemology. To date, studies in personal
epistemology is mainly based on classroom phenomena in general. This, in turn, is based on the belief mode of
thinking that is focused on the truth value of knowledge claims (Bereiter & Scardamalia, 2006). Consequently, there
is little we know about how teachers and students understand knowledge creation in the context of knowledge
society. However, before we discuss possible ways of fostering knowledge creation in the classrooms, it would be
beneficial to explicate a possible ontological foundation to engender knowledge creation in classrooms. To this end,
we turn to Popper’s postulation of three worlds.

Popper’s three worlds and knowledge creation

Popper conceptualized a pluralistic view of the universe consisting of three worlds to explain how civilization
progresses. World 1 consists of the world of physical things and events. World 2 refers to the subjective world of
experiences, and Popper regarded this as especially important as it includes the world of moral experiences. World 3
is made up of the products of the human mind. As products of the human mind, World 3 objects can also be referred
to as conceptual or cognitive artifacts (Bereiter, 1994). World 3 objects are primarily embodied or physically realized
in world 1 physical objects. For example, Beethoven’s Fifth Symphony is a World 3 artifact that is realized or
embodied in various performances or recordings of those performances, which are events or things occurring in
World 1. The experience and appreciation of a live or recorded performance takes place in World 2, and is
experienced differently by different listeners who can then engage in informed or critical discussion of the merits of
the performance. It may seem surprising that this interaction of the three worlds may well lead to changes in the
elements of the symphony to improve or enhance its performance.

The contemporary significance of Popper’s three worlds to research and development community lies in the potential
of tentative theories or designs being articulated and/or improved over time as they are being subjected to criticism,
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error elimination and/or refutation. An example of such a process is the Wright brothers’ effort in building a plane
that took place as a theory about flight control was concurrently being developed and articulated (Bereiter, 2009). To
work on an epistemic object with the intention of producing a good or service and advancing its utility is, in essence,
the kind of innovative work today’s knowledge worker is engaged in. In other words, the interaction of the three
worlds is part and parcel of what it means to be engaged in knowledge creation.

The main point of World 3 objects is that they are human creations and therefore they can be improved for the most
part through the dynamic interaction the three worlds. Treated as such, the ideas, theories and designs created by
knowledge workers such as scientists, engineers and architects are assessed less for their truth value but more for
their utility or pragmatic value. Moreover, these theories and ideas, once created, have a life of their own in that they
can and should be improved and transformed by people who interact with them. They are treated as tentative ideas
that should be subjected to error elimination under Popper’s schema or idea refinement from Bereiter’s perspective.
In other words, all created knowledge is open to further inquiry and improvement. Design thinking is more
concerned with notions of utility and significance than with the question of truth (Pink, 2006). Even so the material
or conceptual artifacts of the design process do not “ignore or violate the laws of nature” (Simon, 1996, p. 3); indeed,
it could be said that the success in simulating, modeling or prototyping an artifact points to underlying truths about
the ideas that inform its production. This would be in keeping with the realism informing Popper’s conception of
World 3 objects.

Popper’s three worlds provide educators with alternative ways to re-conceptualize what education should be about.
Bereiter (2002) has successfully employed this paradigm as a foundation for the pedagogical model of knowledge
building community. Bereiter (2002) criticizes current education systems for focusing too much on changing the
World 2 of students (i.e., the students’ mind) and often neglecting the enculturation of students’ competencies to
work in World 3. Bereiter therefore advocates that school should shift the focus of classroom students’ work to
include as much emphasis on World 3 objects. Bereiter and Scardamalia (2006) described this shift as resulting in
pedagogies reflecting the design mode of thinking. According to Bereiter and Scardamalia, in a knowledge building
community that employs the design mode of thinking, it is essential to guide students to ask questions such as: (1)
What is this idea good for? (2) What does it do/fail to do? And (3) how can it be improved? In other words, the
guiding concerns are not necessary those associated with academic pursuit of truth, but with issues of practical
constraints confronting proposed solutions to real world problems. In assessing the value or success of ideas,
designers appeal to criteria such as feasibilty (“what is functionally possible within the foreseeable future”), viability
(“what is likely to become part of a sustainable business [or social] model”); and desirability (“what makes sense to
people and for people”) (Brown, 2009, pp.18-19).

The last criterion points to a fundamental strength of the design approach: its emphasis on the human-centered nature
of idea generation and knowledge construction. In so doing, the design approach highlights the normative and ethical
aspects of the aim of producing and improving ideas that benefit individuals and society. As design approach seeks
to find practical solutions to complex and at times wicked problems, it promotes and develops the capacity for
judgment, and hence self-reflection. As Rowland (2004) observed, designers
do not confront decisions that are clearly correct or incorrect, right or wrong. Instead they make judgments
and learn how wise those judgments are through their consequences. Judgment is neither rational decision
making nor intuition. It is the ability to gain insight, through experience and reflection, and project this
insight onto situations that are complex, indeterminate, and paradoxical (p. 40).

In light of the complex nature of challenges and problems of the 21*' century, the development of mature judgment
complements efforts to educate for responsible local as well as global citizenship.

Building on the foregoing arguments, we would like to point out that Popper’s model can be applied in wide contexts
of other models of knowledge creation, which could include the knowledge spiral that is realized through the
processes of socialization, externalization, combination and internalization (SECI) (Nonaka & Takeuchi, 1995); the
expansive learning framework that is undergirded by cultural-historical activity theory (Engestrom, 1999); and
“designerly” ways of knowing (Cross, 2006). These models of knowledge creation, together with the knowledge
building community (Scardamalia & Bereiter, 2006), were constructed based on research in different social-cultural
contexts and therefore emphasize different aspects of knowledge creation. For example, the knowledge spiral was
based on studies of Japanese firms; the designerly ways of knowing were based on research in the context of western
industrial design; expansive learning originated from studies of traditional craft and is concerned with innovating
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practices; while the knowledge building community is practiced in classrooms focusing on students’ creation of
theories and knowledge (for review, see Paavola, Lipponen & Hakkarinen, 2004). Despite their differences, the
common mode of knowledge creation is arguably design thinking in the broadest sense, that is, to pursue fruitful and
generative ideas resulting in the production of goods, services, or solutions for authentic problems and challenges
within their respective social cultural contexts. Design epistemology is thus the study of the dynamic, collaborative
and holistic aspect of this process of knowledge creation that yields useful practice, products, and services. We
suggest these models and Popper’s view of three worlds as a generic knowledge creation model that could be applied
to a wide range of disciplines and practices and therefore to a wide range of classroom contexts. Figure 1 depicts
how various models of knowledge creations could be employed to mediate the relations between the three worlds.
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Figure 1. A knowledge creation model

Our model sees knowledge creation as a process that begins with the encountering of challenges or problem in their
lived world (World 1). Encounter with challenges or problems that cause cognitive and affective dissonance are
likely to drive individuals to seek resolutions. Resolution begins with the process of forming initial ideas (including
problem representations and possible solutions). These initial ideas are likely to be formed through the activation of
the initial epistemological resources, which refers to prior knowledge and everyday ways of knowing (see Hammer
& Elby, 2002). Through articulation of the initial ideas (World 3) in a community (World 1 & 2) who share common
interest and co-own the problem, various ways of knowing, acting, and making can be brought to bear and guide the
knowledge creators to model and perform iterations of potential solutions. The initial articulation of ideas would also
introduce diverse ways of understanding the problems and challenges, which would create multiple zones of
proximal development to engage members in the community in interaction (Oshima, 1998). Through distributed and
the collaborative sense making processes, the ideas are refined and some designed solutions are formed. This process
in turns fosters the development of new epistemological resources for students. Through self-directed reflective
activities, the epistemological resources that emerge during the process of idea improvement can be consolidated as
epistemic repertoire or ways of knowing that can be drawn upon for future collaborative sense making. Elby and
Hammer (2010) proposed similar approaches as they also see the possibilities of the development of coherent
epistemological beliefs “as a progressive construction of patterns of resource activation” (p. 413).
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In essence, as depicted in figure 1, we propose that the three worlds of Popper are interconnected through the
conscious human mind (World 2) and they interact with one another reciprocally. Changes in one world invariably
influence another ecologically. The key task of educators is to help learners appreciate the problems and challenges
at hand and nudge the learners to adopt appropriate epistemic frames (Elby & Hammer, 2010) for collaborative
knowledge construction. For example, when students are struggling to understand a natural phenomenon, the
knowledge building approach is likely to be an appropriate approach in that it seeks to construct theories from
students’ prior knowledge and these theories are subjected to community refinement based on extensive range of
epistemic activities which include both empirical research and literature review (see Zhang, Hong, Scardamalia, Teo
& Morley, 2011). On the other hand, in dealing with problems pertaining to some social practices, it may be more
fruitful to draw upon an expansive learning model as such a model was designed to innovate human activity system
(Engestrom, 1999). In this proposed model, all legitimate ways of knowing developed to date can and should be
drawn upon to improve enrich the social environment. . In addition, all World 3 objects are epistemic resources and
they should be treated as improvable ideas (Bereiter, 2002; Elby & Hammer, 2010). We propose that when teaching
and learning are framed from this ontological perspective, the epistemic nature of classroom would be dramatically
transformed.

The role of ICT for design epistemology

ICT, in recent decade, has been used widely as a cognitive and metacognitive tool (Jonassen, 2000; Jonassen et al.,
2008). In light of this perspective, the main objectives of ICT-assisted instruction are to help learners construct
knowledge and develop relevant skills, learn how to re-organize knowledge and learn how to learn. Some educators
(e.g., Tsai, 2004) also proposed that ICT can promote epistemic development by acting as an epistemic tool. When
ICT is utilized as an epistemic tool for instruction, learners are encouraged to evaluate the merits of perspectives,
information and knowledge acquired from ICT-supported environments, and to probe the nature of learning and
knowledge construction.

Similarly, we believe that ICT can be an adequate tool for promoting learners’ design epistemology. With rapid
advances in ICT, more creative learning and knowledge construction become possible (Stahl, Koschmann, & Suthers,
20006). In fact, it is difficult to imagine any current professional involved in creating knowledge not using multiple
affordances of ICT. Similarly, if teachers engage students in knowledge creation, ICT integration would become a
norm in classrooms. A major affordance of ICT in fostering design epistemology lies in the fact that ICT encourages
user to play with ideas. Computers can store many versions of the idea in the idea improvement processes and help
track the historical development of ideas, for example, in an online forum. In addition, the ease of juxtaposing parts
from different sources together and remixing these parts to form new ideas also encourages users to look at ideas
from a new perspective. Researchers have articulated a range of technological affordances that support the cognitive,
metacognitive, collaborative and epistemic aspects knowledge creation (Chai & Lim, 2011; Jonassen, Howland,
Marra, & Crismond, 2008; Scardamalia & Bereiter, 2006; Tsai, 2004).

Possible research for design epistemology

Drawing upon the various knowledge creation models reviewed above, the common demand of these models can be
summarized as nurturing learners’ “epistemic repertoire.” By epistemic repertoire, we refer to a range of ways of
knowing that enable an individual to develop viable cognitive artifacts to make sense of the problems and challenges
that he or she encounters. Emerging problems and challenges in the current world originate from all areas of our live,
and they are necessarily addressed through multiple ways of knowing. These ways of knowing, which are often
associated with discipline-based or inter-disciplinary approach to knowledge creation, offer different and competing
perspectives and solutions to the problems. In essence, we see the key challenge of today’s education as building an
individual’s epistemic repertoire that could facilitate in-depth understanding of the cognitively (and likely to be
affectively) challenging encounters and formulation of innovative/creative responses to address these challenges.

Knowledge creation and design thinking are complex processes that defy simple reduction. To date, studies in
personal epistemology have drawn upon various methodologies to address different level of analysis (see Bendixen
& Feucht, 2010). However, many gaps in understanding still exists and the findings are at time contradictory (Hofer,
2010). To achieve comprehensive and coherent understanding of personal design epistemology, we would therefore
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advocate that multiple methods be brought to bear on this area of research. A review by Deng, Chen, Tsai and Chai
(2011) of research on scientific epistemology has illustrated how multiple methods illuminate different aspects of
students’ beliefs. It is therefore necessary to design questionnaire to survey general epistemic outlooks especially on
the aspects of individual’s view about design thinking and knowledge as human construction or viable improvable
ideas. In addition, interviewing all levels of knowledge creators would help to piece the puzzle together. However,
instead of beginning research of design epistemology with what people say or believe in, we would suggest that a
better foundation to build understanding about personal epistemology is on what people do during the act of
constructing knowledge through the design mode of thinking. In other words, we argue that researching individual
epistemic repertoire should begin with how they are enacted.

Work by Hammer and Elby (2002) on epistemological resources could give us a more concrete handle in terms of

what epistemological repertoire consists in and how it can be investigated. Epistemological resources are regarded

as fine-grained knowledge elements possessed by a student, which can be activated by different contexts (see also p-

prim theory by diSessa (1993), that is, they are by nature World 2 elements stored in the mind of the students.

Hammer and Elby propose four categories of epistemological resources:

e The general nature of knowledge and how it originates (e.g., knowledge as propagated stuff, knowledge as
constructed, knowledge as fabricated...)

¢ Resources for understanding epistemological activities and forms (e.g., brain-storming, building or making to
think, and lists)

e Epistemic games and epistemic forms (we would also include modeling, or prototyping)

e Resources for understanding stances one may take towards knowledge (e.g., doubting and accepting)

In classroom situations, depending on how the pedagogical intentions are framed epistemologically by the teachers,
students discursively activate various aspects of his or her epistemological resources to deal with the problems at
hand. Elby and Hammer (2010) view the activation of as locally coherent (e.g., sometimes across contexts) rather
than haphazard and incoherent. In addition, they proposed students’ “development as a progressive construction of
patterns of resource activation” (p. 413). However, the contextually activated resources may not be appropriate to the
epistemic task at hand and this would hamper students’ effort or distort the teachers’ epistemic framing of the task
(see for example, Rosenberg, Hammer, & Phelan, 2006). In other words, students may activate inappropriate World
2 or World 1 objects to work on a World 3 object, or vice versa. A teacher’s job would then be to reframe students’
effort through epistemic scaffold. Beyond such one-to-one epistemic scaffolding, it is clear that teachers need to
shape and reshape the epistemic climate of the class, represent subject matter as World 3 objects to be improved
upon; steer the metacognition of the class towards coordinating multiple perspectives for idea improvement and
engage students in using appropriate ICT tools to support the complex problem solving processes.

Assuming that the teacher could successfully achieve the above, what, how and why students’ epistemic repertoire
are formed and changed would be of great interest to researchers. However, as portrayed in Figure 1, to study
students’ epistemic repertoire in isolation is to confine it to World 2 exclusively. This is likely to distort
understanding rather than unpack the emergence of epistemic repertoire. We therefore suggest that regardless of the
researcher’s approach to the study of design epistemology, sufficient characterization of the World 1 and the World 3
is also necessary.

Conclusion

In this paper, we argue for design epistemology, an extension of personal epistemology, as the epistemological basis
for educational reform to prepare our students for the Knowledge society. We elaborate the construct of design
thinking and its roles in knowledge creation from two key perspectives: Nigel Cross’s design realm of knowledge
and its relation to science and humanities realm of knowledge, and Popper’s three ontological worlds of objects.
Educational technologies, we suggest, play an important role in supporting knowledge creation by reifying
conceptual artifacts, tracking historical development of conceptual artifacts, and juxtaposing these artifacts for
creation of new artifacts. Most importantly, we argue that in this Knowledge Age, developing students’ epistemic
repertoires, or ways of knowing, should be the key educational reform effort and research agenda.

Moving forward, we propose a few key research agenda and directions anchored on design epistemology. Our
arguments, we hope, serve as World 3 objects that could trigger further discussion and research effort for the benefit
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of our students, who are the future pillars of the knowledge society. Researchers can further explore how educational
technologies can play an essential role in this respect.

Note

All of the authors contribute to the paper equally.

References

Anderson, J. (2010). ICT transforming education. Bangkok, Thailand: UNESCO.

Bate, F. (2010). A bridge too far? Explaining beginning teachers' use of ICT in Australian schools. Australasian Journal of
Educational Technology, 26(7), 1042-1061.

Bendixen, L. D., & Feucht. F. C. (Eds.) (2010). Personal epistemology in the classroom: Theory, research and implications for
practice. UK, Cambridge: Cambridge University Press.

Bereiter, C. (1994). Constructivism, socioculturalism, and Popper's world 3. Educational Researcher, 23(7),21-23.
Bereiter, C. (2002). Education and mind in the knowledge age. Mahwah, NJ: Lawrence Erlbaum.

Bereiter, C. (2009). Innovation in the absence of principled knowledge: The case of the Wright Brothers. Creativity and
Innovation Management, 18(3), 234-241.

Bereiter, C., & Scardamalia, M. (2006). Education for the knowledge age. In P. A. Alexander & P. H. Winne (Eds.), Handbook of
Educational Psychology (2nd ed., pp. 695-713). Mahwah, NJ : Lawrence Erlbaum.

Bereiter, C. & Scardmalia, M. (2010). Can children really create knowledge? Canadian Journal of Learning and Technology,
36(1). Retrieved from www.cjlt.ca/index.php/cjlt/article/download/585/289

Brown, T. (2009). Change by design: How design thinking transforms organizations and inspires innovation. New York, NY:
HarperCollins.

Bruner, J. (1996). The culture of education. Cambridge, MA: Harvard University Press.

Castells, M. (2005). The network society: From knowledge to policy. In M. Castells & G. Cardoso (Eds.), The Network Society:
From Knowledge to Policy (pp. 3-22). Washington, DC: Johns Hopkins Center for Transatlantic Relations

Caws, P. (1997). Yorick’s World: Science and the knowing subject. Berkeley, CA: University of California Press.

Chai, C. S., & Lim, C. P. (2011). The internet and teacher education: Traversing between the digitized world and schools. The
Internet and Higher Education, 14, 3-9.

Chai, C. S., Wong, L. H., Gao, P., & Wang, Q. (2011). Towards a new era of knowledge creation: A brief discussion of the
epistemology for knowledge creation. International Journal of Continuing Engineering Education and Life-long Learning, 21(1),
1-12.

Cross, N. (20006). Designerly ways of knowing. Boston, MA: Birkhauser.

Deng, F., Chen, D., Tsai, C.-C., & Chai, C. S. (2011). Students’ views of the nature of science: A critical review of research.
Science Education, 95, 961-999.

diSessa, A. (1993). Towards an epistemology of physics. Cognition and Instruction, 10, 105-225.

Dufour, P. (2010). Supplying demand for Canada’s knowledge society: A warmer future for a cold climate? American Behavioral
Scientist, 53(7), 983-996.

Duschl, R.A. (1990). Restructuring science education. New York, NY: Teachers College Press.
Edwards, D. (2008). Artscience: Creativity in the post-google generation. Cambridge, MA: Harvard University Press.

Elby, A., & Hammer, D. (2010). Teachers' personal epistemology and its impact on classroom teaching. In L. D. Bendixen & F. C.
Feucht (Eds.), Personal epistemology in the classroom: Theory, research, and implications for practice (pp. 409-434). Cambridge,
MA: Cambridge University Press.

Engestrom, Y. (1999). Activity theory and individual and social transformation. In Y. Engestrom, R. Miettinen, & R. L. Punamaki
(Eds.), Perspectives on activity theory (pp. 19-38). Cambridge, MA: Cambridge University Press.

88



Ertmer, P. A. (2005). Teacher pedagogical beliefs: The final frontier in our quest for technology integration. Educational
Technology Research and Development, 53(4), 25—39.

Fry, T. (2009). Design futuring: Sustainability, ethics, and new practice. Oxford, UK: Berg.
Granovetter, M. (1983). The strength of weak ties: A network theory revisited. Sociological theory, 1,201-233.

Hammer, D. M., & Elby, A. (2002). On the form of a personal epistemology. In B. K. Hofer & P. R. Pintrich (Eds.), Personal
epistemology: The psychology of beliefs about knowledge and knowing (pp. 169-190). Mahwah, NJ: Lawrence Erlbaum
Associates, Inc.

Hogan, D., & Gopinathan, S. (2008). Knowledge management, sustainable innovation, and pre-service teacher education in
Singapore. Teachers and Teaching: Theory and Practice, 14(4), 369-384.

Hofer, B. K., & Pintrich, P. R. (1997). The development of epistemological theories: Beliefs about knowledge and knowing and
their relation to learning. Review of Educational Research, 67(1), 88-140.

Hofer, B. K., & Pintrich, P. R. (1997). The development of epistemological theories: Beliefs about knowledge and knowing and
their relation to learning. Review of Educational Research, 67(1), 88-140.

Hofer, B. K. (2010). Personal epistemology in Asia: Burgeoning research and future directions. The Asia-Pacific Education
Researcher, 19(1), 179-184.

Hsu, S. (2011). Who assigns the most ICT activities? Examining the relationship between teacher and student usage. Computers
& Education, 56(3), 847-855.

Jonassen D. H. (2000). Computers as mindtools for schools. Upper Saddle River, NJ: Merrill.

Jonassen, D.H., Howland, J., Marra, R., & Crismond, D. (2008). Meaningful learning with technology (3rd ed.). Upper Saddle
River, NJ: Pearson.

Law, N., Lee, Y., & Yuen, H. K. (2009). The impact of ICT in education policies on teacher practices and student outcomes in
Hong Kong. In F. Scheuermann & F. Pedro, 4ssesing the effects of ICT in education— Indicators, criteria and benchmarks for
international comparisons (pp. 143-164). European Union, France: OECD.

Martin, R. (2009). The opposable mind: Winning through integrative thinking. Boston, MA: Harvard Business Press.

Macdonald, G., & Hursh, D. (2006). Twenty-first century schools: Knowledge, networks and new economies. Rotterdam, The
Netherlands: Sense Publication.

Nonaka, 1., & Takeuchi, H. (1995). The knowledge-creating company. New York, NY: Oxford University Press.

Oshima J. (1998). Differences in knowledge-building between two types of networked learning environments: An information
analysis. Journal of Educational Computing Research, 19(3), 329-351.

Paavola, S., & Hakkarainen, K. (2005). The knowledge creation metaphor- An emergent epistemological approach to learning.
Science & Education, 14, 535-557.

Paavola, S., Lipponen, L., & Hakkarainen, K. (2004). Models of innovative knowledge communities and three metaphors of
learning. Review of Educational Research, 74(4), 557-577.

Partnership for 21" century skills, (2011). Framework for 2lst Century Learning. Retrieved from
http://www.p21.org/overview/skills-framework

Pink, D. H. (2006). 4 whole new mind: Why right-brainers will rule the future. New York, NY: Riverhead.

Popper, K. (1978). Three worlds. Retrieved from The University of Utah, Tanner Humanities Center website:
http://www.tannerlectures.utah.edu/lectures/documents/popper80.pdf

Rosenberg, S., Hammer, D., & Phelan, J. (2006). Multiple epistemological coherences in an eighth-grade discussion of the rock
cycle. The Journal of the Learning Sciences, 15(2),261-292.

Rowland, G. (2004). Shall we dance? A design epistemology for organizational learning and performance. Educational
Technology Research and Development, 52(1), 33-48.

Scardamalia, M., & Bereiter, C. (2006). Knowledge building: Theory, pedagogy, and technology. In K. Sawyer (Ed.), The
Cambridge Handbook of the Learning Sciences (pp. 97-115). New York, NY: Cambridge University Press.

Schommer-Aikins, M., Bird, M., & Bakken, L. (2010). Manifestations of an epistemological belief nsystem in preschool to grade
twelve classrooms. In L. D. Bendixen & F. C. Feucht (Eds.). Personal epistemology in the classroom: Theory, research and
implications for practice (pp. 124-162). UK, Cambridge: Cambridge University Press.

Schon, D. (1983). The Reflective Practitioner. London, UK: Temple Smith.
89



Simon, H. (1996). The Sciences of the Artificial (3rd ed). Cambridge, MA: MIT Press.

Stahl, G., Koschmann, T., & Suthers, D. (2006). Computer-supported collaborative learning. In Sawyer (Ed.), Cambridge
handbook of the learning sciences (pp. 409-426). New York, NY: Cambridge University Press.

Tsai, C.-C. (2004). Beyond cognitive and metacognitive tools: The use of the Internet as an “epistemological” tool for instruction.
British Journal of Educational Technology, 35, 525-536.

Valimma, J., & Hoffman, D. (2008). Knolwegde society discourse and higher education. Higher Education, 56, 265-285.

Wong, B., & Chai, C. S. (2010). Asian personal epistemologies and beyond: Overview and some reflections. The Asia-Pacific
Education Researcher, 19(1), 1-6.

Yang, F.-Y., & Tsai, C.-C. (2010). An epistemic framework for scientific reasoning in informal contexts. In L. D. Bendixen & F.
C. Feucht (Eds.), Personal epistemology in the classroom: Theory, research and implications for practice (pp. 124-162).
Cambridge, UK: Cambridge University Press.

Zhang, J., Hong, H.-Y., Scardamalia, M., Teo C. L., & Morle, E. A. (2011). Sustaining knowledge building as a principle-based
innovation at an elementary school. Journal of Learning Sciences, 20(2), 262-307.

90



Stepanyan, K., Littlejohn, A., & Margaryan, A. (2013). Sustainable e-Learning: Toward a Coherent Body of Knowledge.
Educational Technology & Society, 16 (2), 91-102.

Sustainable e-Learning: Toward a Coherent Body of Knowledge

Karen Stepanyanl*, Allison Littlej ohn’ and Anoush Margaryan2
1University of Warwick, Department of Computer Science, Coventry, CV47AL, UK //
’Caledonian Academy, Glasgow Caledonian University, 70 Cowcaddens Road, Glasgow, G40BA, UK //
K.Stepanyan@warwick.ac.uk // Allison.Littlejohn@gcu.ac.uk // Anoush.Margaryan@gcu.ac.uk
*Corresponding author

(Submitted November 01, 2011; Revised March 29, 2012; Accepted June 07, 2012)

ABSTRACT
This paper explores the concept of sustainable e-learning. It outlines a scoping review of the sustainability of e-
learning practice in higher education. Prior to reporting the outcomes of the review, this paper outlines the
rationale for conducting the study. The origins and the meaning of the term “sustainability” are explored, and
prevalent approaches to ensure sustainable e-learning are discussed. The paper maps the domains of the research
area and concludes by suggesting directions for future research that would improve current understanding of key
factors affecting the sustainability of e-learning practice to develop a more coherent body of knowledge.
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Introduction

Many e-learning initiatives fail. Transient as they are, these projects often exhaust the resources and degrade in their
impact—and, therefore, are destined to be unsustainable. The lasting success of e-learning initiatives is a growing
concern for educational institutions that rely on governmental funding or commercial benefits. Austerity measures
have led to a renewed interest in the concepts of sustainability and sustainable practice in e-learning. There is also
renewed interest by educational researchers in finding practical solutions to improve the sustainability of e-learning.
These studies investigate the viability of integrated e-learning services and their cost-effectiveness, aiming to inform
policy and strategic decision making. While many studies in the field of e-learning deal with issues of sustainability,
such as cost-effectiveness and quality management, without explicitly using the term, we propose that
“sustainability” is a useful umbrella concept because it helps bring together diverse terminology and various
strategies addressing a range of interrelated issues in the area of e-learning. This paper provides an overview of
predominant approaches to research on sustainable e-learning and outlines findings of a scoping study (Stepanyan,
Littlejohn, & Margaryan, 2010) funded by the UK Higher Education Academy (HEA) through the “Supporting
Sustainable e-Learning Forum” special interest group (SSeLF SIG). The paper also addresses a gap in the literature
by providing synthesis of the empirical research on sustainable e-learning, outlining prevalent perspectives on the
concept of sustainability, presenting and discussing the outcomes of the scoping study, and suggesting directions for
future research.

Rationale for researching sustainable e-learning

Educational institutions face challenges in ensuring effective teaching and learning in a rapidly changing society.
The education sector is constantly adapting to external drivers, including societal and technological changes, quality
standards, and financial constraints. Information technologies are extending opportunities for learners to learn
outside institutions, transforming conventional views on education (Collins & Halverson, 2010). These
transformations require educational systems to adapt, to meet the needs and expectations of learners and other
stakeholders. Hence, institutions have to anticipate, withstand and, where possible, capitalise on the present and
future waves of change. Consequently, e-learning attracts the attention of educational administrators and policy
makers. However, many e-learning initiatives are not sustained. There is a pressing need to seek explanation to this
phenomenon in the context of the recent funding cuts.

One consequence of the global economic crisis of 2008 is the widespread cuts in government funding (Bates, 2010).
The higher education (HE) sector across Europe is negatively affected, with most European countries reducing HE
funding (EUA, 2010). For example, the UK Government plans to cut HE funding by 40% by 2014—-15 (Morgan,
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2010). Similar patterns can be observed beyond Europe, with comparable reductions in HE sector funding announced
in Australia (Nicol, 2010), the US (Chea, 2009; Toope & Gross, 2010), and Canada (Cunnane, 2010). To deal with
financial austerity, some universities have decided to invest in improving their international reputation, hoping to
attract students and maximise their return on investment (Brown, 2010). International and domestic students alike,
faced with the prospect of paying fees rather than receiving scholarships, are evaluating the value they receive for
their money. Student opinion affects institutional ranking, stimulating universities to improve the quality of their
provision and to enhance their reputation (Baty, 2010). To address some of these challenges universities are
exploring ways to capitalise on emerging technological affordances.

Many institutions have introduced e-learning to improve cost-effectiveness. However, it is unclear whether return on
investment is actually realized. Where return on investment is achieved, does this result in a sustained reduction in
costs or an increase in benefits? Funding agencies increasingly demand guarantees for long-term maintenance of e-
learning projects. Furthermore, sustainability and longevity remain a pressing concern for the users of e-learning
resources and systems (Weibel et al., 2009). Therefore, a sound evidence base on the sustainability of e-learning
practices and their long-term benefits is essential to the future development of universities. Critical reviews of the
evidence around the sustainability of e-learning are vital for strategic decision and policy making. Yet, there is no
literature synthesising the multiple perspectives related to the sustainability of e-learning. Given the gap in the
literature, the need for conducting a review such as a scoping study becomes evident. The methodology of a scoping
study enables synthesising a broad range of existing perspectives and outlining the existing knowledge. This study
aims to provide a baseline in the current understanding of sustainability of e-learning by carrying out a review of
research in this area. It synthesises existing literature that reports key factors affecting the sustainability of e-learning.
The paper outlines a review of a broad range of literature in areas broadly associated with sustainable e-learning.

Methodology and data sources

This study uses a methodology known as a “scoping review” (Davis, Drey, & Gould, 2009). A scoping review is a
broad, comprehensive study of the literature, which is augmented through consultation with key experts with
knowledge of the area (Arksey & O’Malley, 2005). This method allows identification of themes and trends emerging
from diverse bodies of scientific knowledge (Davis et al., 2009; Rumrill, Fitzgerald, & Merchant, 2010). The
methodological foundations of a scoping review allow the synthesis and mapping of a broad empirical knowledge
base into a single realm. The concept of mapping can be described as a process of interpreting and synthesising
qualitative data by sifting and sorting material according to key issues and themes. The purpose of the mapping is to
summarise the evidence uncovered by the review and to identify gaps in knowledge (Levac, Colquhoun, & O’Brien,
2010).

Scoping reviews provide a systematic method for critically appraising disconnected resources, creating an overview
of current knowledge. Scoping reviews are conceptually different from systematic reviews or meta-analyses; Meta-
analyses or systematic reviews are usually restricted to papers that employ specific methodologies. Scoping reviews
are a useful method in situations where systematic reviews are problematic, for example within relatively new areas
such as e-learning, where ideas and evidence are still emerging (op. cit.). A scoping review is particularly useful in
providing an overview of the current knowledge around sustainable e-learning because it brings together the
multitude of perspectives that contribute to this area. However, scoping reviews have some limitations in that they
provide only narrative or descriptive accounts of broad research areas, rather than in-depth analysis. Therefore, the
usefulness of a scoping study is linked to decisions on defining the breadth and depth of the review (Arksey &
O’Malley, 2005). Despite this limitation, scoping reviews provide insight into complex areas, and the output from
the review can be used to focus and refine future studies (Levac et al., 2010). This scoping review identifies and
maps concepts relevant to sustainable e-learning, to provide a baseline for future research studies.

This scoping review is purposefully broad in nature to allow key concepts associated with sustainability to be
mapped against primary sources of evidence. This is not an attempt to systematically review or perform a meta-
analysis of sustainable e-learning. Future studies could adopt alternative methods to provide a more in-depth
understanding of sustainable e-learning. This study aims instead to provide a baseline to inform future developments
in the education sector.
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To ensure a broad, yet systematic approach, this scoping review adopted a five-phase methodological framework
proposed by Arksey and O’Malley (2005). This framework is a useful tool for the analysis, synthesis, and review of
a range of broad, diverse research studies (Davis et al., 2009).

The first phase of the scoping study explored the concept of sustainability and operationalised it within the context of
e-learning. This phase was divided into the following sub-phases:

1. conducting an initial review to gain an overview of the variety of approaches adopted in sustainable e-learning
research

adopting a working definition of the term sustainable e-learning, based on the initial review

compiling a set of key themes common to sustainable e-learning research

compiling a set of search keywords associated with these themes

identifying electronic databases, web services and journals to carry out a literature search

nhwn

The second phase involved an in-depth literature search to identify relevant studies around each of the operational
domains. In the third phase, we defined inclusion and exclusion criteria applied to all the articles sourced through the
literature review. The fourth phase involved data extraction, synthesis, and interpretation of the material. A
spreadsheet summarising all articles that were reviewed was compiled for further analysis. Finally, in the fifth phase,
articles were collated and analysed to abstract key issues and identify gaps in the literature.

The literature search made use of the library services provided via electronic databases available at Brunel University

(which were accessible to the lead author at the time of the review) using the DialogDatastar service. British

Education Index (BEI), Australian Education Index (AUEI), and the Education Resources Information Center (ERIC)
databases were used for literature search. BEI covers over 500 English and European journals and includes over 150

thousand records to journal and conference papers, research reports, and electronic texts (Sheffield, 2005). Finally,

the ERIC database index was used to search key articles (published by Elsevier, Sage, Routledge, and other key

publishers). ERIC is a key database for education literature (Hertzberg & Rudner, 1999). The search was limited to

publications between 2000 and 2010, covering a recent broad body of literature.

The inclusion criteria limited the reviewed papers to a) discussions of issues of sustainable e-learning practice in HE;
b) studies of sustainable strategies and approaches applied and implemented in universities, and finally, c) case
studies and empirical research reporting on issues of (un)sustainable e-learning practice. Papers focusing on
education sectors other then HE, such as primary or secondary education or adult workplace learning, were not
considered. The review includes both peer-reviewed and non-peer-reviewed grey literature. As part of the assessment,
papers published in peer-reviewed journals were prioritized. However, articles from non-peer-reviewed sources were
included when they pointed to new ideas or gaps in the literature. Literature that was not available as full text was
not considered. Key studies referenced within texts were sourced where necessary.

The literature search was conducted in two stages. First, a set of generic keywords—"sustainable e-learning,”
“sustainable online learning,” “sustainable technology enhanced learning,” and “sustainable distance learning”—
were used to explore the literature. The compound results of the queries around 500 papers, which were further
filtered down. The process of initial filtering was based on assessing the title, keywords, and the abstract of the
papers. The resultant papers were assessed against the inclusion criteria. The vast majority of papers did not satisfy
the inclusion criteria reducing the number of papers selected in this initial stage to 15. The review of the selected
papers pointed to a range of variations of research foci. The observed variations suggested extending literature search
by using additional keywords identified from the reviewed literature. The use of additional keywords allowed
consideration of studies that addressed issues of sustainability, without directly referring to the term. Among the
identified keywords were, for example, “cost-effectiveness,” “economies of scale/scope,” “effective/innovative
practice,” “communities of practice,” and “networks,” used along with keywords such as “longitudinal” and “long-
term,” to identify studies focused on continuity over time. These keywords were used to extend the first stage of the
literature search.

EERNT3

The second stage of the literature search focused on empirical works (as defined above by the inclusion criteria [b]
and [c]) that matched the selected set of keywords. In addition to using educational databases, Google Scholar was
used at this stage to enable scoping a greater pool of literature. A Google search purposefully broadened the domain
of literature included in the review. A comprehensive review that covers all research areas associated with each of
the chosen keywords is beyond the scope of this study. Nevertheless, the review was broad and around a thousand
papers were retrieved and assessed.
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To complement the literature search, feedback on the initial drafts of the review and references to other relevant
sources were requested from eleven experts in the field, acknowledged at the end of the paper. As a result, a total of
46 articles that focus either on sustainable e-learning as a main topic or examine individual factors that contribute to
improved sustainability were selected, reviewed, and discussed.

Results and findings
The concept of sustainability

The concept of sustainability spans a number of academic disciplines and is closely associated with environmental
science. Sustainability has been considered from philosophical, historical, economic, political, social, and cultural
perspectives (Becker, Jahn, & Stiess, 1999). Given the large number of perspectives and contexts in which the term
sustainability is used, its meaning varies widely across the literature. Therefore, a clear definition is useful (Brown,
Hanson, Liverman, & Merideth, 1987). Shearman (1990) outlines key factors, framed as key questions, required to
bring about sustainability: Why is sustainability desirable? What form of sustainability is best? How should
sustainability be pursued? An inquiry into the etymological as well as the lexical origins of the term sustainability
provides a clearer understanding of the term.

The term “sustainable” is defined by dictionary references as: “able to be maintained at a certain rate or level”
(Oxford Dictionary of English [Soanes & Stevenson, 2005]). The verb “sustain” is defined (ibid.) as: “cause to
continue for an extended period” or “uphold, affirm, or confirm the justice or validity.” Regardless of the variations
in the definitions of the term, there appears to be a common foundation: a property of continuity over time.

The concept of sustainability is frequently associated with the mandate adopted by the International Union for
Conservation of Nature (IUCN) in 1969 and the United Nations Conference on the Human Environment in
Stockholm in 1972 (Adams, 2006). Since then, sustainability has been discussed and debated across a range of
contexts and from a range of perspectives. The notion of sustainability has penetrated political, economic, and social
agendas and plays a major part in shaping the discourse on sustainable society, economy, energy, agriculture, and
resource use (Brown et al., 1987). Sustainability is often described as the “goals or endpoints of a process called
‘sustainable development’ (Diesendorf, 2000, p. 22). The Brundtland Report (1987, p. 43) defines sustainable
development as “development that meets the needs of the present without compromising the ability of future
generations to meet their own needs.” This definition captures the complexity of the term by integrating a set of
dimensions into a single concept. It appears, therefore, that the concept of sustainability brings together ideas from
multiple disciplines to describe progress in different domains.

Sustainability in the environmental literature

The environmental literature provides insight into the origin, meaning, and development of the term sustainability.
Analogies between educational and ecological systems and the growing interest toward studies of educational
phenomena in their complexity of interrelated factors further justify this line of inquiry (Davis & Sumara, 2006;
Mason, 2008). Léle (1991) views ecological sustainability as a developmental process with three interlocking
dimensions: economic, environmental and social. Mainstream thinking in the area of sustainability employs these
dimensions as the so-called “three pillars” of sustainability (Adams, 2006). Ideas around sustainability are frequently
based around the integration of these pillars into a unified system. As such the instantiation of sustainability is
viewed as a long-term, perpetual process (Kemp, Parto, & Gibson, 2005).

Sustainability in an educational context

Discourse around sustainability in education has developed in two broad directions, focusing on either: a) education
for sustainability or b) sustainability of education. Education for sustainability focuses on environmental
sustainability through educational solutions (Bourn & Shiel, 2009; Dawe, Jucker, & Martin, 2005; Sterling, 2001).
Sustainability of education focuses on the implementation of sustainable forms of “successful” practice through
educational development, leadership, and innovation (Davies & West-Burnham, 2003). Despite these two differing
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foci, the traces of environmental perspectives are evident in both views: sustainability of education and education for
sustainability. Furthermore, sustainable education is commonly used throughout the literature regardless of the focus.
In this paper, sustainability of education is the main focus.

Environmental perspectives on sustainability have diffused into the field of e-learning. A commonly used definition
of sustainability, first outlined in Brundtland’s report, has been adopted within the e-learning context. One example
of this adoption of the term is Robertson’s study, which defines sustainable e-learning as “e-learning that has become
normative in meeting the needs of the present and future” (2008, p. 819). Articles on sustainable e-learning discuss a
number of key factors that offer potential long-term improvements to e-learning practice (Arneberg et al., 2007;
Bates, 2005; Littlejohn, 2003b). Variations of scale are also apparent in the literature, as studies discuss the issues
and implications of sustainability on macro/global (Downes, 2007), meso/institutional (Hope & Guiton, 2005), and
micro/project levels (Grossmanna, Weibela, & Fislerb, 2008).

One definition, by the National Committee of Inquiry into Higher Education emphasises the balance between the
costs and added value of employing technology, defining sustainable e-learning as “the adoption of technology to
maintain teaching quality at reduced unit costs” (2003b, p. 91). Other definitions include the continuity of the
advantageous positions defining sustainability as “the continuation of benefits after project funding has ceased”
(Joyes & Banks, 2009); or similarly as “programmes being offered on a continuous basis and not phased out after a
defined project period or after specific subsidies are terminated” (Arneberg et al., 2007, p. 6). Some definitions place
emphasis on policy. For example, Meyer (2006, p. 1) defines sustainability as “policies and practices that improve
the likelihood that an online educational program will be financially viable.”

Some studies highlight impact and educational quality as an important element of sustainability. For example, the
study by Bates (2005) identifies organisational factors that lead to sustained benefits of e-learning. Bates argues that
an institutional culture geared toward continuous improvement and adopting a positive attitude toward personal
development increases the sustainability of e-learning. Similar views are held by Hope and her colleagues (2005).
However, despite the significance of sustainable e-learning in the literature, no generic framework or model for
sustainable e-learning was identified. This gap in the literature may be explained by the fact that there are few studies
that synthesise the knowledge in the area. This scoping study, and the research that may spawn from it, may
contribute to addressing this gap.

Since this scoping review was exploratory, the study had to take a wide view of the concept of sustainable e-learning.
Despite the diversity of perspectives on sustainable e-learning, “sustainability” is a useful umbrella term that brings
together diverse terminology and various strategies addressing a range of inter-related issues such as effectiveness,
efficiency, or progress in the area of e-learning. Therefore, synthesising reviewed definitions, a broad working
definition of sustainable e-learning was adopted as follows: Sustainability is the property of e-learning practice that
evidently addresses current educational needs and accommodates continuous adaptation to change, without
outrunning its resource base or receding in effectiveness.

Domains and themes of sustainable e-learning

As part of the review, we collected information about the methods, keywords, and descriptions of the included
papers (Stepanyan et al., 2010, Appendix 5, pp. 46—55). A number of themes regularly resurfaced from the articles
reviewed. These themes were identified, coded, and abstracted, through an iterative process. All themes associated
with sustainable e-learning were then inductively categorised and synthesised into a set of broad domains that
capture all these themes. These three domains are: Resource Management, Educational Attainment and, Professional
Development and Innovation. Each of the papers reviewed during this study were mapped against at least one of
these domains, depending on their keywords, main contributions, approach, and primary focus.

Although each domain is distinct, there is overlap across the domains as illustrated in Figure 1. The numbers in each
section of the diagram correspond to the number of papers reviewed and categorised.
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Figure 1. Domains of sustainable e-learning research and numbers of associated papers

These domains illustrate the foci of research in sustainable e-learning as abstracted from the literature. They are akin
to the “three pillars” of sustainable development (Adams, 2006; Robertson, 2008, p. 819). Each domain allows
integration of a range of competing factors influencing sustainable e-learning. The factors were analysed in line with
each of the three domains to abstract common research themes within each domain and to discuss their contribution
to the wider discourse on sustainable e-learning. In the next section we outline and discuss the results and highlight
the potential impact of the studies in relation to sustainable e-learning.

Resource management

The domain of Resource Management focuses on the cost of e-learning. Articles that mapped against this domain
include studies of the strategies and approaches adopted by institutions to improve the effectiveness of human and
other resources. Resource Management studies examined cost-effectiveness, efficiency gains, and economies of scale
and scope. The emerging themes included models and frameworks for resource management, cost-effectiveness of
distance and blended learning, Open Educational Resources (OERs), and reusable learning materials.

Costs were considered in relation to strategic targets, for example, the quality of teaching/learning, the numbers of
students, or technological and pedagogical innovation. Amongst the models proposed for improving the productivity
and cost-effectiveness of HEIs is Molenda’s (2009) systems theory approach that rationally divides teaching and
learning tasks. Nicol and Coen (2003) and Laurillard (2007) suggest more complex models to evaluate the benefits
and costs of e-learning.

Some studies focussing on fully online e-learning practice (for example, Perraton & Naidu, 2006; Ramage, 2005)
focused on problems with distance learning business models. Ramage (2005) focused on return on investment,
identifying that 83% of the considered institutions were not cost-efficient. The more successful institutions recorded
a return-on-investment of only 15%. Other studies examined reducing staff workload as a strategy to improve
resource management. For example D. Nicol and Draper (2009) examined the redesign of course assessments to
improve learning outcomes and reduce staff workload. Similarly, Loewenberger and Bull (2003) examined reusable
question banks as a means of reducing staff time on assessment.

Another approach to reducing staff workload is reusing, rather than recreating, educational resources, to produce a
so-called economy of scale of reusable resources (Littlejohn, 2003a). There are many studies and initiatives on Open
Educational Resources (OERs) in the literature. Although OERs offer potential for cost-effectiveness, there is little
empirical evidence on actual cost savings, due to systemic difficulties in calculating return on investment in
universities (Friesen, 2009; Geser, 2007). An active “movement” has formed around developing and managing OERs,
the Open Educational Resources Movement (D’ Antoni, 2009). Business models are being developed to capitalise on
the collaborative creation of content by large numbers of users (Bruns, 2006). However, tensions and contradictions
exist between the release of resources within communities of practice and “open release,” which releases content to
anyone who wishes to use it. This has been identified as a major barrier to the future development, release, and reuse
of OERs (McGill, Beetham, Falconer, & Littlejohn, 2011). The potential of OERs to improve the sustainability of e-
learning is significant, however reviewing this growing domain in depth is beyond the scope of this paper.
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Educational attainment

Educational Attainment is another domain abstracted from the literature on sustainable e-learning. Discussions
around Educational Attainment focus on measures of student achievement, retention rates, skill acquisition, and
personal development. Emerging themes include evidence of benefits, perceptions of quality, usability of new
technologies, and student performance.

Benefits rather than costs of e-learning are often considered. For example, Dyson and colleagues (2009) claim that
mobile technologies offer affordable and effective solutions for mainstream teaching and learning. They identify the
benefits of mobile learning as mobile-supported fieldwork, stimulation of interactivity in large lectures with mobile
technology, use of mobile devices for learning about mobile technology, and use of podcasting. They claim that
mobile technologies offer affordable and effective solutions that can be adopted for teaching and learning on a wider
scale. Comprehensive assessment of the sustainability of mobile technologies, however, requires longitudinal studies,
of which few exist.

Another group of studies focused on the benefits of using information technologies for teaching and learning (Clark,
2001; Means, Toyama, Murphy, Bakia, & Jones, 2009). Bernard et al. (2004) argued that the quality of course design
is more important than the medium of learning. Two further studies, based on questionnaire data, focused on
individual factors of successful educational practice, such as student retention (Levy, 2007) and student satisfaction
(Lee, Yoon, & Lee, 2009). A key message emerging from this domain is that studies that prioritise sustained benefits
rarely or only indirectly consider the associated costs of maintaining or improving effectiveness of e-learning
practices.

Professional development and innovation

Some studies view sustainability as a commitment to continuous improvement and adaptation to a constantly
changing environment. This perspective is evident in the third broad domain described as Professional Development
and Innovation. Articles mapped within in this domain focused on strategies for adapting to change. Emerging
themes within the domain include teacher training and development, institutional transformation, and educational
leadership.

Restructuring educational institutions to adapt to the external constraints is viewed as important for sustainability.
For example, a study by Gunn (2010) emphasised the importance of institutional restructuring, not just physically,
but culturally as well through introduction of supportive organisational structures and adoption of a shared vision
(ibid.). Similarly, e-learning policies (De Freitas & Oliver, 2005) and educational leadership (Garrison & Akyol,
2009) are considered important for institutional change, with key stakeholders (e.g., teachers and learning
technologists) central to driving forward improvements in e-learning practice (ibid).

Despite limitations of formal training programmes, faculty development is seen as important to successful and
sustainable applications of e-learning (Rovai & Downey, 2009). Lefoe et al. (2009) report the need for
comprehensive faculty development and support programmes and offer a set of strategies that include developing
shared understanding of philosophies and technological affordances; encouraging active practice; continuous
reflection; and development of shared vocabularies. However, teacher training is not the only way of improving
faculty expertise. Another approach is through communities of practice or professional networks.

There is a growing body of literature on strategies for developing and sustaining communities of practice (Russell,
2009). Professional networks have a less cohesive structure and different power dynamic compared to communities
of practice. These networks can induce a qualitatively different form of professional development. The ubiquity of
social platforms and readily available networking tools allowed Brouns and colleagues (2009) to explore perceptions
of academic staff of their use of social network platforms for professional development. In summary, the literature on
Professional Development and Innovation highlights the role of educational leadership and teaching staff in
implementing sustainable e-learning.
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Discussion and conclusions

This scoping study enabled initial mapping of the area of sustainable e-learning, highlighting the differences and
limitations of the reviewed literature. By categorising and synthesising a selection of the current literature, the paper
enables commenting on the state-of-the-art of sustainable e-learning research. This section outlines a number of
broad observations arising from the scoping study.

First, the literature contains a number of studies that discuss Resource Management as part of sustainable e-learning.
If educational research is to contribute to societal wellbeing, it should be grounded within current social, political and
philosophical changes (Biesta, 2009). Reeves et al. (2005) call for “socially responsible” research, through which
researchers position their work in relation to society as a whole. Yet, most research into the sustainability of e-
learning practice is not framed within fundamental societal issues related to education. When sustainability is
considered in a constricted way, for example by examining financial viability and return on investment without
consideration of wider issues, contributions to the wider debate of public good may be limited or even distorted. This
imbalance constrains the evaluation and questioning of educational practices.

Second, cultural and societal changes are challenging traditional educational practices. Institutions are being forced
to adapt to ongoing change; harnessing the power of technology is an important step (Collins & Halverson, 2010).
Thus, sustainable e-learning cannot be explored without consideration of the rapid and continual development of
digital technologies. Technological affordances open up new, ubiquitous opportunities for people to learn in a
number of ways using a variety of approaches. We identified a gap in the literature in relating educational attainment
to technological change (within the Professional Development and Innovation domain). In other words, the
knowledge base to support effective implementation is dispersed across a number of domains. The integration of key
relevant research elements into a coherent body may lead to more effective adaptation within institutions.

Third, the inquiry into origins of the term sustainability and its use within educational literature reveals two
independently developing streams of research, sustainability of education and education for sustainability. While
there are arguments in support of the potential for bridging the gap between sustainable e-learning and wider concept
of sustainability (Hall, 2010; Hopkins, 2009), the research into sustainable e-learning practice develops
independently from that of environmental sustainability.

Fourth, through categorising and recording the methodological foundations of the studies we reviewed, we can
conclude that few studies combine and synthesise empirical work. Meta-analyses or systematic reviews could give
greater insight into Educational Attainment. However, we sourced only two meta-analysis studies within the domain
of Educational Attainment. Consequently, it is difficult to translate and diffuse findings beyond the narrow contexts
in which studies were carried out. Despite this limitation, many studies do try to transfer findings through “best
practice” examples or case studies, when in fact the consequences of a particular e-learning approach is likely to be
different in diverse settings. We found a shortage of long-term studies that explore key factors for sustainability and
to distinguish these from short-term benefits. Furthermore, studies in Educational Attainment that rely on
questionnaire data when analysing technology adoption tend to overlook the critical changes in mindset or culture
that underpin successful adoption of e-learning (Collis & Moonen, 2008). A recommendation is to conduct long-term
research studies.

Fifth, the distribution of the papers identified during the literature search across the domains (see Figure 1) suggests
that few studies examine the tensions between the concepts of cost-efficiency, effective pedagogy, and continuous
innovative practice. There are a limited number of studies on strategic approaches that reduce costs and improve the
effectiveness of teaching. Future research must investigate the trade-offs. There are noticeable differences in the
priorities within empirical studies, such as example costs versus benefits, or preferences such as teacher training
versus opportunities to network. Improved understanding of these tensions, aligned with better insight into multiple
stakeholder perspectives, could provide better pointers toward future e-learning sustainability.

Sixth, taking into account the balance of the studies sourced through this review, there is scope for developing
sustainable business models for higher education, based on e-learning approaches. Few projects or initiatives have
explored new business models (Nicol & Coen, 2003; Nicol & Draper, 2009). Interest in finding new ways of
generating revenue and attaining return on investment has increased in the current period of austerity (Crossick,
2010). These business models range from reducing the time period of the degree, changing the costs/benefits of
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conventional teaching approaches, to introducing radically new business models, such as Massive Open Online
Courses (MOOCS), or drawing upon networks and collectives (Dron & Anderson, 2007). Research on the creation
and release of OER is examining actual, rather than perceived, benefits around the release of resources, providing a
more realistic view of return on investment (McGill et al., 2011). Investigation of these business models is important
in ensuring return on investment is achieved, either through reduced costs or increased benefits to learners or
institutions.

In summary, this scoping review identified significant gaps in the literature. The gaps were identified by assessing
the limitations of reviewed papers and discussing future work. Within the Resource Management domain, gaps
include the following:

» meta-analysis of e-learning costs (these have been restricted due to lack of available data)

» empirical research on economies of scope

» long-term longitudinal analysis on the effects of reducing costs

» empirical research on cost-effectiveness of OER

The Educational Attainment domain would benefit from further research in the following:

» student/teacher mindset toward e-learning and its change

» improvement of learning outcomes and retention rates without substantial increases in costs

» Dbenefits of employing new technologies such as mobile devices or podcasting. Professional Development and
Innovation would benefit from

» long-term analysis of leadership impact on change

» long-term analysis of faculty development on change

Overall, research on new business models for higher education, costs, and benefits, focusing on return on investment,
are vital for future sustainable e-learning.

The major limitation of this study is the limited number of articles reviewed in comparison with the wide range of
literature related to sustainable e-learning. However, this study provides a starting point and this future studies can
build on these findings, adopting other methods (systematic reviews or meta-analyses) to allow in-depth analyses.
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ABSTRACT

One goal of e-learning is to enhance the interoperability and reusability of learning resources. However, current e-
learning systems do little to adequately support this. In order to achieve this aim, the first step is to consider how
to assist instructors in re-organizing the existing learning objects. However, when instructors are dealing with a
large number of existing learning objects, manually re-organizing them into appropriate teaching materials is very
laborious. Furthermore, in order to organize well-structured teaching materials, the instructors also have to take
more than one factor or criterion into account simultaneously. To cope with this problem, this study develops a
wiki-based teaching material development environment by employing enhanced particle swarm optimization and
wiki techniques to enable instructors to create and revise teaching materials. The results demonstrated that the
proposed approach is efficient and effective in forming custom-made teaching materials by organizing existing
and relevant learning objects that satisfy specific requirements. Finally, a questionnaire and interviews were used
to investigate teachers’ perceptions of the effectiveness of the environment. The results revealed that most of the
teachers accepted the quality of the teaching material development results and appreciated the proposed
environment.

Keywords
Particle swarm optimization, Wiki-based revision, Material design

Introduction

Over the last decade, e-learning has become widely applied in the educational domain. A major aim of e-learning is
to increase interoperability and reusability of learning objects. Thanks to the establishment of various standards such
as IEEE Learning Object Metadata (LOM) and Sharable Content Object Reference Model (SCORM), several
authoring tools have been developed to assist instructors in producing and packaging learning objects with metadata
that are compliant with the standards to enhance the interoperability. For example, in 2005, Garcia and Garcia
complied with LOM to propose an authoring tool, namely HyCo, to facilitate the composition of hypertext, which
are stored as semantic learning objects in a backend database (Garcia & Garcia, 2005). Furthermore, Wang et al.
(2007) designed a rich-client authoring environment for creating learning contents that are compatible with various
e-learning standards without redundant efforts. Additionally, Kuo and Huang (2009) presented an authoring tool that
can produce adaptable learning content to support both e-learning and m-learning, complying with SCORM standard.
Although the above approaches significantly enhanced the interoperability of the learning objects, the support of the
reusability for such learning objects is not enough.

In fact, teachers often have to design and produce individual teaching materials for specific subject matter by
themselves. Moreover, a typical approach to content design consists of five stages, known as ADDIE (ADDIE, 2004),
short for analysis, design, develop, implement, and evaluate, and this process requires that teachers spend a
considerable amount of time and effort. Furthermore, such costs obviously increase unnecessarily when different
individuals are working to develop similar teaching materials for the same course units simultaneously. Therefore, e-
learning materials could be very useful resources for further education, because instructors can reuse existing
learning objects to re-produce specific teaching materials more efficiently and effectively for different contexts.

As mentioned above, in order to solve this we first have to consider how to assist instructors in assembling such
materials, and one problem with this is the huge amount of learning objects that may need to be considered.
Furthermore, in order to form well-structured teaching materials, instructors also have to take more than one factor or
criterion into account simultaneously, adding to their already challenging workload. Although previous studies have
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applied query expansion techniques to address the first problem, they do not take multi-criteria into account to fit the
real-world situation (Jou & Liu, 2011; Shih, Tseng, & Yang, 2008).

Bearing this in mind, this study aims to develop a rapid prototyping approach by employing particle swarm
optimization (PSO) with multi-criteria to accelerate the development of drafts of teaching materials, as well as
utilizing wiki-based techniques to enhance the revision quality of the materials thus produced. The ultimate aim of
the study is to reduce the time, effort, and cost associated with the development of high-quality teaching materials.

Background and related work
Particle swarm optimization

PSO is a population-based optimization algorithm. Kennedy and Eberhart proposed the algorithm in 1995, inspired
by the social behaviors of fish schooling and bird flocking, because they thought swarm intelligence could increase
both the speed and the success rate for certain processes (Kennedy & Eberhart, 1995).

To carry out the PSO, each investigator has to formulate a fitness function according to the requirements of different
optimization problems. Following this, a swarm of particles is generated and then distributed over a problem space,
where each particle represents a potential solution to the optimization problem and is able to “remember” its own
past status. During the optimization process, the PSO algorithm quantifies the location of each particle through the
fitness function, and then utilizes the velocity function to produce the next generation until the process is terminated.
Simultaneously, each particle can keep track of its own coordinates in the N-dimensional problem space that are
related to the optimal solution it has achieved so far.

The velocity function consists of two models, cognition-only and social-only, which are both composed of two main
parameters, called personal best location (PBest) and global best location (GBest). The formulas of the velocity
function are described in the following paragraphs.

Cognition-only model

Vid:Vid+Clxrand()x(})id_Xid) @)

Social-only model

Vid:Vid""sz”and()x(Pgd_Xid) 2

Where V4 is the velocity vector of the ith particle in d dimension of the problem space, P;; is the personal best
position vector of the particle in d dimension, Py is the global best position vector of the particle in d dimension, X4

is the current position vector of the ith particle in d dimension, C1 is the personal cognitive learning rate, Cy is the
social learning rate, and rand() is a random real number in [0,1].

As the velocity function relies on the social-only and cognition-only models, the following formula specifies the
complete velocity function, which combines Equation (1) with Equation (2).

V(e +1)=7,(e)+C xrand()x(B, - X,,(t)+ C, xrand ) x(P,, — X, (¢)) 3)

Each particle’s velocity and direction are evaluated by Equation (3), and its current position is updated through
Equation (4).
X, (e+1)=X,()+V,(t+1) 4)

1

In addition, Kennedy and Eberhart further presented a discrete binary version for the PSO algorithm in 1997
(Kennedy & Eberhart, 1997), and this is used for combinational optimization, where each particle is structured by a
binary vector of length d. Moreover, the velocity of a particle is represented by the probability that a decision
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variable will take the value 1 to update each particle’s current position. In short, the bit of a particle will be restricted
to zero or one, where each V;, represents the probability of bit X, taking the value 1.

Wiki technology

The concept of wiki was first proposed by Ward Cunningham in 1995, who used the word to name an environment
he developed for co-workers to share specifications and documents for software design.

The specific functionality of a wiki is called open editing, and the inherent characteristics of this mean that such
systems can be excellent tools to support group processes and to create knowledge repositories in an online
environment (Leuf & Cunningham, 2001). Moreover, some investigators have suggested that wiki systems can be
useful tools for building communities of practice (Lo, 2009; Shih, Tseng, & Yang, 2008). In recent years, many wiki
sites have been built on the Internet, with the most famous being Wikipedia, an online open-source encyclopedia
(Wikipedia, 2004). In the educational domain, many studies have been inspired by Wikipedia to investigate the
effectiveness of such systems with regard to teaching and learning, as well as to develop practical approaches for
online collaboration (Ebersbach, Glaser, & Heigl, 2006; Wheeler, Yeomans, & Wheeler, 2008).

Problem description

In this study, we propose an enhanced particle swarm optimization (EPSO) method to model a teaching material
generation problem under different assessment criteria, and the EPSO aims at minimizing the differences between
execution results and instructors’ actual requirements. Three indicators are usually considered in the literature with
regard to instructors developing teaching materials (Hofmann, 2004; Shih, Tseng, & Yang, 2008), and thus this study
adopts these as the assessment criteria, namely: the difficulty of the material, the expected lecture time, and the
relevant topics.

In this study, a learning object, in compliance with the IEEE LOM standard, is a digital entity containing a lecture
about a particular topic. With regard to the difficulty and lecture time, IEEE LOM has defined two elements, namely
difficulty and typical learning time, to describe these (IEEE, 2002). A five-rating scheme is used to describe the
difficulty of learning objects from very easy to very difficult, while the typical time required to learn an object is
obtained using an open text field that developers can enter their own responses in. According to these two elements,
educators can obtain both the desired difficulty and lecture time of the learning objects, and thus better plan their
courses. Generally, the difficulty and time required to learn a learning object can be determined by domain experts,
but this is a time-consuming task. To cope with this problem, several studies have proposed automatic metadata
generation approaches (Meire, Ochoa, & Duval, 2007; Motolet, & Baloian, 2007). Furthermore, with regard to topic
relevance, several researchers have proposed various approaches that can help teachers to relate learning objects and
topics (Hwang, 2003; Jong, Lin, Wu, & Chan, 2004), and educators can obtain this information in different ways,
based on their specific requirements. Therefore, this study assumes that such information is already available when it
works on the teaching material generation problem.

More specifically, assume there is a learning object repository (LOR) consisting of n learning objects, O;, O,,...,
0, ..., O,. An instructor requires a teaching material which aims at k topics, 7}, T5, ..., T, ..., T}, and the lecture time is
expected to range from / seconds to u seconds. Moreover, suppose the instructor requires the teaching material with a
specific difficulty degree, D. Therefore, to organize the teaching material, ¢ learning objects will be selected from the
LOR. Furthermore, each learning object selected cannot be repeated in the final combinational result and is relevant
to one or more of the specified topics. Naturally, the ¢ learning objects are a subset of the n learning objects, cen.
The variables used in this model are given as follows:

n, the number of learning objects in the learning object repository

k, the number of topics to be provided by the teaching material

¢, the number of learning objects to be selected to organize a draft of the teaching material

O, 1<i<n, the i" learning object in the learning object repository which consists of 1 learning objects

T,, 1< x <k, the x” topic to be provided by the teaching material which aims at k topics

s;, 1<i<n,s;is 1 if the O; is organized in the draft of the teaching material, 0, otherwise

D, 0< D <1, the target degree of difficulty for the draft generated

VVYVYVY
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d, 1<i<n, 0<d, <1, the degree of difficulty of O;

>  re 1<i<n, 1<x<k,the degree of association between the learning object O, and topic T,. r;, is 1 if the O, is
relevant to 7, 0, otherwise

» e, 1<i<n,the expected lecture time needed for O;

» [, the lower bound of the expected lecture time needed for the teaching material

»  u, the upper bound of the expected lecture time needed for the teaching material

The formal definition of EPSO is as follows:

Minimize Z(Py)=f+ C; + C, + C; &)
The Equation (5) is a fitness function designed for addressing this problem. The aim of this
function is to minimize the difference between the learning objects selected by EPSO and the
target assigned by instructors on each assessment criterion.

isidi
N
28
i=1

f indicates the difference in difficulty between the selected learning objects and the target. This formula first
computes the average difficulty of the selected learning objects and then further measures the difference between the
average and target difficulties.

Z Sz ix
(7

k

-D (6)

i_

C =

C represents the degree of relevance between the selected learning objects and assigned topics. The function is used
to compute the average relevance degree of the selected learning objects with regard to the k-assigned topics.
Moreover, in order to satisfy the fitness function, a reverse computation is designed to obtain the minimized value in
this function.

C, max(mm(l ZSI ,’J j (®)
i=1

C = ma){min(i 58, — u,l),OJ )

i=1

C, and C; indicate that the expected lecture time needed for the selected learning objects is outside the specified
lower or upper bounds. The two functions can sum up the expected lecture time of the selected learning objects and
then compute the difference with the lower and upper bounds. If the expected lecture time of the selected learning
objects is satisfied the lower and upper bounds respectively, the results of the two functions would be minimized.

As mentioned previously, Z(P,) is the fitness function which consists of four assessment criteria to solve the teaching
material generation problem. Since the discrete binary version of PSO is adopted in this study for combination
optimization, all decision variables of the teaching material generation problem take binary values (either 0 or 1). To
satlsfy this, a partlcle can be represented by P,; = [s,s;...5;...5,], which is a vector of 7 binary bits, where P, ; indicates
the i” bit of the y” particle, s; is equivalent 1 1f the learning object O; is organized in the draft of the teachlng material,
and 0 otherwise.

In addition, the velocity function is also a vital part of EPSO. According to the discrete version of PSO, a logistic
transformation S(v, ;) is used to update the velocity and position of each particle, and it is used as the probability
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scale in [0.0, 1.0] to determine which particle bit will have the value of 1. In this study, we apply the sigmoid
function to transform velocities into probability, as follows:

1
slo,)= 1+ (10)

Wiki-based teaching material development environment

The wiki-based teaching material development environment is a web-based system that is integrated with a LMS
named ANTS (Agent-based Navigational Training System) to facilitate the teaching material generation process
(Jeng, Huang, Kuo, Chen, & Chu, 2005; Lin, Lin, Huang, 2011). In order to describe the system in detail, this section
will be organized into two sub-sections to depict the architecture of the system and the procedures of content
development.

Architecture

Figure 1 shows the architecture of the wiki-based teaching material development environment that consists of four

components, which are described below.

»  Learning object repository. The contents of learning object repository are organized based on information about
the learning objects. This consists of several pieces of information, such as the title, description, keywords,
difficulty, lecture time, and so on. Each learning object can be defined or associated with different topics
according to these.

»  Teaching material generation module. The module is used to organize a tailor-made draft of teaching materials
for each instructor based on specific requirements by measuring the fitness and velocity functions.

»  Wiki-based revision site. The site was developed to allow instructors to revise drafts collaboratively.
Inappropriate teaching materials would thus be revised until they are reliable.

»  Instructor interface. The wiki-based teaching material development environment provides user-friendly
interfaces for instructors who can administer the entire process through them.

8888
Ins@t/nr %mai@x 99

Revise Draft . .
Invite Domain
Experts

Set Requirements Revise Draft

' N
\ 4 L 4
Teaching Material Wiki-based Revision Site
Generation Module
4
Draft of Teaching
Material
v
Learning Object
Repository

. /

Figure 1. Architecture of Wiki-based teaching material development environment.
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Procedure

Figure 2 schematically depicts the flow path of the complete system. The proposed approach is composed of three
main phases, which will be described in detail in the following paragraphs.
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Figure 2. Logical system flow of wiki-based teaching material development environment

Phase 1. Requirement verification

This phase requires instructors to specify the relevant requirements for a teaching material, which include & topics 77,
T, ..., T, ..., Ty, the target difficulty level D, the lower bound lecture time, /, and the upper-bound lecture time, u, as

shown in Figure 3.
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Figure 3. Screenshot of the parameter-setting interface

To retrieve and re-combine relevant learning objects from LOR, an initial swarm is generated by the teaching
material generation module. Because the module can obtain the expected lecture time for each learning object from
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the LOR, the number of selected learning objects in any particle can be bounded in an integrity rule,
[l/max{ei}, u/ min{e;}], during the generation of the initial swarm. Moreover, to obtain a quality initial swarm, a
i=l~n i=l~n

selection rule is developed that can give higher selection probability to the learning objects that have difficulty levels
closer to the target. Formally, the selection rule is defined as (S -|d; - D|)/S , where d; is the degree of difficulty of

learning object O; and S is a constant.

After initiating the particle swarm, the module applies Equation 5 to measure the quality of each particle and then
conducts particle iterations. In order to make sure that the best particle in each iteration survives, the elitist concept
of the genetic algorithm (GA) has been incorporated into EPSO (Lin, Huang, & Cheng, 2010). If the best particle of
the present iteration is worse than that of the previous iteration, the latter would replace the worst particle of the
present iteration. By using Equation 10, each particle can update its velocity and position. Until the iteration
terminates, the draft is displayed in a web-based interface and the instructor can check the results based on her or his
own expertise, as shown in Figure 4. If the instructor is unsatisfied with the results, then she or he can require the
module to produce another draft of the teaching material or revise the draft in the wiki-based revision site, as shown
in Figure 5.
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Figure 4. Screenshot of the draft generation interface
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Figure 5. The draft of the teaching material
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Phase 3. Wiki-based revision

Through the wiki-based revision site, the instructor can collaboratively improve the draft with peers or domain
experts. Finally, the revised draft can be a formal version for use by instructors and learners, as shown in Figure 6.
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Figure 6. The final version of the teaching material

Experiments

The performance of the proposed approach is analyzed according to a series of experiments. First, we demonstrate
that EPSO can adequately deal with the teaching material generation problem. Second, we analyze the robustness of
EPSO against the variance between repeated runs and different problem scenarios. Third, we evaluate whether the
wiki-based revision site can really help teachers to revise draft teaching materials. Finally, we investigate teachers’
perceptions with regard to using the system.

Experiment settings

To analyze the comparative performance with other competing algorithms, nine simulation datasets were generated
by varying the parameters. Table 1 shows the features of each dataset.

Table 1. Description of the experimental datasets

Dataset Number of learning Average Difficulty (ranging Average expected lecture time for each
objects from 0 to 1) learning object (seconds)
1 15 4.933 1078.333
2 20 4.050 953.500
3 50 5.100 1079.300
4 100 4310 1095.970
5 300 4.963 1061.410
6 500 4.758 1090.926
7 1000 4.971 1072.026
8 1500 5.047 1123.973
9 2000 5.012 1101.681

Before conducting the experiments, we repeatedly ran EPSO with various values for the number of particles (P) and
the maximal number of generations (G), as shown in Table 2, in order to obtain the best performance of EPSO. The
results are tabulated in Table 3. Considering the computational time and optimal fitness value, the results indicate
that the best performance of EPSO is when administering up to 10 generations with 20 particles, where the
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computational time (6.671 seconds) required is only longer than that needed for 10 generations with 10 particles, and
the fitness value (0.045) obtained is the second best among all trials. Therefore, in the following experiments, EPSO
is set with 20 particles and 10 generations.

Table 2. Combination of various values of P and G

P G

10 10, 50, 100, 200, 300, 400, 500
20 10, 50, 100, 200, 300, 400, 500
30 10, 50, 100, 200, 300, 400, 500

Table 3. Computational times and the fitness values derived from EPSO with various values of P and G

P=10 P=20 P=30

G t (sec) f t (sec) f t (sec) f

10 4.922 0.139 6.671 0.045 9.687 0.108
50 21.969 0.092 33.234 0.089 43.890 0.105
100 38.250 0.059 65.796 0.043 82.906 0.068
200 73.781 0.085 131.734 0.084 156.625 0.073
300 107.172 0.093 182.437 0.077 234.690 0.082
400 139.094 0.086 249.233 0.081 301.509. 0.052
500 198.641 0.103 321.057 0.094 392.052 0.065

Evaluation of EPSO performance

In this experiment, we evaluated EPSO by comparing its performance with those of three competing algorithms:

non-enhanced particle swarm optimization (NEPSO), random method (RM), and exhaustive method (EM), using the

nine simulation datasets tabulated above. The characteristics of the four competing algorithms are explained below.

»  EPSO: The characteristics of EPSO are described in detail in earlier sections. In particular, all of EPSO trials
are conducted with 20 particles and 10 generations according to the preliminary analytical results.

» NEPSO: NEPSO generates teaching materials by selecting learning objects randomly to meet all of the
requirements, and discards the elitist mechanism of the genetic algorithm during the process determining PBest
and GBest. As with EPSO, to obtain the best performance, we repeatedly run NEPSO with various values for
the number of particles and the maximal number of generations, as shown in Table 2. The results indicate that
the best performance of NEPSO is when administering up to 10 generations with 20 particles, where the
computational time (5.582 seconds) required is only longer than that needed for 10 generations with 10
particles, and the fitness value (0.103) obtained is the second best among all trials. Therefore, NEPSO also uses
20 particles and 10 generations in all runs.

»  EM: The characteristic of EM is that it guarantees to find out the optimal fitness value in each run because it
exhaustively explores all possible solutions to the teaching material generation problem.

»  RM: RM merely generates candidate solutions to the teaching material generation problem, rather than compute
all possible solutions. Therefore, the optimality of the final solution is not guaranteed.

Since EPSO, NEPSO, and RM are stochastic-based methods, the performances of the three approaches were
assessed according to the average of 10 runs on the nine datasets. In addition, the exhaustive method was run once so
that it could enumerate all possible solutions. In order to conduct the performance experiment, we used the four
programs to organize teaching material from the nine simulation datasets. The teaching material aimed at three topics,
the target degree of difficulty was set at 0.6, and the expected lecture time ranged from 90 to 120 minutes.

Since EM is guaranteed to obtain the true optimal fitness value, we can evaluate the quality of solutions derived from
EPSO, NEPSO, and RM by examining the differences between the four methods. As shown in Table 4, the fitness
values derived from EPSO are very close to those produced by EM for the four smallest problems. However, the
results also show that EM can only tackle the four smallest problems within a reasonable time. For the other large-
scale cases, the computational time needed by EM would grow exponentially with the problem size. Although the
computational time required by EPSO also increases with problem size, the rate of increase is relatively low.
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Table 4. Comparison of the performances of EPSO, NEPSO, RM, and EM (with five particles and different numbers

of iterations)
n EPSO NEPSO RM EM
t (sec) f t (sec) f t (sec) f t (sec) f

15 0.702 0.043 0.609 0.113 0.067 0.586 1.343 0.000
20 1.017 0.086 0.913 0.127 0.083 0.755 3.281 0.000
50 4.531 0.092 3.953 0.117 0.217 0.814 85.828 0.000
100 7.684 0.062 6.503 0.120 0.397 0.827 700.547 0.000
300 19.864 0.046 17.103 0.133 1.167 0.789 N/A

500 33.880 0.058 29.265 0.152 1.935 0.830 N/A

1000 68.316 0.085 61.540 0.127 3.873 0.795 N/A

1500 108.041 0.068 96.027 0.168 5.854 0.823 N/A

2000 143.231 0.064 128.068 0.150 8.634 0.816 N/A

We then compared the performance of EPSO with that of RM. With regard to the computational time, the amount
needed by RM is rarely affected by the factors used and always remains acceptable in practice. In contrast, the
computational time required by EPSO is affected with the number of learning objects. Nevertheless, even though
EPSO needs a little more time than RM in all cases, the quality of the final solutions it finds is significantly better.
As for EPSO and NEPSO, the results of their comparison provide evidence as to the effects of the integrity rule,
selection rule, and elitist mechanism on the solutions. As shown in Table 4, approximate solutions to all of the
datasets can be obtained in a reasonable time, from 0.609 seconds to 143.231 seconds. However, the solution quality
derived from EPSO is better than that with NEPSO, especially as the size of the datasets increases.

Figure 7 shows the variations with regard to the fitness values obtained by EPSO, NEPSO, and RM as the number of
learning objects increases. The result shows that the fitness value increases as the problem size becomes larger for
NEPSO and RM. Nevertheless, the rate of increase for the fitness value obtained by NEPSO is less than that for RM.
In addition, the fitness values are of a relatively smaller magnitude for EPSO in all cases.
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Figure 7. Variations in the optimal fitness value derived by EPSO, NEPSO, and RM as the number of learning
objects increases

To summarize the performance experiment, EPSO can meet the requirements of most real-world applications for
rapidly organizing teaching materials efficiently and effectively. Moreover, the initial rules (integrity and selection
rules) and elitist mechanism are useful in aiding EPSO to deliver better solution quality.

Evaluation of EPSO robustness

The robustness is evaluated from two aspects. First, we evaluate the three methods with different numbers of
learning objects. Second, we evaluate the standard deviation of the optimal fitness values obtained by the three
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algorithms for different numbers of topics. In order to conduct the two evaluations, the three stochastic methods were
run 10 times each and the standard deviation of the fitness value was computed over the 10 runs.

Figure 8 and Figure 9 show the variations of standard deviation of the optimal fitness values derived from EPSO,
NEPSO, and RM, with different numbers of learning objects and topics. In the two evaluations, the standard
deviations of EPSO are smaller than those of NEPSO and RM. The results demonstrate that EPSO is the most
suitable and reliable method.
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Figure 8. Variations in standard deviation of the optimal fitness values derived by EPSO, NEPSO, and RM
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Figure 9. Variations in the standard deviation of the optimal fitness values derived by EPSO, NEPSO, and RM

Evaluation of the wiki-based revision approach

This experiment is to evaluate whether the revision time required for the teaching materials using the wiki-based
revision site is shorter than without the proposed approach. Therefore, in this experiment a treatment group (using
the wiki-based revision site) and a control group (not using the wiki-based revision site) were organized to
investigate the effectiveness of the proposed function. The participants were 24 data structure course teachers,
including 16 lecturers and eight professors. The average age of the teachers was 34. In the experiment, the 24
teachers were randomly divided into two groups of 12, each with eight lecturers and four professors. One group
served as the experimental group, which had the wiki-based revision site to use throughout the revision process. The
other served as the control group, working without the aid of the site, and thus they could only revise the teaching
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materials manually by working alone. In contrast, teachers in the experimental group were able to form a wiki
community to revise the materials with their peers or domain experts. All the participants were assigned the same
teaching material formed by EPSO. The teaching material consisted of four learning objects that were selected from
20 learning objects. The parameters of each learning object were determined by a panel of experts. In addition, all
the participants were provided with an Internet-enabled environment that meant they could search for information
online while engaging in the revision process. At the end of the revision process, two data sources were used to
evaluate the effectiveness of the proposed approach, including data logs and interviews with the experimental group.

First of all, we analyzed the revision time required by the two groups. As shown in Table 5, an independent ¢-test
was used to examine whether the experimental treatment could really help the teachers to revise the materials more
than the control group at a selected probability level (alpha 0.05 was selected in the analysis). The results reveal that
there was a significant difference in the amount of time required between the two groups.

Table 5. Means, standard deviations, and independent t-test of the two groups in the evaluation study

Variable Mean Std. dev. t-test(22)
Experimental group 46.799 9.739 2.002"
Control group 55.677 11.678 )

Note: n =24 for all measures. P < 0.05

We next analyzed the behaviors of the teachers in the experimental group. A total of 42 comments were posted, and
25 comments were sent as replies to coordinate the process in the 10 teachers’ wiki communities. To clearly present
the data logs, this study synthesized the comments into three main topics with regard to opinion expression, opinion
decision, and information sharing, as illustrated in Table 6.

Table 6. Example comments for the three topics

Inductive topics Sample comments

I thought that before teaching the queue unit, we should teach them the stack concept.

I disagree with this arrangement, because the stack concept has been taught in the previous

Opinion expression chapter. ] ] ] o
I would have preferred more interactions with students in this course.

I felt the concept is difficult to grasp for students, therefore, we should add more examples
to explain the concept.

I found a resource from this hyperlink. I thought that it could help you to complete this
work.

If you need more examples with regard to this concept, you can refer to this book.

The students in the experiment group often gave feedback and asked questions.

Information sharing

o . Do you agree to teach stack unit before teaching queue unit?
Opinion decision L . . .
Do you prefer which instruction strategy to teach this unit?

With regard to opinion expression, most of comments posted and replied to express personal opinions about revising
the teaching materials. Working in this way, the teachers could not only get feedback from their peers, but also be
stimulated to consider and help solve the problems that others were experiencing. By sharing what they know, the
group of teachers using the wiki were able to access more information than would have had been possible had they
been working alone. This assistance enabled them to produce the teaching materials more efficiently and effectively.
However, despite the sharing of opinions and knowledge, sometimes a consensus could not be reached. In such
circumstances, the teachers can use the poll function of the wiki to focus more clearly on an issue. In addition, by
using a poll, some otherwise silent participants can be stimulated to offer their opinions. As mentioned above, we
observed that the wiki-based revision site did indeed act as an effective medium to help the teachers revise the
teaching materials collaboratively.

Finally, we interviewed the teachers in the experimental group to capture their perceptions of using the wiki-based
revision site in more detail. As noted earlier, we found that the comments that were collected came from only 10
teachers’ wiki communities. Therefore, in the interviews we first surveyed the two teachers who did not post any
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comments during the revision process. The two teachers indicated that they could revise the teaching materials by
themselves. Hence, they used the wiki-based revision site alone. We also interviewed the other 10 teachers in the
experimental group who felt that they could revise the teaching materials more efficiently because they could discuss
issues with their peers or experts by posting messages on discussion pages, as shown in Figure 10. Furthermore, we
asked the three teachers about their attitudes with regard to the polls that they used, and they all indicated this
function helped to speed up decisions that needed to be made on a debatable revision, as shown in Figure 11. In
addition, four teachers suggested that the site should integrate a tool to help novice teachers find collaborators and
domain experts, as they felt that this would not be easy for them to do, since they tend to lack the necessary
professional connections.

page discussion edit | + history miove wratch

Talk:Main Page

Discussion: Stack & Queue [edit]

| thought that before teaching queue unit, we should teach them stack concept

Disagree [edit)

| disagree with this arrangement because stack concept has been taught in previous chapter

Resources [edit]

| found a resource from this hyperlink. | thought that can help you to complete this work. [1]&

Figure 10. Screenshot of discussion page
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Talk:Main Page

Poll: Stack & Queue (edi)

Do you agree to teach stack unit before teaching queue unit? o e
:] Yes — 87 %

=|No = %

=] | don't know yetox

Figure 11. Screenshot of poll function

Perceived usefulness of the wiki-based teaching material development environment

In this experiment, the 24 teachers in the above experiment were asked to use the system. The perceived usefulness
scale of the technology acceptance model (TAM) consists of five questionnaire items with a seven-point Likert scale
(Davis, Bagozzi, & Warshaw, 1989), and it was applied to measure the users’ perceptions with regard to the
usefulness of the environment. The Cronbach’s alpha value of the questionnaire items was .8040.

The results shown in Table 7, show that 78.3% of the users were in favor of using the wiki-based teaching material
development environment.
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Table 7. Users’ perceptions of using the wiki-based teaching material development environment

EU QU Neither QL EL (%) Mean

# Question %) %) SU (%) (%) SL (%) (%)

Using the environment
in teaching material
development would
1 enable me to organize 0% 8.3% 4.1% 4.1% 41.6% 20.8% 20.8% 5.25
appropriate learning
objects more
effectively

Using the environment
would improve my
2 performance in 0% 0% 4.1% 25% 37.5% 25.0% 16.6%  5.08
developing teaching
materials

Using the environment
in teaching material
3 development would 0% 0% 4.1% 16.6% 54.1% 12.5% 12.5%  5.13
increase my
productivity

Using the environment
g4 Would makeit easierto o 41%  37.5%  29.1% 125%  12.5%  4.1%  4.96
carry out teaching

material development

I would find the
5 environmentusefulin 0% 0% 16.6% 458% 41.6% 0% 521
teaching material

development

Note. EU: Extremely unlikely; QU: Quite unlikely; SU: Slightly unlikely; SL: Slightly likely; QL: Quite likely; EL:
Extremely likely

Next, the 24 teachers were interviewed to capture their perceptions of using the proposed approach in more detail.
According to the interview results, the majority of teachers indicated that they felt the user interface of the proposed
environment was clear and straightforward. Moreover, they felt that the teaching material development process could
be carried out more easily and efficiently with the proposed approach, and that they had much more time to prepare
the incoming instructions. Additionally, during the development process, the teachers could first think over the
teaching materials. This added period of consideration helped them to prepare a better final product. However, one
fourth of the teachers felt that if the teaching material generation module could provide extra information to explain
the development results, then this could further reduce the development time.

With regard to the use of EPSO, a statistical result revealed that each teacher averagely use EPSO 2.333 times to
obtain suitable results. Two teachers indicated that they could purposely and curiously run EPSO several times to see
what the next result produced by EPSO. By excluding the phenomenon, the average times of using EPSO can be
reduced to 1.916 times per teacher. Therefore, each teacher can spend only several seconds to obtain the suitable
results. In addition, most of the teachers also stated that although the teaching materials developed by EPSO needed
some manual modifications or even re-organization, the results were acceptable because the system had already
saved a lot of time, and the computational time of EPOS is short. Moreover, 17 teachers indicated that the proposed
environment allowed them to manually rearrange the teaching materials, thus enabling the materials to better meet
their requirements. Finally, five teachers hoped that future versions of EPSO could consider the learning sequence of
each learning object in order to further enhance the quality of the output.

As mentioned above, the results of this investigation show that EPSO can assist teachers in organizing teaching
materials and further reduce the development time. Nevertheless, the wiki-based revision site will not always save
time, because it may also need additional revision time, as well as discussions with their community members.
However, this additional time can enable the teachers to produce higher quality teaching materials.
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Conclusions

This paper describes a wiki-based teaching material development environment. By conducting a series of
experiments, we show that the proposed approach can help instructors to develop and revise teaching materials in a
collaborative manner. Although the users felt that the proposed environment could help them to form teaching
materials, there are still some limitations to the proposed approach. First, more information should be provided to
explain the development results, since EPSO cannot help users to automatically refine the developed teaching
materials, in terms of the course sequence, content selection, and so on. Second, multimedia learning objects were
ignored by the proposed approach, as they cannot easily be embedded and edited on the currently available wiki
platforms.

Therefore, the future direction of this study is to continuously refine the proposed approach to support course
sequence function. To address this problem, another element of LOM, namely semantic density, can be adopted to be
a selection criterion of learning objects. Also, more participants with different background knowledge and teaching
experiences will be invited to evaluate the proposed approach. We expect that the proposed approach can assist
novice as well as experienced teachers to develop useful teaching materials rapidly and easily. Additionally,
according to the zone of proximal development, the degree of difficulty of learning objects can be used as an
attribute to develop an intelligent tutoring system based on the knowledge level of learners.
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ABSTRACT

Prior knowledge is a very important part of teaching and learning, as it affects how instructors and students
interact with the learning materials. In general, tests are used to assess students’ prior knowledge. Nevertheless,
conventional testing approaches usually assign only an overall score to each student, and this may mean that
students are unable to understand their own specific weaknesses. To address this problem, previous work has
presented a prior knowledge diagnosis model with a single attribute to assist instructors and students in
diagnosing and strengthening prior knowledge. However, this model neglects the fact that a diagnostic decision
might involve multiple attributes. In order to provide more a precise diagnosis to instructors and students, this
study thus proposes a fuzzy prior knowledge diagnosis model with a multiple attribute decision making
technique for diagnosing and strengthening students’ prior knowledge. The experimental results from an
interdisciplinary bioinformatics course have demonstrated the utility and effectiveness of this innovative
approach.

Keywords
Fuzzy multiple attribute decision making, Prior knowledge diagnosis, Interdisciplinary course, Computer-assisted
testing

Background and objectives

Evaluating and strengthening the prior knowledge of individual students is an important task before teaching and
learning new knowledge or skills, since prior knowledge affects how instructors and students interact with the
learning materials they encounter (Chieu, 2007; Moos & Azevedo, 2008; Ozuru, Dempsey, & McNamara, 2009).
From the perspective of instructors, gaps in the students' prior knowledge often confound their best efforts to deliver
effective instructions (Roschelle, 1995). Moreover, they can also affect how instructors plan their teaching strategies
for new material in order to enhance students’ learning motivation and performance (Biswas, 2007; Tseng, Chu,
Hwang, & Tsai, 2008).

If the students do not have the necessary prior knowledge, then there is a strong risk that they may build new
knowledge on faulty foundations (Dochy, Moerkerke, & Marten, 1996). It can thus be seen that inadequate or
fragmented prior knowledge is an important issue, and if the instructors' expectations of the students’ knowledge are
very different from their actual knowledge, then both teaching and learning are likely to adversely affected (Hailikari,
Katajavouri, & Lindblom-Ylanne, 2008).

To avoid this risk, tests are usually adopted to assess how well students understand a concept or piece of knowledge
(Panjaburee, Hwang, Triampo, & Shih, 2010; Tao, Wu, & Chang, 2008; Treagust, 1988). Nevertheless, conventional
testing systems usually assign only an overall score or grade to students, and thus instructors and students may be
unable to identify which specific concepts or pieces of knowledge are misunderstood, making it difficult to improve
the learning performance of students (Gerber, Grund, & Grote, 2008; Gogoulou, Gouli, Grigoriadou, Samarakou, &
Chinou, 2007; Hwang, Tseng, & Hwang, 2008). To work around this issue, instructors can further analyze the testing
results to determine the students’ learning deficiencies. However, this is a time-consuming task that presents a heavy
workload for instructors, since there are often many students on a course, especially in higher education or e-learning
contexts. Hence, previous work has led to the development of a prior knowledge diagnosis (PKD) model to assist
instructors and students in diagnosing and strengthening prior knowledge before new instruction is undertaken (Lin,
Lin, Huang, 2011).
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Nevertheless, one of the major problems when applying the PKD model is that it only uses correctness rates
answered by students to determine their level of understanding with regard to particular concepts, and diagnoses
based on a single attribute lead to inaccurate results (Hwang, Tseng, & Hwang, 2008). Therefore, it is necessary to
develop a more effective approach to assist instructors in identifying the specific learning problems of individual
students in the context of multiple attributes, and this issue actually matches a traditional computer science problem,
called Multiple Attribute Decision Making (MADM) (Chen & Hwang, 1992). The MAMD problem is to select the
best choice among the previously specified finite number of alternatives (Seel, & Dinter, 1995), with the alternatives
evaluated based on their attributes.

Therefore, this study proposes a Fuzzy Prior Knowledge Diagnostic (FPKD) model by applying the Efficient Fuzzy
Weighted Average (EFWA) technique (Lee & Park, 1997) to assist instructors in diagnosing the level of students’
understanding of prior knowledge, and to provide appropriate feedback to individual students. Based on this model, a
testing and diagnostic system has been implemented, and an experiment on an interdisciplinary bioinformatics course
was conducted to demonstrate the efficacy of the proposed approach.

Fuzzy Prior Knowledge Diagnostic Model

The aim of the FPKD model is to assist instructors in diagnosing students’ prior knowledge with multiple attributes.
Figure 1 shows the hierarchical structure of the decision making problem and its criteria. To realize and diagnose the
knowledge strength of students, instructors usually apply tests and consider the difficulty of the test items, the
relevance of the concept, and the students’ answers (Saleh & Kim, 2009).

As shown in Figurel, each criterion has its rating, r;, which is associated with the measured value of the attribute.
Furthermore, each criterion has been assigned a relative weight, w;, which is used to adjust the weight of each
criterion in relation to the decision goal.

In this study, the relative weight values of the three criteria are adjusted by the instructors according to different

education contexts. Therefore, in order to develop the FPKD model, the ratings of each criterion first have to be
retrieved and measured.

Decision Goal Criteria Alternatives

Difficulty Level

) Full Understanding
Rating = rl :

Relative Weight = wl

Understanding
Goal
g : Relevant Level
The level of student understanding
with regard to the concept Average

Rating = r2

Relative Weight = w2

Synthetic testing result of student T

Misunderstanding

Correctness Rate

Full Misunderstanding

Rating = r3
Relative Weight = w3

Figure 1. The hierarchical structure of the decision problem.
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Analysis of decision attributes

The ratings of each criterion are retrieved from two data sources, the first is the testing information assigned by
teachers, representing an association between each concept and test item, and the relationships among the concepts.
The second is derived from students, which represents an association between their answers and the test items.

Assume that an instructor aims to teach a subject of a course, and the instructor specifies n concepts, C;, C,, Cs,...,
C,,..., C, that are the requisite prior knowledge of the objective subject for » participating students, S;, S5, S;,..., Sp. ..,
S.. Before teaching the subject, the instructor selects & test items, 1, I, I3,..., I;,..., I, from a test item bank to form a

pre-test, with k test items that possibly have different degree of difficulty , D, D,, D;,..., D, ..., Dy.

In addition, each test item is relevant to n concepts, and each concept is possibly related to the others. The % test
items and n concepts in the pre-test can be associated with each other, and the relationships among each concept can
also be associated. After the initial setting of the test items, the instructor then conducts the pre-test to assess the »
students’ levels of understanding with regard to the n concepts using the proposed approach to measure their prior
knowledge.

The test items are coded with a number ranging from one to &k and each test item is relevant to from one to n concepts
in the pre-test. To represent the degree of relevance between each concept and test item, an X-value is used. X
indicates the relevance between the i” concept and the j” test item. If the /” test item is relevant to the i/ concept, Xij
is 1; otherwise Xj; is 0.

The concepts are coded with numbers ranging from one to n and each concept is relevant to from one to n concepts.
To represent the relationships among the concepts, a Z-value is adopted that also ranges from 0 to 1. Z;,, indicates the
relationship between the i” and the m™ concepts, i,m € n .

After the r students have taken the test, their results for each item can be recorded. To represent the relationship
between the students’ answers and test items, an R-value is adopted using a binary coding scheme. R;; indicates the
answer of the /™ student for the j test item. If the student answers the test item correctly, then Ry is 1; otherwise Ry is

0.

Therefore, three assessment functions can be developed to measure the three decision attributes by using the above
testing information. Firstly, based on the D, R, and X values, the highest difficulty level of concept C; answered by
student S; correctly can be measured as:

HDL(S,C,) = max,_., {R,D X, D

1<j<k {

where HDL(S, C;) represents the highest difficulty level of i" concept answered by /" student correctly,

0 < HDL(C,) <1; Ry indicates the answer of the /" student for the j” test item, R, € {0,1} ; D, represents the

«th

difficulty degree of /" test item, 0 < D J <1; and Xj indicates the relevance between the i" concept and the ;" test
item, X, € {0,1} )

Furthermore, based on the R, X and Z values, the relevant level of concept C; answered by student S;correctly can be
measured as:

- ! X .Z.
RL(SI,CI.) = Z];:l le zn Z)‘lcwl(gjlwz ) / zljc:lle 2)
w=1"Wj v=l WV

where RL(S, C;) represents the relevance level of i" concept answered by /™ student correctly, 0 < RL(S . C) <1
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Ry indicates the answer of the I" student on the ™ test item, Rl/ € {0, 1} ; X, indicates the relevance between the i

concept and the /" test item, X y € {0, 1} ; and Z,, indicates the relationship between the i” and the w” concepts.

In addition, based on the R and X values, the correctness rate of student S; with regard to concept C;can be inferred as:

k
Z Jj=1 le Xij
k

j=10

CR(S,C,) = (3)

where CR(S, C,) represents the correctness rate of the /* student with regard to i” concept, 0 < CR(C,)<1;X;
indicates the relevance between the i” concept and the ;" test item, X ;i € {0, l} ; and Ry indicates the answer of the

I" student for the j” test item, R, € {0, l} )

Multiple attribute decision making algorithm of the FPKD model

After the rating measurements of the three criteria, the Efficient Fuzzy Weighted Average (EFWA) technique is used

to produce the FPKD model. The criteria can be synthesized by Equation (4), and the fuzzy average 7 is produced
based on the input criteria.

Z”

- Wwr,

— i=1 Ut

o Z”
-1 i

In the FPKD model, the 7 presents the synthetic testing result of the students with regard to a concept, and it is used
to judge which alternative is appropriate to represent the students’ level of understanding of the concept. Furthermore,
to present the rating and relative weight of each criterion, two fuzzy membership functions are shown in Figure 2 and
Figure 3, respectively. Note that a fuzzy membership function can be used to represent the extent to which a value
from a domain is included in a fuzzy concept, such as “low relevance”, ‘‘high performance”, and so on. In addition,
each fuzzy concept can be represented in a formula form. For instance, the fuzzy concept ‘‘Average” of Rating in
Figure 2 (a triangular curve) can be mapped to the membership function of ‘‘Average” of Rating in Table 1. In this
study, the transformation between the triangular curve and the formula can be by solving the linear equations (Huang,
Kuo, Lin, & Cheng, 2008).

“4)

UR(T)

A Very Poor Poor Average Good Very Good

1

Membership Value

\J

r
0 .1 2 3 4 S 6 g 8 9 1

Rating
Figure 2. The membership functions of rating level.
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1
2
o
-
=
2
=
> W
0 N 2 3 4 S .6 ) 8 9 1
Relative Weight
Figure 3. The membership function of relative weight.
Table 1. The definitions of the membership functions
Category Class Membership function
Full Understandi ) 5a,a€[0,0.2]
nderstandin
H ndersianding 2-5a,a€[0.2,0.4]
Understands 5a-0.75,a€[0.15,0.35]
neeIianang 2.75-5a,a€[0.35,0.55]
: S5a—1.5,a€[0.3,0.5]
Alt t
e Average { 3.5-5a,a€[0.5,0.7]
Misunderstands 5a—-2.25a,a€[0.45,0.65]
isuncersianding 4.26—5a,ae[0.65,0.85]
. 4 5a-3,a€[0.6,0.8]
Full Misunderstanding { 5—54,a€[0.8,1]
Very boor 5r,re[0,0.2]
P 2-5r,r€[0.2,0.4]
P 5r—0.75,r€[0.15,0.35]
oor
2.75-5r,r€[0.35,0.55]
. 5r-1.5,r€[0.3,0.5]
Rating
Average { 3.5-5,r€[0.5,0.7]
Good 5r—2.25,r€[0.45,0.65]
o0 4.26-5r,r€[0.65,0.85]
v 4 57r-3,r€[0.6,0.8]
ety goo 5-5r,r€[0.8,1]
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Verv] ) S5w,wel0,0.2]
ery low | 2-5w,we[0.2,0.4]
. | 5w—0.75,we[0.15,0.35]
) 2.75-5w ,we[0.35,0.55]
. . Sw—1.5,we[0.3,0.5]
Relat ht —
elative weig Average { 3.5-5w,we[0.5,0.7]
ik Sw—2.25,we[0.45,0.65]
18 4.26—5w,we[0.65,0.85]
. _( 5w=3,wel0.6,0.8]
Very high {S—SW,WE[O.S,I]

In the FPKD model, the alternatives are the concept understanding levels, which consist of five levels. The
alternative requiring the highest synthetic testing result with regard to a concept is full understanding, and the lowest
synthetic testing result is full misunderstanding. All the alternatives’ membership functions are shown in Figure 4.

tala)

Full  Misunderstanding  Average  Understanding Full
Misunderstanding Understanding

Membership Value

o

0 | 2 3 4 5 6 by 8 9 1

Relative Weight
Figure 4. The membership functions of the alternatives.

Based on Figures 2, 3, and 4, Table 1 arranges the membership functions of rating levels, relative weights, and
alternatives. The interval of each membership function in Table 1 is used by the EFWA for interval analysis to

compute the result, ; After obtaining the fuzzy weighted average, it then compares the distance between the
weighted average and alternatives. The approximate Euclidean distance (Dobois & Prade, 1980; Ross, Sorensen,
Savage, & Carson, 1990), as in Equation (5), is adopted as the measurement to determine the distance. In Equation

(5), the parameter X represents the resulting fuzzy membership function (}_’), the parameter 4 represents the pre-
defined fuzzy membership function (alternatives), and the function d is the Euclidean distance, which presents the
distance between X and 4.

d(X,A):\/(Xa =0 Aa =0 ) +(Xa:1_Aa:1)2+(Xa =0 Aa =0 2 (5)

lower—bound lower—bound upper—bound upper—bound

Therefore, according to the decision goal, the appropriate solution is the alternative, that minimizes the Euclidean
distance d. The calculation process is presented in Appendix, which includes an illustrative example to explain the
entire decision making process in more detail.
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Development of an FPKD-based testing system

Based on the FPKD model, a computer-assisted testing and diagnostic system is implemented in this work. A user-
friendly interface is provided for instructors on the teacher side, in which they can select a specific course, subject,
and concept to develop a diagnostic assessment, as shown in Figure 5. The system can then pick relevant test items
from the test item bank according to the specific criteria. The instructors can thus use the interface to select the
necessary test items to make a test-sheet based on their expertise. Figure 6 shows that the instructors can consult the
assessment results and learning status of all students, and then use this information to improve their teaching plan
before teaching a new course.

From the student side, students can log into the system and then use the student interface to take a diagnostic
assessment, as shown in Figure 7. In addition, as shown in Figure 8, the system applies the FPKD model to diagnose
the students’ test results, and provides diagnostic results to each participant through a diagnostic interface that can
clearly show the level of understanding of the students with regard to specific concepts, so that they can know what
they need to pay more attention to.

FPKT&D

| Home | Register | Login | Guide for user | Contact |

The instructor can press this button
to select specific concepts.

B Welcome to test-sheet development interface —---———-Concept of priorlknowledge selection----------

1. Diagnosis ID [ 00126 'I

2. Course ListhDO?-bioinformalics - P002-Gene =]
PO0O3-Genetic

3. Subject [$009.5 analysis approach and tool =] |F005-Formula expression format

POO7-Statistical hypothesis testing
POl15-Sequence characteristics and structures
-

Next

Copynight © 2010 of Department of Engineering Science, NCKU, Taiwan.

Figure 5. Screenshot of the test-sheet development interface.

FPKT&D

| Home | Register | Login | Guide for user | Contact

Assessment Results

Course ID: C007  Subject: S009

Concept Level

Conceptl 3 7 10 6 0
Concept2 1 3 12 if 1
Concept3 2 5 10 6 3
Conceptd 0 3 [ 10 3
Concepts 0 2 3 1 8

Copyright © 2010 of Department of Engineering Science, NCKU, Taiwan.

Figure 6. Screenshot of the assessment results for the instructor.
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FPKT&

| Home | Register | Login | Guide for user | Contact |

Course: C007-Bioinformatics Subject: S009-Sequence analysis approach and tool Student ID: 015

Question 1
In a protein family, key amino acids like those involved in the catalytic sites _ .

" are highly conserved because of their importance

' are not especially conserved or variable

' are often mutated so the protein function can evolve
' are allowed only a very specific type of variation

Copyright © 2 of Department of Engineering Science, NCKU.

Figure 7. Screenshot of the testing interface.

FPKT&D

| Home | Register | Login | Guide for user | Contact |

Diagnostic Results

Course: C007-Bioinformatics Subject: S009-Sequence analysis approach and tool Student ID: 015

<-—Full Understanding Full Misunderstanding--—>
Comcept1 [ | [ [ | iarahiors
Concept 2 Learn More
Concept3 | I I M || LewnMore
Concept 4 Learn More
Concepts | | | | I e More

Copyright © 2010 of Department of Engineering Science, NCKU, Taiwan.

Figure 8. Screenshot of the diagnostic results interface for students.

Experiment and evaluation
Experimental design, participants, and procedure

To investigate the effectiveness of the innovative approach, a quasi-experimental study research was conducted on
an interdisciplinary bioinformatics course at a university in Taiwan. The participants in the experiment were a course
instructor and 86 university students. The average age of the students was 22. These students were divided into three
groups. One group of 26 students served as the experiment group 1 (EG1), which used the FPKD model to diagnose
and strengthen their prior knowledge before taking the bioinformatics course. Another group of 28 students served as
the experiment group 2 (EG2), which used the PKD model before taking the bioinformatics course. The other group
of 32 students served as the control group (CG), and did not use either of the models.

The experiment was conducted on the subject, “sequence analysis approaches and tools”. This subject was taught in
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the fourth week of the syllabus of the bioinformatics course, and it had a total of 180 minutes of learning activities,
including both instruction and practice. The time distribution of each learning activity was planned by the course
instructor, and these came in six stages, as shown in Table 2. Prior to learning the subject, the students need to have
knowledge of the following five concepts that they were taught in the first three weeks of the course: gene, sequence
characteristics and structures, genetics, statistical hypotheses testing, and formula expression format.

Before and after taking part in the learning activities, all the students received pre- and post-tests. The pre-test/post-
test were designed to assess the students’ knowledge of the sequence analysis techniques presented in the
bioinformatics course, including questions about the operation of the BLAST (Basic Local Alignment Search Tool)
programs, its application to various problems, and the meaning of the analytical results. Finally, a diagnostic
evaluation was conducted to examine the accuracy of the diagnoses derived from the FPKD model.

Table 2. Major teaching and learning activities in the bioinformatics course

Subject: sequence analysis approaches and tools

Concepts in prior knowledge: Gene, sequence characteristics and structures, genetics, statistical hypotheses testing,
and formula expression format

Unit Instruction activities Time (min)
Understanding the 1. A .series of guifled questions (5)
importance of similarity 2. Sl.l dep resentation (15) 30
3. Discussions (10)
Introduction to the most 1. A series of guided questions (5)
popular data-mining tool: 2. Slide presentation (15) 30
BLAST 3. Practice (10)
. . 1. A series of guided questions (5)
BLA;ZS& Cpersoteln 2. Slide .presentation (10) 30
3. Practice (15)
Understanding BLAST 1. Slide presentation (15) 30
output 2. Discussions (15)
. 1. A series of guided questions (5)
BL?es(;flleIL‘gc gNA 2. Slide presentation (10) 30
3. Practice (15)
The BLAST way of doing 1. Slide presentation (15) 30
things 2. Practice (15)

Pre-test/Post-test evaluation

Based on a previous investigation, at least two items should be used to measure an objective in order to obtain highly
accurate results (Tuckman & Monetti, 2010). Therefore, 20 multiple-choice test items were used in both the pre-test
and post-test. Moreover, the two tests were identical, and the maximum score that could be obtained in either of them
was 100. The KR-20 reliabilities of the pre-test and post-test were .757 and .778, respectively. The item difficulty
index value ranged between 0.35 - 0.85, and the mean difficulty index of items was 0.56. The item discrimination
index of most items was greater than 0.35, implying that the items had good discriminative validity (Doran, 1980).

The pre-test results show that the mean and standard deviation of the EG1 (50.38 and 15.61) were similar to those of
the EG2 (51.42 and 15.80) and CG (51.87 and 16.15). After preliminary analysis, an ANOVA test was used to
determine whether the knowledge level of the three groups was the same with regard to learning bioinformatics.
Prior to the ANOVA test, Levene's test of homogeneity of variances was applied to examine whether the variances
across samples were equal. The result of this test was not significant (p = .869 > .05), which suggests that the
difference between the variances for all groups was also not significant. Therefore, ANOVA was performed. As
shown in Table 3, the results show that there were no significant differences between the experiment and control
groups prior to the experiment (F(2,83) = 0.065, p > .05). That is, the students in all groups had statistically
equivalent abilities before taking the bioinformatics course.

After the bioinformatics course, the course instructor administered a post-test, the results of which show that the
mean and standard deviation of the EG1 (75.00 and 8.60) were slightly better than those of the EG2 (66.78 and 11.88)
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and CG (59.06 and 13.52). The results imply that the students who worked with the FPKD model achieved better
learning performance than the others. Moreover, a Pearson’s correlation coefficient was used to measure the strength
of the association between the accuracy of the diagnosis of prior knowledge and the learning performance of
individual students(r = 0.576, p <.01), and the result reveals a significant correlation between them.

A paired t-test was then used to analyze the learning improvement of the three groups, as shown in Table 4 , and the
results indicate that the teaching strategy could help the students in all groups to learn about bioinformatics (EG1:
#25) =-9.631, p <.05; EG2: #(27) = -9.222, p <.05; CG: #(31) =-6.411, p < .05). In addition, an ANOVA test was
used to examine whether the experimental treatment could really enhance the students’ learning performance. The
result of Levene's test for equality of variances was not significant (p = .142 > .05), which indicates that the
variances for all groups were assumed to be equal. A one-way ANOVA was then conducted. As shown in Table 5,
the results reveal that there was a significant difference in students’ post-test achievements between the three groups
(F(2, 83) = 13.36, p < .05). The Scheffe test was used to make post hoc comparisons to identify statistically
significant differences among the three groups with regard to their knowledge of bioinformatics, with the results
shown in Table 5, and the significance level for the mean difference was p < .05. The results thus indicate that the
FPKD model can benefit the students in terms of knowledge acquisition.

Table 3. Pre-test ANOVA on knowledge of bioinformatics of the three groups

. Pre-test
Variable N Mean Std. dev. F@2,83)
EGI 26 50.38 15.61
EG2 28 51.42 15.80 0.065
CG 32 51.87 16.15
Note. p < .05.
Table 4. The paired t-test results of the learning improvement of the three groups
Group Tests N Mean Std. dev. t
EGlI Pre-test 26 50.38 15.61 9.631°
Post-test 26 75.00 8.60
EG2 Pre-test 28 51.42 15.80 9.222°
Post-test 28 66.78 11.88
Pre-test 32 51.87 16.15 64117
CG
Post-test 32 59.06 13.52
Note. p < .05.
Table 5. Post-test ANOVA on the three groups’ knowledge of bioinformatics
. Post-test Post hoc test (Scheffe)
Variable N Mean Std. dev. F2,83)
EGI 26 75.00 8.60 EGI>EG2’
EG2 28 66.78 11.88 13.36" EG2>CG’
CG 32 59.06 13.52 EG1>CG’
Note. p < .05.

Diagnosis evaluation

To assess whether the diagnoses given by the FPKD model are consistent with expert opinions, an evaluation was
conducted using the following evaluation function:

_ n—(n-—m)

CR (6)

n
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where CR represents the correctness rate of the diagnoses, 0 < CR <1 , n represents the number of concepts; and m
indicates the number of matching diagnoses.

A comparison was also conducted to evaluate whether the correctness rates of the diagnoses derived from the FPKD
model were superior to those obtained by the PKD model. As noted in the earlier experiment section, the 26 students
in experiment group 1 and 28 students in experiment group 2 were asked to use the FPKD and PKD models to
diagnose their understanding of five concepts, respectively. In this evaluation, three experts diagnosed the
understanding of the 54 students with regard to the five concepts based on the students’ test results.

The correctness rates of the diagnoses derived from the FPKD and PKD models were then measured using Equation
(6). Table 6 shows the correctness rate for each student’s diagnosis. It can be seen that the average correctness rates
of the results diagnosed by the FPKD model were higher (i.e., 93.26%, 90.38%, and 92.30% for the students) than
those diagnosed by the PKD model (i.e., 86.60%, 87.50%, and 88.39%). The results demonstrate that the diagnosis
mechanism of the FPKD model is valid, since the diagnoses of the FPKD model were very similar to those from the
experts. Moreover, the results of this comparison also revealed that the diagnosis mechanism of the FPKD model is
superior to that of the PKD model with regard to diagnosing the learning problem of individual students.

Table 6. Evaluation of the correctness rate results for the five concepts
Student ID Model 001 002 003 004 005 006 007 008

EGI 100%  100%  100% 50% 100%  100% 75% 100%

Expert 1
EG2 100%  75% 50% 100% 75% 100%  100%  100%

Correctness
rate of EG1 100% 75% 75% 75% 100%  100% 75% 100%
Expert 2 diagnoses

EG2 100%  75% 100%  75% 100%  75% 100%  100%

EGlI 100%  100% 75% 75% 100%  100% 75% 100%

Expert 3
EG2 75% 100% 75% 100%  100%  100% 75% 100%
Student ID 009 010 011 012 013 014 015 016
EG1 75% 75% 100% 100%  100%  100%  100%  100%
Expert 1

EG2 100%  75% 100% 50% 100% 50% 100%  100%

Correctness  EG1 100%  100%  100% 50% 100% 75% 100%  100%

Expert 2 rate of
diagnoses EG2 100%  100%  50% 75% 100%  75% 100%  100%

EGI 100%  100%  100% 75% 100%  100%  100%  100%

Expert 3
EG2 100%  100% 75% 100% 50% 100%  100%  100%
Student ID 017 018 019 020 021 022 023 024
EG1 100% 100%  100%  100% 75% 100%  100%  100%
Expert 1

EG2 100%  75% 75% 50% 100%  100%  100%  100%

Correctness  EG1 100%  100% 75% 100% 50% 100%  100%  100%

Expert 2 rate of
diagnoses EG2 50% 100%  50% 100%  75% 100%  75% 100%

EGI 100%  100% 75% 100% 50% 100%  100%  100%

Expert 3
EG2 100%  50% 75% 100% 75% 100%  100%  100%

Student ID 025 026 027 028 029 030 031 032
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EG1 75% 100% - - - - - -
EG2 50% 100%  100%  100%

Expert 1

Correctness
rate of EG1 100% 100% - - - - - _

Expert 2 diagnoses
EG2 100%  100% 75% 100%
EG1 100% 75% - - - - - -

Expert 3
EG2 100%  75% 50% 100%

Conclusions and discussions

Prior knowledge diagnosis is important for both students and instructors before new instruction is undertaken.
Nevertheless, conventional testing systems usually assign only an overall score or grade to instructors and students,
giving no adequate way to diagnose any specific problems that they face. Although previous work has developed a
prior knowledge testing and diagnosis (PKT&D) system to assist instructors and students in diagnosing and
strengthening prior knowledge before new instruction is undertaken (Lin, Lin, & Huang, 2011), it only consider a
single attribute to diagnose the learning problems of individual students, and this may lead to inaccurate results .

Therefore, this study applied a multiple attribute decision making technique to develop an innovative prior
knowledge diagnosis model, called the FPKD model. The results of the experiment and evaluation show that the
proposed model can effectively assist instructors and students in diagnosing students’ understanding of prior
knowledge in an interdisciplinary bioinformatics course. From a pedagogical perspective, this study applied the
FPKD model to a bioinformatics course. However, based on various pedagogical objectives, instructors can use the
proposed model in different educational contexts.

Although the innovative approach presented in this work seems to promising, it has some limitations with regard to
its practical application. In this study, we applied triangular curves to be the fuzzy membership functions of the
rating levels, relative weights, and alternatives. The results of the diagnostic evaluations reveal that this kind of
assignment is suitable for our educational context, as the diagnoses that the system produced were very similar to
those produced by experts. Nevertheless, in practice, the three functions may have to be adjusted based on the
instructors’ expertise in different educational contexts.

To enable instructors to more effectively adjust the membership functions, we are currently developing a mechanism
to dynamically tune these based on different educational contexts. Moreover, other relevant models or techniques
will be taken into account to further improve the diagnosis mechanism of the FPKD model, such as the analytic
hierarchy process (AHP) and repertory grid. Finally, to enable instructors to use the FPKT&D system more
conveniently, the number of test items in the item bank should be continually increased to address various subject
objectives and the different needs of instructors.
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Appendix
The EFWA algorithm

®  Definition: the input a, b, ¢, and d are the intervals of fuzzy membership functions, and the outputs are the
intervals of the result fuzzy membership function. Additionally, the O, and the { can be calculated by

Equations (7) and (8) respectively.
5 = (a,—a)e +(a,—a)e, +...+(a, a)e, e

‘ e +e, +..e,

_(B,=b)e, + (b, —b)e, +...+ (b, b)e,

g, ®
e +e +..e,

®  Description of the EFWA algorithm (Lee and Park, 1997)

(1) Sort @’s in non-decreasing order. Let (ay, ay, ..., a,) be the resulting sequence. Let first := 1 and last .= n.

(2) Sort a’s in non-decreasing order. Let (ay, ay, ..., a,) be the resulting sequence. Let first := 1 and last := n.

(3) Let & -threshold := L(ﬁrst + last) / 2J .Foreachi=1,2, ..., §-threshold, let ¢; := d; and for each i =6 -

threshold + 1, ..., n, let ¢; := ¢;. For an n-tuple S = (e, e, ..., €,), evaluate O,

Ss—threshold Ss—threshold+1 -

4 If o >0 and O <0 then L = fi(ei, e, ..., e,) and go to Step 4; otherwise execute the

Ss-threshold S s5—threshold+1
following step.

(a) Ifo > 0, then first := S -threshold + 1; otherwise last := & -threshold, and go to Step 2.

S§—threshold

(5) Sort b’s in non-decreasing order. Let (by, by, ..., b,) be the resulting sequence. Let first := 1 and last := n.

(6) Let{ -threshold := L(ﬁrst +last) / ZJ .Foreachi=1,2, ..., {-threshold, let ¢; := ¢; and for each i = -

threshold + 1, ..., n, let ¢; := d;. For an n-tuple S = (ey, e, ..., ¢,), evaluate and .
rtew ! ! p ( 15 €25 «es ")’ é/sé’frhreshnld é/s(g’fthreslmldﬂ)

>0 and &

N <0 then U=f(ei, e, ..., e,) and stop; otherwise execute the following step:
—threshold+]

7N 1f &,

—~threshold

(b) If &, > 0, then first := ¢ -threshold + 1; otherwise last := ¢ -threshold, and go to step 5.

—threshold

Ilustrative example

Assume that an instructor aims to assess five students (S;, S>, S3, Sy, Ss) to identify their level of understanding with
regard to five concepts (C;, C,, C;, C4, Cs,). The instructor selects five test items (/;, I, I3, I;, I5) from a test item
bank to form a test-sheet, that are relevant to concepts one to five, and each test item has its difficulty degree, D;, D,,
Ds, D4, Ds. In this test-sheet, each concept is possibly related to the others. The instructor then conducts the test to
assess the five students to identify the level of understanding of the individual students with regard to the five
concepts. The degree of difficulty of each test item is shown in Table 7. In addition, the relationships among the test
items and concepts are shown in Table 8, and the relationships among the concepts are shown in Table 9. After the
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participating students have taken the test, their test results for each test item are given, as shown in Table 10.
Table 7. lllustrative example of degree of difficulty each test item

. Test Item
Degree of Difficulty of Test Item 7 T, I3 7, I
Difficulty Degree 0.2 0.4 0.8 0.2 0.4
Table 8. Illustrative example of the relationships among test items and concepts
Concept
Test Item c, G C c, C
I 1 0 0 0 0
I, 1 0 1 0 1
I; 0 1 0 0 0
1, 0 1 0 0 1
I; 0 0 0 1 0
Table 9. Illustrative example of relationship among concepts
Concept
Concept c, G C C, C
C 1.0 0.0 0.4 0.0 0.0
C,; 0.0 1.0 0.6 0.0 0.2
C; 0.4 0.6 1.0 0.2 0.6
C 0.0 0.0 0.2 1.0 0.4
Cs 0.0 0.2 0.6 0.4 1.0

Table 10. Nllustrative example of the relationship among students’ answers and test items

Student
Test Item S, S, S, S, S
I; 1 1 0 1 1
I 1 0 1 1 1
I; 0 0 0 0 1
1 0 1 0 1 1
Is 0 0 1 0 0

Based on the association among Tables 8, 9, and 11, the highest difficulty level of the five concepts answered by the
five students can be measured with Equation (5). In order to illustrate this clearly, Table 11 shows the association
among the five test items and five concepts related to the fourth student (S,).

Table 11. Nlustrative example of relationship of test items, concepts, and the fourth student’s answers

Concept
Test Item c, G C, c, C
1 1 0 0 0 0
I 1 0 1 0 1
I; 0 1 0 0 0
1 0 1 0 0 1
Is 0 0 0 1 0

The gray rows means that the fourth student answered the first, second, and fourth test items (7}, I, and /) correctly,
as seen in Table 10. Based on Table 11, therefore, the highest difficulty level of the five concepts answered by the
five students can thus be measured. For instance, the highest difficulty level of second concept answered by the
fourth student is:

HDL(S, C,)=0.2

Furthermore, based on Tables 9,10, and11 the relevant level of five concepts answered by the five students correctly
can be measured using Equation (2). Similarly, as shown in Table 12, the relevant level of second concept answered
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by the fourth student correctly is:
RL(S4’C2) =0.142

In addition, based on Tables 9 and 11, the correctness rate of the five students with regard to five concepts can be
inferred with Equation (3). For instance, the correctness rate of the fourth student with regard to second concept can
be measured as follows:

CR(S,C,)=0.5

Therefore, the ratings of the fourth student’s attributes are shown in Table 13. With regard to the relative weight of
each criterion, this example assumes that it is very low, very low, and average for the highest difficulty level,
relevant level and correctness rate respectively, as shown in Table 12. Notice that, in Table 13, the values of rating
are related to Figure 2 and the values of relative weight are related to Figure 3, and the parameter settings of ; and w;
are the triangle values of membership functions (Figures 3 and 4) with respect to oo = 0 and 1 (the a-cuts is the
interval analysis technique (Dong & Wong, 1987).

Table 12. The input values related to fourth student’s answer with regard to the second concept

Criteria Rating Relative Weight
highest difficulty level Very poor Very low
relevant level Very poor Very low
correctness rate Average Average

Before starting the EFWA algorithm, it is necessary to choose two values for o, namely 0 and 1, as the initial input
values. For a = 0, the intervals of ;- 3 are [a; = 0, by = 0.4], [a, = 0, b, = 0.4], and [a; = 0.3, b3 = 0.7], and the
intervals of w;_ 3 are [¢; =0, d; = 0.4], [c; =0, d, = 0.4], and [¢3 = 0.3, d5 = 0.7]. Notice that the »; shown here have
not been sorted yet. The computational procedure is as follow:

Step 1: Sort a’s into non-decreasing order, and the resulting sequence is [a; =0, b; = 0.4], [a, =0, b, = 0.4], and [a; =
0.3, b3 =0.7]. So (ay, az, a3) = (0, 0, 0.3), first := 1, last := 3.

Step 2: & -threshold := L(1+3)/2J =2,8S =(d, d, c3) = (0.4, 0.4, 0.3), then evaluating 5;2 and 53,3 , the

evaluation results are as shown in Equations (9) and (10).

_(0-0)x0.4+(0—0)x0.4+(0.3-0)x0.3

) =0.01818 ©)
: 0.4+0.4+0.3

5 - (0-03)x04+(0-0.3)x04+(03-0.3)x03 _ 0
: 0.4+0.4+0.3

Step 3: Since 5S2 >0 and 53,3 <0,L=f(d,dyc3)=a; + é‘S2 =0+ 0.0818 = 0.0818. Hence, the min f; is 0.0818
and go to Step 4.

Step 4: Sort b’s in to non-decreasing order, the resulting sequence is [a; = 0, b; = 0.4], [a, = 0, b, = 0.4], and [a3 =
0.3, b3 =0.7]. So (b1, by, b3) =(0.4,0.4,0.7), first =1, last .= 3.

Step 5: ¢ -threshold := L(l +3)/ ZJ =2,8 = (ci, &, d3) = (0, 0, 0.7), then evaluating é’sz and §S3 , the evaluating

results as shown in Equation (11) and Equation (12).

~(0.4-0.4)x0+(0.4-0.4)x0+(0.7-0.4)x0.7 _
0+0+0.7

g, 0.3 (11)

134



~(0.4-0.7)x0+(0.4-0.7)x0+(0.7-0.7)x0.7 _
0+0+0.7

- 0 (12)

Step 6: Since ;Yz >0 and é/S} <0, U=fcy, crd3)=by + ;Yz =04+03=0.7.

Hence, the max f;; is 0.7 and stop. The interval for o = 0 is [0.0818, 0.7], in which each point is corresponding to the
end points of the triangle representing the membership function.

The above process finds the upper and lower bounds of the synthetic membership function, and the following
process will obtain conduct the triangle value with respect to a = 1. For a = 1, the intervals of 7;_ 3 are [a; = 0.2, b,
=0.2], [a;=0.2, b, =0.2], and [a3 = 0.35, b3 = 0.35], and the intervals of w;_ 5 are [c; =0.2,d; =0.2], [c; =0.2,d, =
0.2], and [¢3 = 0.5, d5 = 0.5]. Notice that the r; shown here have not been sort yet.

Step 1: Sort a’s into non-decreasing order, and the resulting sequence is [a; = 0.2, b; = 0.2], [a, = 0.2, b, = 0.2], and
[as = 0.35, by = 0.35]. So (ay, a, a3) = (0.2, 0.2, 0.35), first =1, last = 3.

Step 2: & -threshold := L(1+3)/2J =2,8S =(d, d», c3) = (0.2, 0.2, 0.5), then evaluating 5;2 and 53,3 , the

evaluation results as shown in Equations (13) and(14).

(0.2-0.2)x0.2+(0.2-0.2)x0.2 +(0.35-0.2)x0.5

0, =0.0833 (13)
2 0.2+0.2+0.5

5 = (0.2-0.5)x0.2+(0.2-0.5)x0.2+(0.35-0.5)x0.5 02167 (14
: 02+0.2+0.5

Step 3: Since 5;2 >0 and é;} <0, L=f(d,dr, c3) =a, + 5s2 = 0.2 + 0.0833 = 0.2833. Hence, the min f; is 0.

3884 and according to the a; = b; (where i = 1-3, when o = 1), it can conclude that the min f; = f;,=0.2833. Fora =1,
the obtained interval result is [0.2833, 0.2833] which corresponds to the center of the triangle. Consequently, with
the intervals for a = 0 and 1, the resulting membership function is determined and is plotted in Figure 9.

As the result shown in Figure 9 is fuzzy membership function, Euclidean distance (as shown in Equation (5)) is used
to determine the closest membership function (from Figure 4 for performance the decision goal. The following
calculation shows how to use the Euclidean distance to determine the appropriate understanding level.

/’l T
A

Membership Value

\j

0 .0818 2833 e,

Figure 9. The resulting membership function
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d(r, A )= \/(0.0818—0.15)2 +(0.2833-0.35)* +(0.7-0.55)* =0.1777

‘Misunders tan ding

Based on the measured results, the other Euclidean distances are d (7, Ayiquders tanding ) = 0-3219,

A1, Ayrage) = 0-3075, d (7, Ay ianding) = 0-5409 , and d (7, Ay tdersanding) = 0-7909 . After measuring

all of the Euclidean distances between the resulting membership function and all alternatives, the decision model
determines that Misunderstanding is the closest alternative, and then presents the corresponding feedback to the

students.
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ABSTRACT

This paper proposes a conceptual framework, scaffolding participatory simulation for mobile learning (SPSML),
used on mobile devices for helping students learn conceptual knowledge in the classroom. As the pedagogical
design, the framework adopts an experiential learning model, which consists of five sequential but cyclic steps:
the initial stage, concrete experience, observation and reflection, abstract conceptualization, and testing in new
situations. Goal-based and scaffolding approaches to participatory simulations are integrated into the design to
enhance students’ experiential learning. Using the SPSML framework, students can experience the following: (1)
learning in augmented reality by playing different participatory roles in mobile simulations in the micro-world
on a mobile device, and (2) interacting with people in the real world to enhance understanding of conceptual
knowledge. An example of the SPSML-based system was implemented and evaluated. The experimental results
show that the system was conducive to the students’ experiential learning and motivation. Moreover, the
students who learned with the proposed approach gained significantly higher accuracy rates in performing the
more complicated sorting algorithm.
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Introduction

More and more participatory simulations have been developed on mobile devices for educational use (Klopfer, 2008;
Klopfer & Squire, 2008; Squire & Jan, 2007). They have been used in a way that can provide models of real-world
settings for students to construct knowledge through active participation in learning activities (Patten, Arnedillo-
Sanchez & Tangney, 2006). Some participatory simulations fall into a context-aware category and are more often
found in ubiquitous computing (Gay & Hembrooke, 2004; Naismith, Lonsdale, Vavoula, & Sharples, 2004). A
system is considered context-aware “if the system uses context to provide relevant information and/or services to the
user, where relevancy depends on the user’s task” (Dey, 2001, p. 5). Mobile devices are well suited to context-aware
applications due to their sensitivity in gathering and responding to real or simulated data unique to a particular
location, environment and time (Klopfer & Squire, 2008). Context-aware applications have been the subject of many
studies (Hwang, Kuo, Yin, & Chuang, 2010; Chu, Hwang, & Heller, 2010; Chiou, Tseng, Hwang, & Heller, 2010).

Research into context-aware participatory simulations has led to various innovations. However, less studied in this
area is the use of scaffolding in a traditional sense to achieve what students want but are unable to achieve in the
simulated environments (Luckin, Looi, Puntambekar, & Fraser, 2011). Moreover, few studies in participatory
simulations have employed both scaffolding and fading approaches. Roschelle (2003) classified classroom
applications into three categories: classroom response systems, participatory simulations, and collaborative data
gathering. Chen, Kao, & Sheu (2003) reported a collaborative data gathering mobile learning system for scaffolding
students in a bird-watching exercise. However, there is no scaffolding participatory simulation system reported to
date. This research therefore developed an innovative framework called scaffolding participatory simulation for
mobile learning (SPSML), premised on participatory simulations and experiential learning principles (Kolb, 1984).

This framework is a context-aware participatory simulation for mobile learning using scaffolding and fading
approaches whereby students can be scaffolded when needed, and the fading strategies are initiated when the
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students have achieved what they want to learn. An instance of the SPSML-based system was trialed and evaluated.
The instance is called learning sorting algorithms with mobile devices (LSAMD) and is designed to help students
learn abstract concepts presented in face-to-face classrooms.

The next section presents the theoretical background of the SPSML framework, followed by an introduction to the
pedagogical design of the SPSML framework. We then describe and evaluate an example of a SPSML-based system.
Finally, we draw conclusions.

Theoretical background of the SPSML framework
Participatory simulations

Participatory simulations provide models of real-world settings in which students can construct knowledge through
active participation in learning activities (Klopfer & Squire, 2008; Patten, Arnedillo-Sanchez, & Tangney, 2006).
Context-aware participatory simulation encourages more active participation and interaction among students because
students “do not just watch the simulation, they are the simulation” (Naismith, Lonsdale, Vavoula, & Sharples, 2004,
p. 13). This approach enables students to become immersed in an augmented learning environment in which they
take an active role in their learning process and enhance their understanding of abstract concepts in complex learning
situations.

In contrast, when engaging in participatory simulations in mixed learning environments (virtual and real worlds),
students actively interact with the environments, the teacher, peers, and the other people concerned to construct
knowledge and solve authentic problems (e.g., Dunleavy, Dede, & Mitchell, 2009; Klopfer, Yoon, & Rivas, 2004;
Klopfer & Squire, 2008). According to Dede (2005), participatory simulations (a) support collaboratively sieving and
synthesizing experiences rather than individually locating and retrieving information, (b) enhance active learning
based on real and simulated experiences that offer opportunities for reflection, and (c) facilitate the co-design of
learning experiences personalized to individual needs and preferences. These features have been taken into account
in designing the SPSML framework.

Experiential learning

The pedagogical design of the SPSML is premised on Kolb’s experiential learning model, which focuses on
experience as the main force driving learning because “learning is the process whereby knowledge is created through
the transformation of experience” (Kolb, 1984, p. 38). Thus, learning is a constructive process in context. It happens
in a cyclical model (see Fig. 1) consisting of four stages: concrete experience, reflective observation, abstract
conceptualization, and testing in new situations (de Freitas & Neumann, 2009; Kolb, 1984; Lai, Yang, Chen, Ho,
Liang, & Wai, 2007).

Concrete
experience
P 4 9N
Testing in new Reflective
situations Observation
A 2
Abstract

Conceptualization

Figure 1. Kolb’s experiential learning model
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This model requires that learning scenarios, which may be embedded with a series of different objectives, activities,
and outcomes, be integrated into the experiential pedagogical design. One issue to be addressed is to move away
from a set of sequencing of learning to more options (Barton & Maharg, 2006). These different routes for learning
have the potential to increase students’ engagement. Participatory simulations using mobile technologies are well
suited to experiential learning in that they provide models of real-world domains for students to gain knowledge
through active participation, and provide rich data that “augment” users’ experience of reality by connecting data on
the mobile devices (Klopfer & Squire, 2008). The following describes the four stages of the experiential learning
model:

1. Concrete experience. Student experiences can fluctuate between the virtual environment and real life by
enabling digital simulations in authentic problem-solving situations in which learners play different roles to
interact with other entities that have different skills (Dede, 2009).

2. Reflective observation. Reflection may involve revisiting learning activities. Although reflection can occur
during any stage of the experiential learning cycle, these explicit virtual tasks ensure that students can engage in
reflection (de Freitas & Neumann, 2009).

3. Abstract conceptualization. Students gain new knowledge by integrating previous observations, interactions and
reflections into logically sound concepts, which provides contexts in which they can consciously create
structured understandings of their experience. We need to focus on what kinds of abstractions would be most
relevant in student learning contexts, using experiential learning models with a view to the particular learning
outcomes.

4. Testing in new situations. In the on-going iterative cycle, students are expected to be able to test and practise
these concepts by actively experimenting, for example, in a follow-up practice in new situations. Thus, as a
component of a course curriculum, the participatory simulation provides a virtual space that complements their
learning in real life and within which they can engage experientially to construct conceptual knowledge.

However, experiential learning has its drawbacks. First, it lacks a mechanism for making students focus on the
learning objectives in context (Miettinen, 2000). Second, students may lack the skills and pay inadequate attention to
abstraction of concepts from experience (Lai, Yang, Chen, Ho, Liang & Wai, 2007). We postulate that there are two
ways to overcome these hurdles: (a) by adopting Squire’s (2006) and Schank, Fano, Bell and Jona’s (1994) goal-
based approach to participatory simulations premised on constructivist theory, and (b) by scaffolding. The important
aspects of the goal-based approach are to focus on the learning goals that should be intrinsically motivating and the
role that the learner plays.

The criteria for the design of learning scenarios are as follows:

e Thematic coherence. The process of achieving the goal is thematically consistent with the goal itself.

e Realism. The design must be authentic to produce varied opportunities for learning the target skills and
knowledge.

o Empowerment. The design puts students in control to increase the sense of agency.

e Responsiveness. Prompt feedback is provided to help students acquire skills and knowledge.

e Pedagogical goal support. The proposed design is compatible with and supports the acquisition of skills and
knowledge.

e Pedagogical goal resources. Students are provided with appropriate help.

The adoption of role play is to reinforce and explore difficult concepts that can be integrated into face-to-face
classrooms or be used in complex learning environments. The participatory simulations provide students with a
dynamic interactive role-play activity in an experiential learning process so that students get to experience, observe
and reflect, form abstract concepts, and test their solutions in new situations. Scaffolding and fading built into the
participatory simulations is another important approach to addressing the problem of students’ lack of skills in
abstracting concepts from experience, which is elaborated on in the next section.

Scaffolding and fading

A number of studies on the design of context-aware participatory simulations using mobile technologies have
reported the usefulness of the systems for enhancing student collaborative learning and problem solving (e.g.,
Dunleavy, Dede, & Mitchell, 2009; Klopfer & Squire, 2008). However, in many cases, there is a recognition-
production gap between what students want to achieve and what they are able to achieve themselves in the simulated
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environments. This gap can be bridged via scaffolding (Luckin, 2008). Scaffolding, as provided by human tutors, has
been well established as an effective means of supporting learning (Soloway, Norris, Blumenfeld, Fishman, & Marx,
2001).

Luckin, Puntambekar, & Fraser (2011) posit that research exploring the use of mobile technologies to support
learning rarely involves scaffolding in the traditional sense. Scaffolding enables learners to realize their potential by
providing assistance when needed, and then fading out this assistance as meaningful learning takes place (Collins,
Brown, & Newman, 1989). The notion of scaffolding is associated with the work of Vygotsky (1978): a novice
learns with a more capable peer, and learning happens within the novice’s zone of proximal development (ZPD).
With the development of technology, scaffolding tools are specially designed to help students learn in the complex
learning environment. Different learners in the same class may have different ZPDs.

However, in many cases, support for learning provided by the tools “focuses on providing ‘blanket support’ (i.e., the
amount and type of support is constant for everyone and is not sensitive to the changing level of understanding in
learners)” (Puntambekar & Hiibscher, 2005, pp. 7-8). To cater to the different needs of students, in designing
scaffolding in tools, it is important to consideration (a) the multiple ZPDs of students, (b) building fading into the
system so that the tools themselves may be removed when students do not need them anymore, and (c) teacher’s
orchestration and facilitation of the learning process so that students can make good use of the scaffolding tools and
resources for learning (Puntambekar & Hiibscher, 2005).

Pedagogical design of the SPSML framework

In this study, we propose a context-aware participatory simulation framework called SPSML for designing learning
systems on mobile devices using scaffolding and fading strategies. The SPSML is designed to facilitate students’
experiential learning in either complex social contexts or face-to-face classrooms. The scaffolding and fading
instructional strategies are used to help students’ experiential learning processes. It provides opportunities for
students to be involved in active participation and interaction and increases motivation. The SPSML framework
consists of five sequential but cyclic steps that use Squire’s (2006) goal-based approach and scaffolding and fading
strategy use (see Figure 2).

Configure Teacher @ Givetasks
Feedback l Assessment

Participatory Simulation

s

Scéf'folding
o

Fading Y,

Initial Concrete Observe and Abstract Testing in new
experience reflect conceptualization  situations

Tasks
Objectives
Roles
Rules

Play a role T Collaboration
Learners

Figure 2. The SPSML framework
Step 1. Initial process
Before implementing the SPSML-based system, the teacher will define: (a) the learning objectives of the activity, (b)

the simulation tasks, and (c) the rules and participant roles for playing the simulation (Squire, 2006). The learning
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objectives are to help the students to reach their goals, and they need to be identified in order to help the students
accomplish the tasks successfully.

To begin the activity, the teacher will set up rules and participant roles to configure the system. The teacher will
explain to the students the general ideas of concepts to be learned in face-to-face classrooms and provide examples to
guide them. The teacher will also explain to the students the learning objectives of the activity and how to use the
system on their mobile devices such as personal digital assistants (PDAs).

Step2. Concrete experience

Concrete experience is composed of scaffolding and fading procedures.

Scaffolding

When students start experiencing and acting during the activity, the teacher will assign different tasks and roles for
them to play in the simulation, according to the rules. The system on the mobile device will guide the students in
how to do the tasks and play the roles if they need help. This step acts like a bridge used to enable the students to
master the conceptual knowledge in face-to-face classrooms. The system assists students by providing information
about where the mistakes are and how to correct them so that they are able to achieve the goals of the task. This
system is composed of three stages: point out mistakes, help to correct, and discuss (see Figure 3):

1. Point out mistakes. The scaffolding system will assist students by providing some instructions about where the
mistake is immediately after they make the mistake. It helps the students complete the task effectively.

N

Help to correct. When the students cannot solve the problem themselves, the system will facilitate them in this

regard. There are three kinds of scaffolds at this stage: hint, illustration and teacher’s help, as shown in Figure 3.

e Hint. The system will offer a hint about a solution to help the student find out ways to perform the tasks and play
the roles based on an ongoing diagnosis of student learning (Puntambekar & Hiibscher, 2005).

o [Illustration. The system will describe the goals of the tasks or provide key information about how to play the role
with a simple example.

e Teacher’s help. If the students want to make an inquiry to a teacher, the system allows the teacher to provide

facilitation. The teacher can observe the status of each student’s participation and the roles they are playing on

the mobile device in order to respond to the inquiry.

Difficult

Help 1o correct

Hint

lllustration

Point out
mistakes f

Teacher’s help

Esy
Figure 3. Three stages

3. Discuss. The students are allowed to discuss with partners via mobile devices. Discussion is a source of ideas
for other students, using evidence in support of claims, getting advice, and providing explanations that others
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can understand, as well as a vehicle for some of the reflection necessary to turn one’s experiences into well-
formed and well-indexed cases in one’s memory (Kolodner & Nagel, 1999).

The students will construct the learning goals collaboratively via discussion. They construct initial understandings of
the concepts by participating in the discussion after the concrete experience.

Fading

After participatory role play on the mobile device, students will gradually be able to understand the methods and
strategies to solve the problems and become more experienced with the conceptual knowledge. At this point, the
fading process starts. The students use the fading mode to practise independently. Then, the system reduces the help
messages gradually, and more responsibilities are shifted to the students. Finally, they will be able to solve the
problems themselves without the scaffolding of the system. In the meantime, the teacher can also help orchestrate the
gradual reduction of the system’s help function according to the level of understanding of the students.

We have designed the fading mode as three levels depending on the different ZPDs of learners:

e  Level 1. Point out the mistakes only, but require the students to find out how to correct them. They can discuss
with their role-play partners at this level. They can also seek help from the teacher.

e Level 2. Do not point out the mistakes, but have the students correct them by themselves. They cannot get help
from the teacher, but they can discuss with their partners.

e  Level 3. Do not provide help and discussion, but have everyone complete the task by him/herself at this level.
After all the students pass Level 3, it means that they have mastered the conceptual knowledge.

Step 3. Observation and reflection.

After completing the concrete experience of participatory roles in the simulations, the students carry out discussions
and reflections. They reflect on what they have learned, how well they have understood, and what else they want to
learn. If they need more experience in participatory simulations, they can restart the simulation from any step such as
from the scaffolding or fading step rather than from the initial step because all their prior experience has been saved
in the database.

Step 4. Abstract conceptualization

Because the student experience in the participatory simulation is recorded and stored in the database and these
records can be converted to a video, the students can review their learning progress by watching the video or looking
at the history record. This step helps the students transform their learning experience and construct conceptual
knowledge to achieve their learning goals.

Step 5. Testing in new situations

After conceptualizing what they have learned, the students can try out the concepts in their real-life situations to
deepen their understanding of the conceptual knowledge.

An instance of implementation of the SPSML-based system

In this section, we describe an instance of the implementation of the SPSML-based learning system LSAMD, which
supports the learning of sorting algorithms (abstract concepts). There are four sorting algorithms in the system:
bubble sort, insertion sort, selection sort, and quick sort.

Figure 4 shows the LSAMD interface. Using this system, all the students stand in a line with a PDA, and the teacher
assigns an array of numbers to the students and asks them to sort these numbers according to a certain algorithm. The
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new position of each step is sent to the server. They receive these tasks, collaborate, and exchange physical positions
according to the algorithm.

(A} teacher (B} student

User P User Mame |user]
= LOOP:
_]Eelr- message Your Num :

OError check - - <
- FOSITIOM P s | Upkad
CJASC | liphosd)
Sorting [sewctnsw ] | [From the first compare
Paople = with the neighborwhile
nuphap |ESRUROI S not in descending order

18 |
[ox) Gancel - - . :
P1 P2 P3 P4 P5 P6
Baee] (Mext] | 36 160 79 (98 B4 [50

Figure 4. Interface of LSAMD

Simulation description

In LSAMD, the students play the role of data in the simulation of the sorting algorithm to visualize the data flow of
the computer in the real world.

Determine learning objectives. The learning objective of the simulation is to help students master the sorting algorithms.

Set up a simulation. The teacher sets up the algorithms to configure the server, then selects a sorting algorithm and sets
the number of the students. After the random data are generated, the teacher sends these data to the students. The
students will get the data to be arranged from the server according to their ID. The students play the roles of the data in
the sorting algorithms. They analyze, compare, discuss, and swap the assigned data. The results will then be sent to the
server, and the server will compare the correctness of the results. At the same time, the teacher can view the results,
evaluate student understandings of the algorithms, and design new ways to explain the compilation of the data.

Design task. This simulation is provided for students to sort the algorithms together. The students use this system to
study the four algorithms in a group.

Set up scenarios for using LSAMD. This is a scenario of the SPSML-based LSAMD system to learn sorting algorithms:

1.

The system generates the data randomly and sends them to the students. Following is a sample of the “quick sort”
algorithm. In the example, the array list, “78, 35, 22, 67, 56, 38, 15, 11,” is sorted in ascending order. All the
students stand in a line with a PDA, which displays their numbers and positions in a table and also displays the
pivot.

The teacher turns on the option with error checking and help messages, and the students can discuss with each other
which is in the scaffolding mode. The system will initialize Left to First and Right to Last. It will also give hints
and illustrations to solve the problem. In Loop 1, a help message like this will appear initially: “Define the value in
position First to be the Pivot and define Left to be First and Right to be Last.” After discussion and comparison, the
students pick 67 as the Pivot, define Left and Right, and upload them to the server. The results are shown in Figure
5.

Then, the system will issue a message such as “Move Left to the first value, which is greater than the Pivot; Move
Right to the first value, which is less than the Pivot, then exchange these values.” After discussion and comparison,
the new position is uploaded to the server. The students will also change their physical standing position in the line.
The server will evaluate the change of positions and send an error message if the change is done incorrectly. In the
case of making mistakes in the change of positions, the message will then point out the error position and ask the
students to correct it.
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5. “Then move on to Loop 2.” Each student will discuss and compare the result with his neighboring student
according to the messages provided by the server in Loop 1, and this process goes on for a few loops depending on
the problem until the whole array is sorted.

Pivot Pl P2 P3 P4 P5 P6 P7 P8
67 | 78 | 35 | 22 [ 67 [ 56 | 38 | 15 | 11 |

First || Left Right Last

Figure 5. Initialization of the quick sort

When the students master the quick-sorting algorithm at a certain level, the teacher changes the scaffolding mode to
fading. For every loop, the student who needs to move first is the leader who takes control of the sorting process in
the loop by directing other members to exchange positions. The teacher will turn off the help message option so that
the students are situated in level 1 of the fading mode; that is, the system only points out the error position and the
learners can discuss with each other to solve the problem. Then, the teacher will turn off both the help message
option and error checking option, thus situating the students in level 2 of the fading mode, in which they can discuss
with each other to solve the problem. Finally, in level 3, discussion is not allowed; that is, the students are directed
by the leader to switch positions to complete the task.

A pilot study

A pilot study was carried out to evaluate the LSAMD system. Twenty-one students participated in the study. They
were divided into three groups and were briefed about how to use the system. The procedures of the pilot study are
as follows:

Initial stage. The teachers briefed students on the rules of the sorting algorithms and demonstrated how to use the
system.

Role-play. The students played the role of data in the simulation of the sorting algorithms. The system guided the
students to sort numbers. The system would check the students’ sorting and provide feedback if there was a mistake
in the positions of the numbers. Then, the students would correct the number positions and send the new positions
back to the server. In the meantime, the teacher monitored the students’ learning progress and gave comments and
feedback. The students could discuss and compare with each other before exchanging positions. When the students
mastered the sorting algorithms at a certain level, the system would gradually reduce the help function.

Observe and reflect. Students discussed and reflected on the sorting algorithms together and the teacher acted as a
facilitator.

Understand abstract concepts. The students were able to conceptualize the abstract concepts of the sorting
algorithms.

Try out new sorting algorithms. The learning history was stored in the server. When they tried a new sorting
algorithm, they would review their previous sorting experience to seek better understanding of the new algorithm.
Evaluation

To find out if the SPSML-based system would be helpful for the learning process, we designed an experiment using

LSAMD. We set up a control group and an experiment group to compare the accuracy rate of every sort algorithm
(every step was recorded).
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Participants

A total of 41 master’s students with prior algorithm-sorting experience participated in the experiment. The students
had learned the sorting algorithms about three years earlier, when they were undergraduate students. However, most
of them had not used sorting algorithms for a long time so they had forgotten the rules. The average age of the
students was 22 years old. Their past examination on sorting algorithms was used as the pretest. They were divided
into two groups according to their average achievement: 21 students were assigned to be the experimental group
(average achievement = 72.5), and 20 students formed the control group (average achievement = 73). According to
their pretest achievement, it can be inferred that these two groups did not significantly differ prior to the experiment.

Experimental procedure

The students in the control group learned with a sorting algorithm system, which did not provide them with
participatory simulations or scaffolding. When using the system, the students first selected a sorting algorithm, and
then the system generated numbers in an array. The students performed the sorting operations by exchanging the
position of the numbers in the array. If the sorting was wrong, the system only provided an error message such as
“There are some mistakes,” but did not point out where the mistakes were. These mistakes were stored in the
database. The students could also refer to books before using the system.

For the experiment group, the students learned with LSAMD. They stood in a line with a PDA and participated in
participatory simulations. They could use the scaffolds “Point out mistakes,” “Hint,” “Illustration,” “Teacher’s help,”
and “Discussion.” The mistakes they made as well as the types of scaffolds they used to solve the problem were
stored in the database.

Results
Accuracy rate

The accuracy rates of the two groups of students who sorted the data with different algorithms were compared by an
independent ¢-test, as shown in Table 1. For the quick sort, the average accuracy rate and standard deviation were
81.86 and 10.12 for the experimental group, and 52.30 and 9.29 for the control group. The average accuracy rate of
the experiment group is higher than that of the control group, and the difference between the two groups is
statistically very significant (z = 9.73, p < 0.01), indicating that the LSAMD system is helpful to students in
enhancing their conceptual understanding of this sorting algorithm. On the other hand, for the bubble sort, insertion
sort, and selection sort, the average accuracy rates of the two groups do not show significant difference. Because the
“quick sort” has been recognized as more complicated than the other sorting algorithms, it could be concluded that
the SPSML framework was helpful to the students in improving their learning achievement in terms of complicated
conceptual understandings.

Table 1. Accuracy rate

Group N MAR (%) SD t-value

Bubble Experiment 21 93.29 5.60 0.95
Control 20 91.35 7.34

Insertion Experiment 21 90.33 791 1.25
Control 20 86.85 9.94

Selection Experiment 21 89.35 8.99 1.78
Control 20 83.10 12.84

Quick Experiment 21 81.86 10.12 9.73**
Control 20 52.30 9.29

Note. N: Number of students; MAR: Mean of Accuracy Rate; SD: Standard Deviation; ** p < 0.01

We also analyzed the records of the mistakes the students made, which were stored in the database. For the quick
sort, more identical mistakes were made in the control group than in the experiment group. This may be due to the
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fact that the students could not get just-in-time scaffolding when they made mistakes; hence they did not know the
reason why they made these mistakes. In contrast, in the experiment group, the students made the same mistakes
fewer times because they solved the problems using the scaffolds (“point out mistakes,” “hint,” “illustration,”
“teacher’s help,” and “discussion”), which helped them correct the mistakes in time. The findings also demonstrate

that the SPSML framework was helpful to the students in enhancing their learning.

Finally, we worked out the percentage of each type of scaffold used by the students in the experiment group to help
them solve their problems (see Figure 6). Figure 6 shows that “discussion” was the most frequently used scaffold
(48%). This result is also consistent with the questionnaire results.

Frequency

Point out
mistakes
21%

Hint
12%
Teacher's
help [llustration
3% 16%

Figure 6. Percentage of each scaffold used by the students

Student attitudes towards scaffolding and fading, and participatory simulations on the SPSML-based system
After the pilot study implementation, a survey was conducted. It consisted of nine closed-ended questions about
student attitudes towards the use of the SPSML-based systems (Table 2) on a five-point Likert scale from strongly
agree to strongly disagree (5 to 1). All of the students completed the survey.

Table 2. Survey results

Student attitudes towards scaffolds and participatory simulations SA/A(%) NN(%) D/SD(%) M  SD

Q1 It was helpful to point out mistakes for us. 76.0 24.0 0.0 42 0.81

Q2 It was helpful to offer hints. 76.0 24.0 0.0 41 0.79

Q3 It was helpful to illustrate the basic outlines of tasks. 62.0 29.0 10.0 3.8 098

Q4 The comments from the teacher helped me to improve my 38.0 38.0 24.0 32 0.87
understanding.

Q5 It was helpful to discuss with partners; the comments from 95.0 5.0 0.0 4.6 0.6
others helped me to improve my understanding.

Q6 It was useful to guide us step by step. 52.0 38.0 10.0 3.6 092

Q7 Itis necessary to reduce the help function when I become more ~ 86.0 14.0 0.0 43 0.73
experienced.

Q8 I like learning by participatory simulations. 76.0 24.0 0.0 42 0.81

Q9 Using these history records and videos, it was helpful to reflect  57.0 24.0 19.0 3.6 1.07

on the learning process.

Note. SA/A: strongly agree and agree; NN: neither agree nor disagree; D/SD: disagree and strongly disagree; M:
means; SD: standard deviation

Table 2 summarizes the results of the student attitudes towards scaffolding and fading and the participatory
simulations designed using the SPSML-based systems. The first five questions are related to scaffolding. The results
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show that the mean scores of Q1, Q2 and Q3 are close to 4 (agree), which means that the students were satisfied with
these scaffolds (point out mistakes, hint, illustration, teacher’s help and discussion). Approximately 70% of the
students considered that the scaffolds “point out mistakes” (Q1) and “illustrate the basic outlines of tasks” (Q3) were
helpful for their learning, while approximately 80% agreed that the scaffold “hint” (Q2) was helpful. Regarding the
scaffold “teacher’s help” (Q4) however, student attitudes varied. This might be due to the fact that the number of
teachers was limited and the students could not get teachers’ help in time. On the other hand, 94% of the students
agreed that the scaffold “discussion” (Q5) was most helpful for them to improve their understanding among all the
scaffolds. The mean score of Q5 is close to 5 (strongly agree). Figure 7 shows a graph of mean scores for each of the
scaffolds.

The result of item Q6 shows that over half of the students considered that using the scaffolds to guide them step by
step was useful. By examining student use of the scaffolds recorded on the system, it was noted that the students did
not use the scaffolds to learn easy sorting algorithms such as “bubble sort,” but, rather, they used the scaffolds to
guide them to learn complex sorting algorithms such as “quick sort.” The results indicate that the SPSML-based
systems are suitable for solving complex problems. The findings are consistent with other studies. For example,
Klopfer and Squire (2008) found that the students were basically able to solve simple problems on their own, but
required additional teacher support to resolve more complex issues.

The results of item Q7 show that it is necessary to reduce the help function when the students were progressing in
their learning. In terms of student attitudes towards the participatory simulations (Q8), approximately 84% of the
students indicated that they liked learning in this way. Finally, a majority of the students agreed that it was helpful
for them to reflect on their learning progress using learning history records and videos (Q9).

Reliability statistics

Reliability analyses were conducted for two SPSML-based systems using SPSS. The Cronbach’s alpha of all the
survey items (13 Questions) is 0.832, and the Cronbach’s alpha of Part 1 (student attitudes towards scaffolds and
participatory simulations) is 0.741; thus, we can conclude that the survey items have relatively high internal
consistency.
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Figure 7. Mean scores for each of the scaffolds

Discussion and conclusions

In this paper, we describe a conceptual framework, SPSML (scaffolding participatory simulation for mobile
learning) developed on mobile devices for helping students learn conceptual knowledge in classrooms or in complex
social contexts. We adopted an experiential learning model as the pedagogical design of the SPSML framework,
which consists of five sequential but cyclic steps: the initial stage, concrete experience, observe and reflect, abstract
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conceptualization, and testing in new situations. Scaffolding and fading were designed on the SPSML framework to
support experiential learning. Using the SPSML framework, students could play different participatory roles in
mobile simulations and understand abstract concepts better.

An instance of the SPSML-based system LSAMD was implemented and evaluated. It was used to engage students in
a participatory role-play to learn abstract concepts of sorting algorithms. Student attitudes towards the use of the
system were evaluated using both a closed-ended and open-ended survey. The results show that generally the
students expressed positive attitudes towards use of the system, and considered that the system helped them deepen
their understanding of the abstract concepts more effectively through scaffolding, discussion, and trial and error in
the participatory simulations for experiential learning. This indicates that the learning systems under the SPSML
framework were conducive to the students’ experiential learning, improved their motivation, facilitated
collaboration, and advanced their conceptual understanding. Moreover, the experimental results also show that the
SPSML framework was helpful to the students in improving their learning achievements in terms of complicated
conceptual understandings.

The main contribution of this study is to propose mobile learning with scaffolding approach to improving students'
learning performance in the area of computer algorithms. Although mobile learning and scaffolding have been
employed in previous studies, the application domains have mainly been natural science, social science or
mathematics courses (Chen, Kao, & Sheu, 2003; Chu, Hwang, & Tsai, 2010; Hwang & Chang, 2011). To our
knowledge, no mobile learning study with scaffolding has been applied to computer courses, not to mention the
learning of computer algorithms, which is fundamental and important for fostering programming skills (Kordaki,
Miatidis, & Kapsampelis, 2008). Therefore, the approach of this study is innovative from the perspective of learning
computer algorithms.

In comparison with the traditional approach, in which students practise computer algorithms with paper and pencil or
a computerized editing system (Lau & Yuen, 2010), the SPSML-based system not only situates the students in a
context for experiencing each step of the algorithms, but also provides them with various learning supports (e.g.,
supplementary materials and feedback). Moreover, those computerized systems developed by previous studies, such
as the TRAKLA2 system (Malmi, Karavirta, Korhonen, Nikander, Seppdld, & Silvasti, 2004), an interactive
algorithm simulation system with animation, are more like the system used by the control group of this study. That is,
in those previously developed systems for teaching computer algorithms, no scaffolding (i.e., fade-in and fade-out of
discussion, help, and feedback functions) is provided, not to mention the provision of experiential learning.

To sum up, in this study, the participatory simulations using mobile technologies have situated the students well in
experiential learning contexts (Klopfer & Squire, 2008); moreover, the integration of participatory simulations and
scaffolding is helpful to the students in significantly gaining a higher accuracy rate in performing complicated
sorting algorithms.
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ABSTRACT

Image searches are now crucial for obtaining information, constructing knowledge, and building successful
educational outcomes. We investigated how reading ability and Internet experience influence keyword-based
image search behaviors and performance. We categorized 58 junior-high-school students into four groups of
high/low reading ability and frequent/infrequent Internet usage. Participants used Google Image to complete
four tasks: finding four images that match four given sentences. The results indicate that reading ability exerted
a stronger influence than Internet experience on most search behaviors and performance. Positive relations were
found between search performance and two behavior indicators of search outcome evaluation. Students with
better reading ability tended to use/revise appropriate keywords, as well as evaluate/select images that matched
multiple aspects of the task descriptions. Students with low reading ability/frequent Internet experience tended
to enter a single keyword and carelessly select images, while those with low reading ability/infrequent Internet
experience tended to use improper keywords and were unskillful in handling search engines. Combined, our
results show that successful keyword-based image searches are strongly dependent on reading ability and search
result evaluation skills.

Keywords
Information problem-solving, Image search, Search behavior, Reading ability, Internet experience

Introduction

Many individuals now consider digital cameras, cell phones with photo functions, and online photo-sharing websites
to be indispensable information-sharing tools. The adages of “seeing is believing” and “a picture is worth a thousand
words are now prevalent concepts in both daily life and learning. By illustrating abstract ideas through
visible/concrete content and spatial arrangement, photos can convey non-verbal messages that texts are incapable or
less capable of expressing. In the past two decades, visual image has become predominant form of communication
across a range of learning and teaching resources, delivered across various media and formats (Bamford, 2003).
Teachers frequently incorporate pictures in lectures and assignments, especially in biology, earth science, art,
geography, and history domains. Students are increasingly required to attach supporting photos/figures when writing
reports or creating posters to improve readability and learning effectiveness. These trends have increased the need for
accurate online image search strategies. Successful image searchers are required to identify subjects, meanings,
and/or elements in images, and to make judgments regarding image accuracy, validity, and value.

Many researchers have examined information-seeking behaviors and performance, but have generally focused on
text rather than image searches. Text searches require the comprehension of topic-related connotations, as well as the
use of associated ideas to formulate keywords. In contrast, picture or image searches require theme formulation and
the ability to envision potential results. Given that many current image retrieval systems are keyword based, users
must translate their visions into text keywords, and pictures stored in databases must have descriptive words or
metadata that match selected keywords (Fukumoto, 2006; Hou & Ramani, 2004). Search systems transmit some
pictures for users to compare, assess, and determine whether or not they need to continue a search. Accordingly,
keyword-based image searches can be analyzed as complex cognitive processes involving image-text cross-
referencing, observation, judgment, decision-making, and correction. Note that the presence of semantic gaps and
lack of precise characteristics make keyword-based image searches more abstract and complex than text searches
(Choi, 2010; Cunningham & Masoodian, 2006). For keyword-based image searches, descriptive and thematic queries
are more commonly used than unique term queries. Most users perform a large amount of query modification yet are
still unable to find images they desire in an effective way (Jorgensen & Jorgensen, 2005). Approximately one-fifth of
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all image search queries result in zero hits (Pu, 2008). Yet little is known about factors that can improve the odds for
successful keyword-based image searches, which is the primary motivation for the present study.

Individuals tend to use distinctly different behaviors to perform identical search tasks—for example, reading multiple
pages of search results in detail versus skimming one page of results before trying a new keyword, following
multiple links versus stopping after the first webpage, or using one versus multiple search engines. Different
individuals thus achieve different search outcomes and learning effects. Regarding differences in text search
behaviors and performance, researchers have looked at factors such as cognitive ability (Kim & Allen, 2002; Rouet,
2003), domain knowledge (Park & Black, 2007; Rouet, 2003), thinking style (Kao, Lei, & Sun, 2008), problem-
solving style (Kim & Allen, 2002), cognitive style (Ford, Eaglestone, Madden, & Whittle, 2009; Park & Black,
2007), study approach (Ford, Miller, & Moss, 2005), and Internet experience (Ford et al., 2009; Kim, 2001;
Lazonder, Biemans, & Wopereis, 2000; Moore, Erdelez, & He, 2007; Park & Black, 2007; Wang, Hawk, & Tenopir,
2000; White & Iivonen, 2001). While it seems obvious that differences in individual characteristics and cognitive
development may influence text-search behaviors and performance (Kim & Allen, 2002), few researchers have made
the effort to test these ideas or to identify specific factors influence image searches.

Many image searches aim at locating pictures or illustrations that support text, abstract concepts, or other pictures
and images. The people’s motivations of image searches include a perceived need for illustrations, paintings, maps
(geographic or flow), and cartoons while reading textual descriptions or looking at pictures, as well as a requirement
for images to interpret abstract contents. For this study we purposefully designed image search tasks associated with
texts, since one of the most common motivations is finding images to support paragraphs that lack illustrative
examples.

Reading ability seems to play an important role in keyword-based image searches triggered by texts. During the
search process, users are required to read sentences, comprehend their meaning, and consider relevant keywords for
picture retrieval. Part of their task is comparing multiple search results and evaluating the appropriateness of pictorial
information.

In addition, experience with the Internet and/or search engines is another factor that may affect search behaviors and
performance (Bilal & Kirby, 2002; Hsieh-Yee, 2001). Internet novices (who are generally less flexible in terms of
search strategies) tend to perceive information searches as difficult, laborious, and frustrating (Holscher & Strube,
2000). More experienced Internet users are more likely to employ a variety of techniques (e.g., Boolean operators) or
to experiment with unfamiliar tools in order to achieve better search performance.

To determine the effects of reading ability and Internet experience on keyword-based image search behaviors and

performance, we established the following research questions:

1. Given specific search tasks, how do students perform image searches (search behaviors) in terms of total number
of keywords, average number of Chinese characters per keyword, maximum number of viewed pages per
keyword, total number of viewed pages per task, and search time? How successful are their image searches
(search performance)?

2. What are the effects of reading ability and Internet experience on image search behaviors and performance? We
collected quantitative indicators of search behaviors and performance as well as qualitative observational
descriptions about search process.

3. Do correlations exist between individual search behaviors and search performance?

Literature review

Information and image searches

Marchionini (1995) lists the seven steps of information-seeking as recognizing and accepting information demand,
defining the problem, selecting query sources, formulating a query, executing the query, examining the results, and
extracting information. Brand-Gruwel, Wopereis, and Vermetten (2005) use the term information problem-solving to

describe similar search actions. To achieve resolution, the multi-step and non-linear information-seeking process
requires repetitive execution in addition to trial-and-error activities (Marchionini, 1995). Information searches are
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considered examples of complex cognitive processes, with individuals adopting different methods and sequences to
find information (Hsieh-Yee, 2001; Rouet, 2003; Walraven, Brand-Gruwel, & Boshuizen, 2008).

Search engines have radically altered information-seeking habits. In developed and many developing countries, most
high-school and college students (and non-students) immediately turn to the Internet to find information (Brand-
Gruwel et al., 2005). They are required to actively seek and evaluate information and to construct knowledge from
online searches (Bilal & Kirby, 2002). Users may acquire new concepts emerging from online information (Tsai &
Tsai, 2003), which they subsequently integrate with prior knowledge (Brand-Gruwel et al., 2005). The ability to find
information is frequently described as a problem-solving skill (Laxman, 2010; Park & Black, 2007; Walraven et al.,
2008), one that entails planning, monitoring, evaluating, and revising—activities associated with metacognitive
learning strategies (Brown, 1987). Since many search results are now displayed in some form of multimedia, learners
have more opportunities to use sound, pictures, and text to construct knowledge, thus making knowledge acquisition
a concrete representation of cognitive elaboration (Reigeluth & Stein, 1983). For our purposes, we viewed
information searching as an active process of cognition and learning, and then investigated how different users
“learn” to look for meaningful information online, and how they locate useful results.

Of all the strategies and techniques that Internet users employ, proper keyword selection is viewed by many
researchers as pivotal to online search success (Fukumoto, 2006; Hsieh-Yee, 2001; Pu, 2008; Spink, Wolfram,
Jansen, & Saracevic, 2001; Tu, 2005; Wang, Liu, & Chia, 2006; White & livonen, 2001). Search engine hits tend to
be more relevant as the number of keywords used for an individual search—as Hsieh (2000) observes, the more
definitive the query, the more accurate the findings. According to Pu (2008) and Walraven et al. (2008), many
Internet users have trouble executing successful searches due to inaccurate statements or inappropriate structure—
that is, they select keywords that are too wide or too narrow. A typical keyword-based image search process consists
of typing in one or two keywords, viewing the resulting images, and repeating the process (Fukumoto, 2006). Since
most search engines require keywords to locate text, pictures, and video or audio files, user selection of appropriate
keywords is essential to success. Accordingly, we considered “total number of keywords” and “average number of
Chinese characters per keyword” as search-behavior indicators regarding the aspect of keyword usage.

Other focal points include how users compare, evaluate, and verify information in terms of purpose, trustworthiness,
and accuracy. Tsai (2004) notes that Internet searchers must evaluate the information they find until they identify the
best results. Rouet (2003) suggests users improve their chances of success when they double-check search results,
but others observe that most searchers want to use as little effort as possible to find the information they need (Spink
et al., 2001). Assuming that judgments of accuracy influence search-result precision, we investigated the ability or
motivation of users to accurately assess information. Specifically, we used “the maximum number of viewed pages
per keyword,” “total number of viewed pages per task,” and “search time” as search-behavior indicators regarding
the aspect of result evaluation.

Internet experience

Kim (2001), Matusiak (2006), and White and livonen (2001) are among researchers describing associations between
search behaviors/performance and Internet experience. In a study of search strategies used by college students (ages
21-30) and non-students (ages 35-62), Matusiak (2006) found that students preferred keyword searches to browsing
pathways, and felt more confident about their search skills due to their regular Internet usage. According to Yuan
(1997), search experience enhances both user speed and the ability to make adjustments in online search approach or
technique. Park and Black (2007) describe correlations between search experience and both search time and outcome,
and suggest that search experience increases user familiarity with search strategies and supports the development of
information search schema. According to Holscher and Strube (2000) and Wang et al. (2000), the most experienced
Internet users tend to apply more advanced techniques and express more complex behaviors in response to not
immediately finding what they are looking for. Examples include using advanced search options, trying alternative
search engines, and reformulating or reformatting original queries to take advantage of Boolean operators, modifiers,
and phrases.

Other researchers assert that experience does not automatically result in better search performance. Wang et al. (2000)
report that regardless of experience, participants in their study spent very little time looking at individual pages.
Yuan (1997) asserts that experienced users may make the same number of errors as less experienced users, for
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instance, not knowing how to navigate around error messages without assistance. According to Lazonder et al.
(2000), experienced Web users are very proficient at finding websites, but less successful in finding specific
information within websites. Since finding information requires scanning, reading, and evaluation, there may be little
difference between Internet novices and experts in terms of these skills or subject matter knowledge. Tu (2005)
suggests that students with more Internet experi