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Preface
Dear NBE 2007 Conference Participants,

We are pleased to welcome you all to the second NBE 2007 international conference The Power of Media in Education
organised during the days of 13-15 June in Rovaniemi, Finland. The first NBE Conference was held in Rovaniemi at
the University of Lapland in the year 2005 (http://www.ulapland.fi/nbe2005). The first conference turned out to be an
informal and friendly gathering providing participants with rich opportunities to exchange ideas and information about
technological tools in education, teaching and learning in novel learning environments, and about media education. We
hope this tradition will continue to flourish during the present conference.

We have a great privilege to host widely recognized experts as our keynote and invited speakers. We are grateful to
Professor Paul Kirschner from Utrecht University, The Netherlands; Associate Professor Ricki Goldman from New York
University, USA; Associate Professor Cindy E. Hmelo-Silver from Rutgers University, USA and Lecturer Jonathan
Foster from University of Sheffield, UK. Thank you for your willingness to share your expertise and insights with the
whole conference community.

The organizing committee of the conference received 21 paper submissions out of which 12 passed the review process,
the acceptance rate being 57 %. The core themes of the accepted presentations are: (a) ICT in Teaching and Learning,
(b) Technological Tools in Education; (c) Play and Game-Based Learning, and (d) Mobile Technologies in Teaching
and Learning. These themes also guide the structure of the whole conference program.

We are grateful to the reviewers of the conference submissions for their intellectual commitment and sustained work
in ensuring the scientific quality of the conference program. Our special thanks also go to Ms. Merja Koriseva for her
important work in the graphic design of the conference materials. Finally, we would like to recognize the significant role
of our sponsors who have believed in the importance of our work in organizing the present conference. The sponsors are
the Academy of Finland, CICERO Learning, City of Rovaniemi, Doctoral Programme for Multidisciplinary Research
on Learning Environments, Lappset Group Ltd and WebSeal. We appreciate you all.

The venue site for the NBE 2007 conference is exotic and unique. The University of Lapland is the northernmost of
all universities of the European Union. Moreover, the city of Rovaniemi is generally considered as the Gateway to
Finnish Lapland. This northern area has always been at the crossroads of the past and future, characterized by rich
cultural heritage as well as technological achievement and civilisation. The conference site will thus offer us an exciting
intellectual setting to meet, share, and learn from one another.

We sincerely hope you will enjoy the conference. Welcome!

From the Organising Committee

Professor Heli Ruokamo, Chair
University of Lapland

Organising Committee Members

Project Manager, researcher Marjaana Kangas,

University of Lapland

Senior Research Associate Miika Lehtonen,

University of Lapland

Conference Coordinator Marja-Leena Porsanger, Hosting University
University of Lapland University of Lapland
Professor Kristiina Kumpulainen, Faculty of Education

Director of CICERO Learning, University of Helsinki Centre for Media Pedagogy (CMP)
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Video In-Sites: Orion™ for Sharing Perspectives
& Changing the Nature of Knowing

Ricki Goldman
http://www.steinhardt.nyu.edu/profiles
ricki@nyu.edu

CREATE Lab

http://create.alt.ed.nyu.edu/

Program in Educational Communication and Technology
NYU Steinhardt

New York University

239 Greene Street, #302

New York City, NY 10003

Sharing perspectives to gain insights from video “data” is a critical part of the research and learning proc-
ess. Moreover, the Points of Viewing Theory—a theory that overcomes the static, isolating, individualized
approach of point of view, in favor of the dynamic tension that operates among points of viewing, points that
generate intersecting sight-lines—enables people to catch sight of each other, as interpreters, even as they
project their own point of view on what they are learning. In this paper, I discuss the methodological approach
called the Perspectivity Framework to demonstrate how video data creates social connectivity knowledge.
I argue that a theory and methodology for sharing perspectives not only enables learners, teachers, and re-
searchers to understand how the appreciation of each other’s selections, interpretations, and decisions about
the topic they are studying is beneficial, but also how both the theory and method are enhanced by using a
video-based social connectivity platforms. In these emerging networked environments, traditional knowledge
boundaries are crossed. Using Orion™, one such video data analysis and social connectivity environment,
learning cultures can be woven together as knowledge embedded in video is shared, interpreted, and reconsti-
tuted. This is not a revolution. Not a paradigm shift as Thomas Kuhn called these shifts. Instead the changes
we are now experiencing are gradual evolutions of overlapping genres where each genre also connects with
the other as people interact within virtual visually-based spheres we are only beginning to understand.

Keywords: perspectives; video; research; learning; video tool; Orion™; evolution

1 In-Sites Using Video

As we know from the recent ubiquity of online digital video, video has become a compelling tool for educational
representation. Students use it in their projects; teachers and pre-service teachers use it to study pedagogy; and,
researchers use it for capturing and examining how learning happens, as they unfold. However, one has to ask what
larger frameworks are at play. Do digital videotexts offer insights that act as change agents in educational settings? I
propose that they provide an enhanced experience of both personal and shared perspectives, an experience that builds
the Perspectivity Framework. This framework lays the foundation for an evolving transformation in education. Where
education has been mostly concerned with improving instruction and construction of knowledge within disciplinary
boundaries, education has shifted toward improving communication methods, tools, and strategies across disciplines.
Video is more than a tool for instruction or construction; it enables the sharing of perspectives about knowledge. It
creates a heightened sense of immediacy, presence, and networking. It expands the possibility of reviewing events that
can lead to creating a generation of epistemologists. In short, digital video provides learners, teachers, and researchers
with a powerful method of reflecting upon and negotiating meaning within a culturally diverse social network.
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People often ask why learners and teachers—not only researchers—need to work with video. How can we possibly take
what precious time we already have in schools as learners (hopefully) become literate in many knowledge domains, and
ask students to work with video within that time? What possible educational value can video have, except for those who
will become video artists or enter the entertainment industry?

Researchers have shown great interest in exploring the educative value in games and game-like environments starting
with Logo, NetLogo, and Scratch—as tools for learning how to program (Blikstein, Abrahamson, & Wilensky, 2005;
Kafai, 2006; Kafai, Resnick, 1996; Peppler & Kafai, 2006a & 2006b). Researchers have also explored how gaming
impacts learning in a general sense and in specific learning domains. For example, Fudenberg and Levine (1998)
examine the theory of learning in game and how learning happens in the gaming environment; Gee (2003) investigates
how video games promote literacy acquisition and learning; Prensky (2004) examines how learners have changed in the
games generation; Johnson (2005) argues that that playing video games actually make us smarter; and Squire (2002)
reminds us of rethinking the role of games in education. In one of his recent research, Squire (2005) examines how
videogames enter the classroom and change the traditional way of teaching and learning.

However, researchers have failed to address how using (selecting, uploading, tagging, and analyzing) personalized
and shared video change educational practices. Perhaps it has seemed like an activity for video professionals only. The
use of video once conjured up cramped editing rooms with tapes piled high on flat surfaces and video editors sitting
in darkrooms for days. Now, video is no longer restricted to a video-editing suite. It has become integrated with of
every other bit and byte on the computer. Moreover, the video camera has become almost as ubiquitous as the digital
camera and the cell phone. In fact, the cell phone can record video images easily uploaded to the web. Routinely, people
videotape the mundane and the exotic. They videotape an approaching subway, the stream of people on elevators in
train stations, and each other while they talk. The current global technological obsession is the desire for interactive,
personalized, and shared records of our experiences. And, we want to be able to share these experiences anywhere
anytime.

Sitting on a mountain peak at Whistler, British Columbia, a young couple views their video on a small 2-inch by 2-inch
built-in monitor rather than looking at the expansive landscape in front of them. When they move away from their perch,
our eyes make contact and we exchange pleasantries. We chat about the beauty of the Blackcomb mountain range. After
explaining to them that I am a videographer and am curious about what they were viewing, they, a bit embarrassed
about an outsider having observed them, explain that sharing the video on this inspirational spot makes them feel closer
to each other. They like sitting close, watching their video of themselves and the mountains. They also tell me that they
like talking about what parts of the video they liked the best—to share their experience and reflect “on the ground” as
it were, the meaning of their experiences. They also tell me they didn’t want to “miss anything” as they would not be
back for a long time. And, (more giddily) they want to see how they looked in that spot. How their partner filmed them
within the remarkable landscape. So, the video is not simply a tool for transferring information or even for constructing
new knowledge. It is a framework for sharing perspectives on the known and for negotiating the unknown.

In short, video is here and it is everywhere. On iPods, on cell-phones, and on any other media device we carry into
schools, homes, trains, or planes. We want to view things, sometimes over and over, especially if we shot them or are
“actors” in them. We want to make selections of things we liked and send them to each other. And, for some of us,
we just want to know that we were there and that those moments are saved (somewhere), in our archives as messy or
organized as they may be, so that later, at some time down the road, when we want to see ourselves on the mountain
top again, we can take the time to think about how those moments, those precious moments, were spent and what larger
meaning they had in this journey through life as we learn more about ourselves, others, and the world around us.

Shooting, selecting, and using video and other visual media on a range of media tools is not only a romantic quest for
saving the moment and sharing it on a mountain top. My example is meant only to suggest that video is so pervasive that
is impossible to escape its lens, whether the camera is in our homes, schools, or walking into the airport. When we invite
the camera in to document what is occurring or when we select the video for use in our learning, teaching, and research,
it changes those environments fundamentally. What was once private is immediately public. So the question is not if
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video is going to be used, it is how video can be used for our benefit rather than as yet another surveillance tool watching
over our activities and erasing any semblance of private space. To think about the use of video in education, one must
consider not only the best cases, but also how to prevent the worst cases from occurring. And for that, we need to build
upon a framework that will enable this technology to be used for the benefit of learning, teaching, and research.

2 The Perspectivity Framework

Perspectivity frames how learners, teachers, and researchers make meaning of events from both individual and multiple
points of viewing (Goldman-Segall, 1998). Also see:_http://www.pointsofvewing.com. It also provides us with a tool
to take advantage of the richness of individual and diverse perspectives as we select, analyze, and construct media,
particularly video, on and for iPods, handhelds, and online learning environments. The Perspectivity Framework has
previously been defined as a research approach for making meaning of digital video data by layering multiple points
of viewing (Goldman & Maxwell, 2002). The video data become robust as meanings are negotiated, layered and
saturated with implication and significance. The layering can occur with an online video analysis tools, such as Orion™
(Goldman, 2007) or other video data selection and analysis systems (Stevens, 2007; Pea et al, 2007). It can occur
without these technologies, of course, but the technologies act as fools to think more deeply about the process.

The perspectivity framework is also a methodological framework for learning, teaching, and researching based on the
points of viewing theory. As [ wrote in a recent chapter on the tool, Orion, in Video Research in the Learning Sciences
(2007)...

The points of viewing theory (POVT) has at its heart the intersecting perspectives of all participants with
a stake in the community. It is a theory about how the interpretive actions of participants with video data
overlap and intersect. To embrace how these points of viewing converge (and diverge) leads to a deeper
understanding of, not only the event and the video event, but also the actual physical and the recorded context
of the topic under investigation. The points of viewing theory overcomes the static, isolating, individualized
approach to point of view, in favor of the dynamic tension that operates among points of view, points that
generate intersecting sight-lines, enabling people to catch sight of each other, as interpreters, even as they
project their own point of view. In this way, POVT underscores the importance of attending to how others
project meaning on events. While attending to intersecting data of viewer and viewed, every interpretive
action has the possibility of infusing meaning which creates new representations that, if carried out with
sensitivity, tenderness, and humanity, resonate with the reasonable nature of members of a larger community.
(Goldman, 2007, p. 508.)

The perspectivity methodological framework (Goldman and Maxwell, 2002) maintains that advanced video technologies
offer a larger range of possible interpretations on what occurred in a given setting, knowing that every stakeholder has
a different viewing of the event—a viewing that affects changes in perception as the video is shared, annotated, and
put into new configurations within social networks. The perspectivity framework also describes the benefits of seeing
and understanding events from multiple points of viewing; these multiple points of viewing provide learners with a
clearer understanding of complex situations. It provides learners, teachers, or researchers to “see” that all knowledge
is, at best, partial and emergent (Clifford, 1986). Thirdly, the perspectivity framework underscores how video is an
epistemological tool, perhaps a better tool than the written language enabling learners to communicate and share what
they are making, doing, and thinking during their process of learning. In other words, using video and this framework
enables a shared space for exploring the process of knowledge construction.

3 The Highly Visual Evolution

Starting with Apple’s release of HyperCard™ in the late 1980s, learners have been able to integrate a variety of digital
media forms into documents. Multimedia, hypermedia, new media are the terms we have used to describe this use of
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visual media in learning. Of course, this is not the beginning of our use of a variety of media to learn. People have
always used diverse visual media to communicate with each other and learn (Gordon, 1977; Levinson, 1997). Every
written language is a visual representation, like an ever-changing vessel that holds the accumulated communication and
learning of communities, peoples, and countries. Written words (also visual media, to some extent) stand for sounds,
objects, ideas, and ways of presenting and marking in stone that which was fleeting and ever changing (Sanders and
Illich, 1988).

In prehistoric times, we communicated our needs, ideas, experiences, emotions, or interpretation of events with sounds,
gestures or simple “tools” such as stone, parchment, or any object or expression that could be manipulated to convey
a message. The purpose was to enable others to “view” or share our experience. The use of simple tools-made objects
enabled knowledge to be “captured” in a form that stood for something other than the material from which it was
created. In other words, they became a representation or an artifact of the thing it stood for. In short knowledge could
be transferred and, if compelling enough it would be selected by others as significant and meaningful for their own
knowledge and communication processes. And, then, of course, each communication act would build multiple interactive
episodes that created, not only layers, but also patterns of interpretations and creations that could be recognized by
others within genres and classifications. As we know, within time, one such expressional object (artifact) could stand
for an entire discourse community or several interconnected ones—for example, the golden calf, a painting of a pond
with water lilies, or a specific hand gesture.

Knowledge gleaned over centuries suddenly became accessible to those who could afford to acquire mass produced
books instead of ones that were painstakingly word-for-word hand-written. One could infer that the institutionalization
of public schooling, an institution that has primarily used the written document in almost every aspect of transmitting
and testing learning, would most probably have not emerged without the Gutenberg Revolution as Jenkins (2004) and
most other media scholars have pointed out (Moos, 1997; Thorburn & Jenkins, 2003).

New media, particularly broadband digital video with its richness for viewing the actions of real events and for
presenting stories, has now captured the imagination of educators—not simply as a supplement to fill in time at 2:00
pm on a Friday afternoon as was the case in the latter half of the 20th Century when teachers would show films to their
classes, but rather, as a rich environment for viewing, reviewing, annotating, and then selecting elements or chunks for
future use in a larger dynamic and interactive project. The oddly coherent nature of new visual media, even in its raw
form with no editing, enables viewers to feel like one is present (Mizoeff, 1999) and that there is here, whether we are
in the process of learning, teaching, researching, or at play. Clifford Geertz (1973) and other anthropologists refer to this
phenomenon as “being there.” It is what ethnographers (who were yet influenced by postmodernity) tried to create in
the construction of written texts. Using video, for example, creates this sense of presence, immediacy, and engagement;
it is part of the nature of the medium. Using the digital camcorder, we place ourselves into a visual display in much
the same way that Woody Allen presented in his movie, The Purple Rose of Cairo. Like Jeff Daniel’s character, the
dashing Tom Baxter who walks off the screen into the arms of Mia Farrow’s character Cecilia, we think that the visual
boundaries are permeable. We not only think that we can change events by infusing our interpretation upon what is
recorded, and, we also think that by our virtual presence, we affect a change in the story on the screen—if not for others,
then certainly for ourselves. We read ourselves into the visual experience in a way that is probably more powerful than
the way we read ourselves into a novel or a musical experience.

However, it is not only learners who learn from the use of video and other visual media forms. Teachers use it to improve
their pedagogy (Teachscape, 2000; Derry, et. al., 2002) and to create a professional vision (Sherin, 2007); and pre-
service teachers use video to study how other teachers work in problem-based environments (Derry, & Hmelo-Silver,
2002). Moreover, a growing community of educational researchers in the learning sciences use video for capturing the
events in learning settings to better understand the nature of the learning process (see Video Research in the Learning
Sciences by Goldman, Pea, Barron, and Derry, 2007). Video technologies create a visually compelling context for
interpreting meaning. They also enhance our “e-motion” through complex topics. Moreover, they expand our ways of
communicating, providing us with the feeling of being present with others.
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We think we know how to view video. More or less. We seem to know how to conduct some reviewing and analysis
of video data. For example, Bodker (1995) proposes applying the activity theory to video analysis. Jacobs, Kawanaka
and Stigler (1999) propose a cyclical analysis process to analyze video data. In the early research conducted by Adams
and Biddle in 1970, they display the picture of how video was used in teaching in 1970s. They also predict that video
be widely used in educational settings. Later research approves the prediction. For example, Foster (1984) explains
how video is used as an educational research tool. We also have some good examples of how it has been used in both
school-based learning (Abell, 1996; Derry, 2004) and in informal settings (Barron, 2004). There are also examples of
how it has been used for teacher preparation programs (Goldman & Barron, 1990; Stephens, Leavell, Fabris, Buford,
& Hill, 1999). To some degree, we can predict what tools may aid us in our future indexing and searching (Goldman,
2007; Goldman & McDermott, 2007; Goldman-Segall, 1993; Goldman Segall, 1989). But, do we really understand its
slippery nature and how to convey the meaning of what was experienced when the camera was turned on? Do we really
know what to delete, what to showcase, what tags to use, what grouping to make from our collections that explain or
communicate meaning? We need to not only look in our sites, our websites, and understand these elusive segments of
video data, but we need to develop the sensitivity to gain insightfulness.

4 Orion™ for Sharing Video of Learning In-Sights

To be presented at the conference keynote address.
Orion can be found at http://www.videoresearch.org.

5 In-Sites

The studies I have conducted over the past two decades show how learners, teachers, and researchers in video cultures
experienced an enhanced sense of immediacy and agency, and a deeper appreciation of their own perspective and the
perspective of others. Moreover, one can clearly see how they learned to appreciate each other’s viewpoints, a trait we
should all hope children (and adults), as global citizens, might learn as they learn to work together in every walk of life.
These studies provide us with qualitative evidence that our interwoven learning cultures are on the edge of a major shift
as more and more knowledge construction is “related to” the selection, interpretation, and construction of knowledge
using these rich video mediated texts. It is not a revolution that we see. Not a paradigm shift as Thomas Kuhn (1970)
might have called it, and not exactly how Lev Manovich (2001) refers to the continuity of media forms, but rather an
evolution of overlapping genres, each interacting with the other as we move from stone carvings to virtual video-based
game worlds for exploration and connoisseurship.

My vision for the future is that learners, teachers, and researchers in distributed communities will gain knowledge and
tolerance of diverse ways of living through learning about each other. It strikes me as not an accident that the word
vision is about seeing—our vision, and that the word theoria once meant a viewing. In creating a shared vision for
educational change, we will continue to build upon existing educational theories and create even more compelling
digital video representations and illustrations of what we understand, thereby providing valuable insights into the range
of possibilities in the learning process.

As participating members of video-based learning cultures, we, as educational researchers, teachers, and learners, can
now gain deeper, richer, and perhaps more valid windows into our own and each other’s thinking processes using these
video records and video texts. And this reflective insightfulness could change education in ways that we could not have
foreseen before the digital video evolution.
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In an increasingly complex world, learners need to be able to engage with complex phenomena. Such phe-
nomena are critical to understanding the world but to learn about them, one needs to engage in complex,
meaningful tasks. Such tasks are difficult and require scaffolding to help learners engage in the tasks and learn
from them. This paper will consider how technology can provide support for complex learning and provide
examples of software designed to support and scaffold complex learning.
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1 Complex Learning

In an increasingly complex and changing world, people need to be able to go beyond learning the knowledge and facts
in a domain; they also need skills and dispositions for lifelong learning, reasoning, and problem solving (Fischer &
Sugimoto, 2006). But engaging with complex phenomena is difficult, and may impose excessive cognitive load that
could overwhelm the learner (van Merriénboer, Kirschner, & Kester, 2003). What then is the solution? One approach
is to simplify the task; another, advocated here is to provide scaffolding that can help learners manage the complexity
(Hmelo-Silver, 2006; Hmelo-Silver & Azevedo, 2006). Technology has great potential to provide rich contexts for
complex learning and needed scaffolding.

Complex learning is often situated in inquiry learning (IL) or problem-based learning (PBL) contexts (Hmelo-Silver,
Duncan, & Chinn, in press). In these contexts, students learn content, inquiry practices, reasoning strategies, and
lifelong learning skills through collaborative problem solving, reflection and participation in inquiry. These approaches
are organized around relevant, authentic problems or questions and place heavy emphasis on collaborative learning
and activity. Students are engaged in sense making, developing evidence-based explanations, and communicating their
ideas. The teacher plays a key role in facilitating the learning process (Hmelo-Silver & Barrows, 2006). A PBL problem
for pre-service teachers might ask them to redesign or adapt instruction (Derry, Hmelo-Silver, Nagarajan, Chernobilsky,
& Beitzel, 2006). IL environments such as the Web Integrated Science Environment (WISE) provide students with
scientific problems and research materials that students examine to reach a conclusion about the problem (Linn &
Slotta, 2006). However, students need help and support to learn in these environments.

If learning is so difficult in these environments, then one might ask why bother? Certainly if the goal of education
were merely to equip students with discrete bits of knowledge, then these situated approaches to learning might not
be worthwhile. However, if the goal is to prepare learners with useable knowledge and soft skills such as reasoning
and lifelong learning skills, then preparing people to deal with complex phenomena and ill-structured problems is
important (Abrami, 2001; Derry & Fischer, 2007; Fischer, 2007). As Kuhn (in press), Fischer (2007), and others have
argued, learners need to be prepared for a changing world in which knowledge is changing, may not be applicable in
straightforward ways (Spiro, Coulson, Feltovich, & Anderson, 1988) and may require integration of theoretical and
case-based knowledge (Kolodner, 1993). Learning environments need to provide opportunities and scaffolding for
learners to develop these kinds knowledge, skills, and dispositions.
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2 Scaffolding Complex Learning

In environments that support complex learning, students often learn through engaging in some consequential task. The
challenge then is to provide scaffolding that allows them to competently do the task while also learning from that task.
Scaffolding is built on the notion of a zone of proximal development- the zone of activity in which people can perform
tasks with assistance that they could not do by themselves (Vygotsky, 1978). There are several ways to scaffold complex
learning. One way is to structure the task so as to channel the learner’s actions by highlighting relevant task features and
constraining what they can do (Pea, 2004). This does not necessarily make the task simpler but increases the likelihood
that the task will be achieved. Structuring helps guide learners through key aspects of tasks as well as supporting
planning and performance (Reiser, 2004). Alternatively, scaffolding may actually make the task harder (Reiser, 2004).
This problematizing can help learners engage in constructive processing as they think about key content , epistemic
practices, and strategies (Chi, Siler, Jeong, Yamaguchi, & Hausman, 2001).

Here we consider primarily three kinds of scaffolding (Collins et al., 1989; Hmelo-Silver, 2006).

1. Communicating process involves presenting the process to students, structuring and sometimes
simplifying the process. This can occur through modelling a process. Structuring the process means
defining the stages of an activity whereas presenting it involves explicitly providing the students with
the stages of an activity.

2. Coaching entails providing guidance to learners as they perform a task. This can be accomplished by
highlighting critical steps of the process as students are working on a problem. Coaching can
include statements that help frame the problem and articulate
the goals (Hogan & Pressley, 1997).

3. Eliciting articulation is asking the student to explain (to themselves or others) to encourage reflection.
This can help enhance constructive processing (Chi et al., 2001), make thinking visible, and consequently,
open for discussion and revision.

These approaches to scaffolding are grounded in social constructivist theories, which place a strong emphasis on
discourse structures that support instructional conversations (Palincsar, 1998). For example, in problem-based learning,
facilitators use a variety of discourse strategies to scaffold collaborative knowledge building as they engage with
complex phenomena (Hmelo-Silver & Barrows, 2006). Many of these scaffolds are integrated into technology-based

3 The Role of Technology

Technology has (at least) four major roles in supporting complex learning (Goldman-Segall & Maxwell, 2003). The
first is providing a rich context for learning, such as new media might provide. Such contexts might include digital
video cases or computer simulations (Derry et al., 2006; Gredler, 1996; Hakkarainen, Saareleinen, & Ruokamo, in
press). These contexts provide opportunities for students to view and re-view complex phenomena, such as video of
a classroom. Simulations provide opportunities for learners to observe, conjecture, and test ideas about phenomena.
They may also scaffold learning through presenting models. The second is providing spaces for students to collaborate.
These might take the form of threaded discussions, chat rooms, or online whiteboards. Different kinds of collaboration
spaces have affordances for different aspects of collaborative activity as they elicit articulation and support reflection
(Hmelo-Silver, Derry, Woods, DelMarcelle, & Chernobilsky, 2005; Stahl, 2006). Third, technology can provide
access to and structure information in ways that promote particular kinds of knowledge organization (Azevedo, 2005;
Spiro, Feltovich, Jacobsen, & Coulson, 1991). Hypermedia, internet, and databases are examples of such tools. Their
organization helps scaffold learning by providing models of expert knowledge organization.

Fourth, technology can provide scaffolding through tools that help learners both accomplish the task and achieve

their learning goals, such as tools that support collaborative knowledge building and reflection. This may include
representations that model particular kinds of reasoning processes, activity structures that communicate approaches
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to problem solving, and prompts that are designed to elicit articulation. The first two of these help decrease cognitive
demand by providing models and external guidance for students that help structure the activity. Eliciting articulation
may play the role of problematizing by asking learners to think about what they are doing and thus promote knowledge
construction. The next sections presents three design studies that exemplify how technology was used to support
complex learning in domains ranging from designing clinical trials to aquatic ecosystems to classroom application of
the learning sciences.

4.0 Design Studies
4.1 OncoTCAP

Designing clinical trials to test new drugs is a complex process that goes beyond controlling single variables. OncoTCAP
is a simulation tool originally designed to help professional cancer researchers. To use this tool for helping medical
students learn about clinical trials, the Phase 2 clinical trial wizard, shown in Figure 1, was developed (Hmelo et
al., 2001). Scaffolding was developed based on expert scientists’ experiment schemas (Baker & Dunbar, 1996). The
simulation provides a context for learning as well as scaffolding to help learners deal with the complexity of clinical

trial design.

Phase Il Clinical Trial Wizard - Step 1: Schedule

Treatment Schedule : Please enter

(1) your patient's treatment schedule (i.e., Week 1 [Days 1, 2 and 3], Week
2 [Days 4 and 5], etc...) by clicking in the appropriate boxes,

(2) the drug dose, and

(3) the frequency with which you want the cycle repeated,

Week 1 eek 2 eek 3 Week 4
pittamycin L2 I 2 I
Dose lso— mg/M~2 per day

Repeat this course after : |2g] Days

‘When you have completed these tasks, click Next

Cancel | < Back | Next = | FEiniisty |

Step 1 of the Clinical Trial Design Wizard: Defining the
dose and schedule

Phase Il Clinical Trial Wizard - Step 3: Off Treatment Criteria

Off-Treatment Criteria,

Select the circumstances under which your patient will stop receiving
drug treatment by checking the appropriate boxes and assigning
numerical values when needed.

‘When you have completed these tasks, click Next.

v e |4 course has been complete
1f th th has b leted

I If the primary tumor increases by |25 %o

G over baseline

v If MEW metastases appear

v IF toxicity grade is == |4

Cancel |

Phase Il Clinical Trial Wizard - Step 2: Dose Modification due to Toxicity

Dose Modification Due to Toxicity,

If your patient experiences a particular grade of drug toxicity (0=none,
4=severe) at a selected site, you may assign mandatory dose-reduction
criteria ko prevent irreversible drug toxicity.

By clicking on the appropriate selection, you may decide whether the dose

reduction applies to the next treatment, or the rest of the treatment. When
you have completed these tasks, click Next.

iff Toxicity iSINeuroIngic 'I and grade = |3 vI , then reduce dose by ISD %o

" For Next Treatment (Ol {

if Toxicity isl 'I and grade >= I 'I , then reduce dose by %

" for Rest of the Course

€ for all Remaing Courses

" for Next Treatment  for all Remaing Courses

Cancel | < Back I Mext > I FEiniist I

Step 2 of the Clinical Trial Design Wizard: Modifying the
dose due to toxicity

Phase |l Clinical Trial Wizard - Step 4: Trial Design

Trial Design. Assign the statistical parameters for the design of your clinical
trial, On the basis of this information, the Wizard will determine (1) the
optimal patient sample size and {2) the minimal number of patients that must
respond to treatment in order to conclude that the drug is active. When you
have completed these tasks, click Mext.

Probablility of accepting poor drug (alpha) B |1_
S
H I.l—
S v

{ " Calculate Optimal Trial Design |

Probability of rejecting good drug (beta)
Response probability of poor drug

Response probability of good drug

First Stage Sample Size (n1) : 4 Stop and reject dug if # responses < or = (11 @

Total Sample Size (n ] 111 PReject drug if total # responses < or =[] s 2

Cancel | < Back | Mext = | FEinist |

Step 3 of the Clinical Trial Design Wizard:
Deciding when individual patients will be taken
off-treatment

Figure 1. Phase 2 clinical trial wizard (Hmelo-Silver et al., 2000)

Step 4 of the Clinical Trial Design Wizard: Setting the
statistical parameters
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OncoTCAP models populations of cancer cells and provides two ways of displaying simulation results. These
representations allow learners to explore the simulation from the perspective of an individual patient or the population
of patients. In the Cancer Patient Simulator (CPS), the interactive simulation of tumor cell growth is shown by means
of a graph of the number, characteristics, and location of tumor cells in a single patient.

The Multiple Patient Simulator (MPS) runs the same simulation as the CPS over many patients. While the simulation
is running, the MPS window shows a dynamic tally of the number of patients simulated, the number of responses,
cures, and deaths. At the end of the simulation, the MPS window displays the history for any selected patient. The
patient histories can be browsed, and a selected patient history can then be displayed in the CPS, showing the ordinarily
invisible details of cancer cell subpopulations changing over time. The MPS and CPS are the main representations used
for displaying Phase 2 Clinical Trial Wizard results.

The Phase 2 Clinical Trial Wizard helps scaffold student learning about trial design without dealing with the complexity
of the underlying simulation environment. The screens were designed to help communicate the trial design process in
terms of the Phase 2 clinical trial design schema. Design decisions were made based on (a) what experts need to know
and (b) important aspects of the design process that novices have difficulty in understanding.

Breaking the task into multiple subtasks reduces the cognitive load required to complete the task. Thus, the scaffolding
helps learners manage the complexity by focusing their attention on semantically important elements of the clinical
trial design process. The wizard provides support for running the simulation in three ways. First, it makes the learner
aware of the expected elements in the Phase 2 Clinical Trial by the contents of the various screens. Second, the wizard
structures inquiry by allowing learners to concentrate on one subtask at a time. Third, much of the complexity of the
simulation environment is reduced as the wizard uses a simplified interface to (a) transparently generate the input
needed to run the simulation and (b) present only the relevant results to the learner.

Learning outcomes and processes were studied as groups of medical students worked with the OncoTCAP environment.
The results demonstrated significant gains on a clinical trial design task (Hmelo et al., 2001; Hmelo-Silver, 2006). In
addition, studies of the group discourse demonstrated the kinds of difficulties students had in understanding trial design,
how the software helped in scaffolding the complexity, and where a human facilitator was needed to provide adaptive
scaffolding (Hmelo, Nagarajan, & Day, 2000; Hmelo, Nagarajan, & Day, 2002).

4.2 RepTools

Complex systems are everywhere in the world, are difficult to understand, and are important for understanding in many
science domains. The RepTools suite of tools was designed to support learning about complex systems by focusing on
a conceptual representation, the structure-behavior-function representation (Goel et al., 1996). It consists of function-
centered hypermedia and NetLogo computer simulations in two complex systems domains: the respiratory system and
aquarium ecosystems (Liu, Hmelo-Silver, & Marathe, 2007; Wilensky & Reisman, 2006). These tools provide rich
contexts and structure information based on expert models (Hmelo-Silver, Marathe, & Liu, in press). The hypermedia
introduces the system with a focus on the functional aspects but provides linkages between the structural, behavioral
and functional levels of the systems. By exploring this hypermedia, students can construct a basic understanding that
prepares them for their inquiry with the simulations. For example, the function-oriented aquarium hypermedia introduces
students to this system with two big functional and behavioral questions on the opening screen: “Why is it necessary to
maintain a healthy aquarium?” and “Why do fish and other living things have different roles in the aquarium?”” From
these questions, the students can go to information about the functional aspects of the system, then to the behavioral
aspects and finally to the structural knowledge (see Liu et al, 2006 for details).

The aquarium RepTools includes two NetLogo simulations that present aquarium models at different scales. The fish
spawn model is a macrolevel simulation, simulating how fish spawn in a natural environment (Figure 2). The model
helps students learn about the relationships among different aspects of an aquarium ecosystem, such as amount of food,
filtration, water quality, reproduction, and population. The nitrogen cycle simulation presents a microlevel simulation of
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how chemicals reach a balance to maintain a healthy aquarium (Figure 3). This allows students to examine the bacterial-
chemical interactions that are critical for maintaining a healthy aquarium. In both simulations, students can easily adjust
variables such as fish, plants, and food and observe the effects of those changes. Multiple representations are available
for students to examine the results of their inquiry. Students can observe the simulations, generate hypotheses, test them
by running the simulation and modify their ideas based on observed results. The teacher needs to help scaffold group
discussions to help learners make the connections between the macroscale model and the microscale model.

These tools have been used by in middle school classrooms (Liu et al., 2007). Preliminary data analyses indicate the
promising effects of the RepTools in supporting deep learning about complex systems. The conceptual representations
embedded in the curriculum affected what students learned particularly in those aspects of the system that are the
hardest to learn and are critical for understanding science. The visualization and manipulative opportunities provided by
the simulations afford students an opportunity to test and refine their ideas, which lead to deeper understanding. These
results provided evidence about what students learned, but further analysis is needed to better understand how RepTools
mediated learning and the kinds of scaffolding the teachers needed to provide.

startup

I
@
@

S

1]

%4y 4 — >0 .|

——
amount-food? 27
| o L_E B | L L
—— -'. .I-"’| -"I"-'-l'l
= - oy
o & - m - change-water el
. 113
—— -1'. . = "
N-girlfish? 8 - L
= - Number spawned
1 .
p-spawn 0.2
Poor Water Deaths
1 ———— ]
FilterFlow? 440
Pens Number eaten
M Boyfish 389
M Girlfish

Ew-qual 0ld Age Deaths.

No food deaths

S n fish/ water quality 5
2
ES

o

time 1000

Waterquality
-75.08

@
II 3
IIm Cl e
| Ig

Figure 2 . Screenshot of the Fish Spawn Model.
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Figure 3. Screenshot of the Nitrogen Cycle Model.

4.3 STELLAR

STELLAR (Socio-technical Environment for Learning and Learning Activity Research) is an online environment for
supporting problem-based learning (PBL; Derry, 2006; Derry et al., 2006; Hmelo-Silver et al., 2005). It was designed to
help pre-service teachers understand how the learning sciences apply to classroom practice. This environment provides
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all four of the technology functions described: It provides a rich context, structures information, provides collaboration
spaces, and scaffolds the complexity as learners engage in instructional planning. The STELLAR system contains a
library of videocases that are linked to a learning sciences hypertext, the knowledge web (KW), and a pbl online activity
structure. Video provides a context for collaborative lesson design. The example shown in Figure 4 shows video of a
constructivist classroom that is linked to concepts in the KW. This is used for a PBL activity in which students design
formative and summative assessments.

The KW is a cognitive flexibility hypertext that provides access to carefully structured information (Spiro, Feltovich,
Jacobson, & Coulson, 1992). It was designed to help students bridge perceptual visions of teaching practice from the
videocases with conceptual text materials from the learning sciences. The KW is designed to support forms of instruction
that help learners create cognitive representations (schemas) that represent appropriate conceptual/perceptual meshing
between these domains. The KW currently consists of interlinked web pages that contain explanations of important
concepts, such as metacognition or collaborative learning. Every KW page contains links to other related concepts
as well as to videocases that illustrate varied instances of learning science concepts at work in the classroom. This
helps guide learners so that they create appropriate mental connections between learning science concepts and highly
perceptual visions of practice.

Learning By Design ("Messing About")
Connection Spead: | Fast Connection B:

Video Case: | Learning By Design ("Messing About”) |:j$

: [ - " * Allention

Setting Up "Messing About & e i i

Messing About + Collaborative Learning
4+ |Desien Criteria / Constrainis [ T

- - + Hands-On Learning

Students Share Their Observations I o et
6 |Students Share Their Observations 1t + Modeling
7 |Selecting Variables to Test « lutadig
5 |Selecting Variables to Test Il

= View related concepis for all minicases

= Inquirv Materials

Transcript:

(random students talking)

Student{S): All right we have to hold this while
Saran giues it on.

5: AH HAA, that's not gonna work good. K put it
down.

Leslie Baker(B): | suggest ya'll just put yours on
the floor in here ok?

Figure 4. Videocase linked to Knowledge Web

28



Printer Friendly Version

My Notebook

Observations Proposals
(Shared with group)

hat instructional objectives did this lesson hat instructional objectives will your lesson
facilitate? facilitate?

hat was used as evidence of enduring understanding?
[What instructional activities will promote these
instructional objectives?

hat instructional activities were used?

[What would you use as evidence of enduring
understanding?

e T : T p——

Proposal 3 by SarahL: Last edited: 04/04/2004 |2 of 6 users. (33%)

T researched Concept Learning, and T came up with several good research points about redesigning the lessan on static electricity. T put this
information here because T thought that these would be ideas that Blair Johnsan should keep in mind while teaching his students.

The articie on the Knowledge Web nates that "concepts are mental structures- the knowledge objects you think about.” Examples of these might be
fractals, or democracy. The article goes on to list a number of things that the teacher should do to help students lear. These are: "DEFINE” the
concept (literally give a definition of what it is... a democracy is commonly thought of as government far the people, by the peaple for example.) T
thought this was important because just the ather day I was in a political theory class and the professar asked i i

Universalist stance?” I can't even think about the question because I don't know what those words mean or what the thinking is that they refer to.
Next, the article says to describe the "RELEVANT ATTRIBUTES" (for example, the rights of the minority must be protected, but the majority remains  You voted to include.
in control). "PROVIDE EXAMPLES" is the next step to good concept learning (here you would say "America functions as a democracy, although some

say it was nat a democracy until women got the right to vote.") The gaal here is to "promate higher order thinking.” Next, "CONSTRUCT

KNOWLEDGE MAPS <o that students Know how Concepts Inter-relate.” The article then notes a study by Hall, Sidio-Hall, and Saling {1995) that

showed "learning inter-relationships Improves retention.” Blalr Johnson should use this idea so that static eleetricity does not become an Isolated

concept In students minds that they will not be able to use. Finally, teachers should use concepts in "REAL LIFE SITUATIONS" as this has been

Shown to *increase chances of transfer, link ideas to prior knowledge, and decrease chances of misconceptions.”

Research Findings:

Retreived April 4, 2004.
Comments by CHmelo:

Add your comments here. If you need to explain something in depth, consider using the Group Discussion Board to supplement the comments you write here on the Group Whiteboard.

Tnteresting ideas—- Row does Bkina do this in her classrcom? What are the implications for Blair s
lelazsraom?

Save changes to this Comment | NOTE: Each comment must b saved separately

Comments by AshleyS:

Etkina does all of these things! She defines what she is talling about (goes through a whole thing about what gravity is and what It does at the begining), T think she brings in relevant attributes (but
Tam not really sure how to be honestl), provides many examples (most of which the class can actually see as occuring), and talks about real lfe situations (ex. when she talking about things being
pulled down to the earth by gravity not Just faling).

Johnson on the other hand defines things (which is obvious because the students can regurgitate terms ratner easilyl) and uses a few examples (the foil and the ballon, along with the movie), but
does not really provide examples that the students can really grab ahold of and doesn't bring in real lfe situations so that the students can understand further. T am unclear as to what relevant
attributes are 5o 1 cannot say whether or not Johnson used them |

Figure 5. STELLAR personal notebook and group whiteboard

The pbl online module provides several tools that elicit articulation. Some of the tools presented in this environment
include a personal notebook where students record their initial observations, a threaded discussion board, where students
share their research and analysis of the video cases, and a white board where the students post their proposed solutions
for the lesson redesign and can comment on each others proposals (Figure 5).

Students receive help to manage the complexity in several ways. First, by linking the video to the knowledge web,
students receive suggestions for learning issues. Second, the activity structure helps offload some of the facilitation
onto the system (Hmelo-Silver et al., 2005; Steinkuehler, Derry, Hmelo-Silver, & DelMarcelle, 2002). The STELLAR
road map (Figure 6) helps remind the students of the different phases of the activity. The activity structure was
modified from traditional PBL to help preservice teachers engage in instructional design and procedural facilitations
were incorporated into the system to help students think about classroom instruction The activity was divided into a
sequence that starts with individual problem analysis, moves on to group self-directed learning and lesson design, and
ends with individual explanation and reflection. Students are asked to think specifically about objectives, assessments,
and activities. This helps communicate a particular process of instructional planning. These same three categories are
the focus of their problem solving and are used to label the online whiteboard. The online whiteboard and threaded
discussion provide support for collaboration and anchor discussions in student’s proposals for lesson design. Discussions
occur asynchronously and allow students to be more reflective than in a synchronous discussion. Finally, individual
notebooks provide opportunities for students to explain their group’s design and reflect on their learning. The STELLAR
sidewalk and the prompts in the individual notebook and group whiteboard provide scaffolds that communicate the PBL
and instructional planning processes.
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Figure 6. STELLAR sidewalk reminds students of activity structure

Over several semesters, students participating in STELLAR courses achieve more than students taking comparable
courses (Derry et al., 2006). As part of a design research program, studies were also conducted of how students engaged
with STELLAR, how they learned collaboratively, and what factors led to differential success in the system. How
students use the system is a key factor in how they learn, and as with OncoTCAP, facilitation remains important
(Chernobilsky, Nagarajan, & Hmelo-Silver, 2005; Hmelo-Silver, Chernobilsky, & Mastov, 2006). In effective groups,
students often took on leadership roles that helped facilitate their group’s learning and task completion (Hmelo-Silver,
Katic, Nagarajan, & Chernobilsky, in press)

5 Conclusions

To solve real-world problems, people must be able to apply their knowledge in unpredictable ways, realize the limits
of their understanding, work well with others, and have the lifelong learning skills to learn what they need to know.
Constructing usable knowledge requires providing opportunities for learners to engage with complex phenomena,
whether it is inquiry, PBL, or simulations. Technology provides opportunities to create these rich contexts as the examples
from OncoTCAP, RepTools, and STELLAR demonstrated. These provided students with many opportunities to observe
phenomena and reason about them from different perspectives thus expanding their understanding. By re-viewing
video and re-running simulations, learners had many opportunities to deal with complex phenomena. But providing
context alone may not be sufficient. Learners need access to information structured to promote deep understanding and
transfer. In the RepTools environment, information was organized based on an expert model. STELLAR structured
the connections between videocases and learning sciences concepts to promote construction of meshed schema
representations. The contexts for these hypermedia helps students realize the limits of their understanding so they learn
how knowledge can be applied to complex problems.

Learners could easily struggle in these contexts or not realize the interconnections among contexts and information
thus scaffolding student inquiry and self-directed directed learning is critical. The Phase 2 clinical trial wizard models
an appropriate experiment schema and calls attention to aspects that students have difficulty with. STELLAR helps
bootstrap student’s self-directed learning skills through links between the videocases and KW. Students are scaffolded
in instructional planning through tabs in the whiteboard that communicate the lesson design process and promote
articulation and discussion of their evolving ideas.

Complex learning requires integrated development of knowledge, inquiry practices, reasoning strategies, and lifelong
learning skills in a variety of situations. Such learning is hard because complex domains often span a range of subject
matter and skills and poses great challenges to cognitive, metacognitive, and social resources. Technology has great
power to afford complex learning experiences that would not otherwise be possible as well as providing tools that can
help deal with these challenges.
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Behold. A doorknob!

You look at this object and probably conclude that it should be grasped and turned, and either pulled or pushed. A
cognitive psychologist would say that you know this thanks to pattern matching and scripts. Pat-tern matching entails
having schemas of all different types of objects somewhere in your brain and match-ing what you see with what you
‘know’. You determine that it is not only a doorknob, but also a doorknob of a certain type namely one that also contains
a lock. Having successfully done the matching, you then search for a script stored somewhere in your memory which
tells you that for this specific doorknob you use the specific script: grab and turn. A similar object initiates similar
processes.

Ecological psychologists look at this differently. They see the object itself as having certain properties, which ‘tell’
you what to do. In other words, there is a relationship between an actor (you) and the world (the knob). In this way of
thinking, this door knob has grab and turn properties on a door with either push or pull properties for an actor with an
opposable thumb (to grab; hominoids), a flexible wrist (to turn; an arthritis sufferer doesn’t have this) and sufficient
mass (to pull or push).

ISBN 978-952-484-102-3 (paperback) ~ ISBN 978-952-484-105-4 (CD-ROM)  ISBN 978-952-484-103-0 (pdf)
ISSN 1457-9553 (print) ISSN 1795-0368 (online) 35



Network-Based Education 2007, 13-15 June 2007, Rovaniemi, Finland

But is this the same here above? These characteristics of an object are known as affordances and properly exploiting
them is - in essence - taking care that these affordances are perceived and used. Thus:

Leci n'est pas une poigrnce.

What's it all about?

At the time of this writing, the communal opinion in education land appears to be that collaborative learn-ing is the
golden key to the future. Computer supported collaborative learning (CSCL) environments are seen as tools that permit
educators to latch on to current constructivist insights in teaching and learning that rely heavily on collaborative learning,
encompassing dialogue and social interaction amongst the group members and that allow learners and instructors to
be geographically dispersed, thus relaxing the need to be co-located for meetings and discussions. In addition, learners
can often engage in learning at any time, dis-missing necessity for co-presence. This ‘anywhere-anytime’ characteristic
enables a shift from real-time contiguous learning groups to asynchronous distributed learning groups, something
especially interesting for distance learning institutions.

Despite this potential, research on the use and effectiveness of CSCL environments is inconclusive. Re-searchers,
educators and designers have reported positive (Brandon & Hollingshead, 1999) and negative outcomes. The negative
outcomes are predominantly based on low participation rates and/or varying de-grees of disappointing collaboration.
For example, Hallett and Cummings (1997) observed: “By having the majority of assignments in public forums with
the entire class posting at a given time, and with numerous prompts and encouragement from the instructor, it was
hoped that interaction among students would occur naturally. This was not what took place” (p. 105). Fischer, Bruhn,
Grésel, and Mandl (2002) report that “an array of studies ... has shown that efficient learning rarely is achieved solely
by bringing learners together” (p. 216). Generally, low learning performances in terms of quality of learning and learner
satisfaction in CSCL environments are the consequences.
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Gunawardena (1995) explains the negative experiences from her observations in computer conferences where “the
social interactions tend to be unusually complex because of the necessity to mediate group ac-tivity in a text based
environment. Failures tend to occur at the social level far more than they do at the technical level” (p. 148). Hobaugh
(1997) emphasizes that in distributed group learning, problems with so-cial dynamics amongst group members are
often the major cause of ineffective group actions. In other words, all the more reason to take a closer look at the social
and social psychological aspects of collabora-tive learning in (a)synchronous distributed groups and how they can be
supported.

The subject of this contribution is the conditions under which computer supported collaborative learning can lead to
knowledge sharing and knowledge building. It deals with this from two sides that are connected to each other by the
word AFFORDANCES.

Affordances

Let’s go back to the door knob. Short and sweet, affordances are the perceived properties of a thing in refer-ence to a
user that influences how it is used. Some door handles look like they should be pulled. Their shape leads our brains to
believe that is the best way to use them. Other handles look like they should be pushed, a feature often indicated by a
bar spanning the width of the door or even a flat plate on the side.

Originally proposed by Gibson in 1977 (and refined in 1979), the term affordance refers to the relationship between
an object’s physical properties (artifacts) and the characteristics of an agent (user) that enables par-ticular interactions
between agent and object. He stated that “the affordance of anything is a specific combi-nation of the properties of its
substance and its surfaces with reference to an animal” (Gibson, 1977, p. 67). A pond, due to the surface tension of
the water, affords a surface to walk on for certain species of flies while also affording a living environment for certain
types of fish. Knobs are for turning and slots are for inserting things. These properties/artifacts interact with potential
users and provide strong clues as to their operation (think of your child, his/her peanut butter sandwich and the slot
in your video recorder!). Norman (1988, 1990) and Gaver (1991, 1996) appropriated the term as a conceptual tool for
discussing the design of interactive systems and respectively speak of perceived and perceptible affordances.

According to Gibson, the perceiving organism and the environment are intimately related. The environment does not
provide ‘objective’ information equal for everyone, but rather different opportunities depending upon the actors and
their needs. Affordances are - in Gibson’s view - resources which are revealed to those who seek them. A tree in the
middle of a field on a summer’s day is only an affordance to those who seek its cool shade. An affordance, thus, is
the link between perception and action (perception-action coupling) in which the performance of an action is based
on the “fit” between the physical capabilities of the actor and the constraints imposed by the environment. A second
characteristic of an affordance is what is known as the reciprocal relationship between the organism and the artifact.
We can sit on a chair because our knees bend in a certain direction. A circus elephant’s knees bend in the same way and
thus she can sit on a barrel. But the knees of a giraffe bend in the opposite direction and thus this animal cannot perform
the same action.

For complicated artifacts such as educational environments, learning must also be considered and is permit-ted. There
is a perception-action coupling, but it is less direct. After a learning/habituation period, the ac-tions become automatic
and unconscious. Affordances in this sense don’t cause, but merely allow. They lower the threshold for carrying out
and/or permit an action.

Four premises

Premise 1
It is not only the properties of a medium that affect how they can be/are used, but also how (and if) they are
perceived and the relationships that exist between the properties and the use(r).
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Examples:
* In an office hallway, vertical, see-through glass windows next to the door allow you to see if the light is
on (indicating possible presence), if the occupant is actually present, if the person is busy working, and thus
whether it is opportune to enter the room.

* Email allows CSCL-users to communicate. But not all email is the same. Email via broadband to individ-
ual computers makes continuous connection, quick response, and sending and receiving large attach-ments
possible. Email via modem to a central computer necessitates sporadic use, slow response, and small
attachments the order of the day.

Both examples show the technological affordances present in the objects (hall/email), but there is more. The fact that
the windows need to be at least translucent, that the height and placement of the windows must allow looking through
them and that good manners dictate that we don’t interrupt someone talking to an-other person also determine whether
certain behaviors can be/are afforded. Broadband connection allows us to use email in an instantaneous way and
informs us that an immediate response means that the addressee is probably at his/her desk moment.

Although every object has specific affordances, what we as educational researchers and designers are actu-ally dealing
with are not the affordances themselves, but rather the combination of the perceptible (Gaver, 1966) or perceived
(Norman, 1990, 1999) affordances, the constraints that are placed upon them, and the conventions regarding the
affordance and its use.

What we see on a computer screen is not the affordance, but rather the visual feedback advertising the af-fordance
— the perceived affordance. When affordances are perceived, a link between the perception and an action can result;
the perception-action coupling. These perceived affordances are limited by physical (you can’t see through opaque
glass), logical (you don’t put a window on the bottom of a door), and cultural (you don’t put a window in a toilet door)
constraints and cultural conventions (you don’t interrupt a conversa-tion). With respect to the use of computers we see
the following:

* Physical constraints are closely related to affordances in the pure Gibsonian sense. Physical limitations
constrain possible operations. A square peg cannot fit into a round hole and a cursor cannot be moved outside
of a screen.

* Logical constraints use reasoning to determine the alternatives, thus, if we ask a user to click on five
locations and only four are immediately visible then the (experienced) user knows, logically, that there is
still one location left, but that it must be somewhere not visible at that moment and will look and see if there
is a scroll-bar on the right side of the screen and scroll down to see the alternative that was not originally
visible.

* Cultural constraints are learned conventions shared by a group. Designing a button for display on a monitor
and saying that it ‘affords clicking’ is wrong. Without a mouse or a touch screen clicking doesn’t exist, and
with a mouse or touch screen the user can click on any pixel on the screen! The but-ton provides a target, helps
the user know where to click, and probably even cues what the user can ex-pect if (s)he clicks on it, but in
the words of Norman “... those aren’t affordances, those are conven-tions, and feedback ...” (Norman, 1999,
p- 40). In other words, the designer has introduced a cultural convention that has been learnt and reinforced
through feedback, namely that an object on a screen that looks a certain way will also act in a certain way, and
lead to a certain outcome. An example of such a convention is the earlier mentioned scroll bar on the (right)
side or bottom of a screen which tells us that there is more text below or to the right and that by clicking
in the area and ‘dragging it down or to the right, the text will scroll up or to the left! This is known as the
‘outside-in’ convention. Software programs in the Adobe® suite use the ‘inside-out’ convention, namely that
the text moves in the direction that the cursor is moved, but to differentiate this they used a hand to symbolize
grabbing the text. Such conventions prohibit some activities while encouraging others.
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Conventions - according to Norman - are arbitrary yet stable and violating them often leads to conceptual and usage
problems. That a question mark signifies a ‘help function’ on a web-page is arbitrary; it could have just as easily been a
different icon. An example of violating this convention is well known to Open University of the Netherlands staff and
students. The symbol set on its web site violates conventions with respect to the search- and help functions and makes
usage for those who are not in ‘the in crowd’ unclear and difficult. Which of the following is the help function?

Premise 2
Behavior is embedded in and shaped by its cultural and material context.

Hofstede (1997) noted that distinct cultural diversity can exist between nearby national cultures. One does not have to
look very far to see this. Within Europe, there are enormous cultural differences between the sober and no-nonsense
German, the staid Brit and the Bourgondian, life loving French. These differences manifest themselves in social
behaviors which influence relationships, habits, and beliefs. In other words, social behavior is embedded in a group’s
particular cultural context and is guided by deeply held values and beliefs. Ignoring or abusing these differences can
bring about social failures and cause otherwise good things to go wrong (Hoecklin, 1994).

In education, and especially in distributed learning groups, Hofstede’s (1980) ideas on factors determining diversity
take on special importance. He describes four dimensions by which (national) cultures vary, namely power distance,
uncertainty avoidance, collectivism-individualism, and masculinity-femininity . In distributed learning, Granger (1995)
points out that Hofstede’s ideas on diversity influence factors as knowledge, prior skills, (implicit) language, learning
patterns and styles, and learning goals and motiva-tions.

But behavior is not only embedded in and shaped by cultural context; it is also embedded in and shaped by material
context. Take the following two dining areas.
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Both tables, except for their size (and thus the number of places)
afford the exact same things. The differ-ence is that the top figure
depicts a table in an elegant dining room for a formal meal while the
lower de-picts a table in a cozy dining room for a ‘family dinner’.
The way we behave at the top table will probably be quite different
from the way we behave at the bottom one. The affordances are the
same, but the material contexts are different and so are the social
behaviors that will be exhibited. This is also true for the earlier
described email contexts.

Examples:

* Discussions in a meeting context are quite formal and
regulated. Participants are formally invited to at-tend
which begin and end at a certain time and follow a set
structure. There are often roles (both explicit and implicit)
for the different participants and there are many spoken and
unspoken rules of decorum.

Discussions in a party context are informal and occur
between people in close physical proximity. The structure
changes quite often (as do the subjects discussed) without
any fixed, predetermined order. The roles of the participants
also change quickly depending upon who enters the
discussion at any moment. Finally, although there are also
rules of decorum at a party, they are quite different from
those at a formal meeting.

* Face-to-face collaboration is dominated by social presence (a sense of being together) where individuals can effortlessly
interact. They not only work on a task, but also sense each other (smell, see, touch), share non-task activities (eat, drink,
small talk) and manage their and each other’s attention - activities all crucial for sustaining the social relationships that
make distributed work possible.

Distributed collaboration supported by computer mediated communication (CMC) systems is weak in so-cial presence.
The user feels alone most of the time (a sense of isolation), often not knowing who else is busy at any given time. Users
work on their own task, sometimes on a previous concept of a solution or partial solution proposed by another though
not knowing if someone else is doing the same thing at the same time. There is no - or a limited - sense of one another
and almost all interaction is ‘on-task’. Room for social interaction is limited. Instant messengers, avatars, web-cams,
microphones, and software programs for synchronous meetings all try to increase social presence.

The technological context also influences behavior. Gaver (1996) eloquently argues that ‘new technologies seldom
simply support old working practices with additional efficiency or flexibility. Instead they tend to undermine existing
practices and to demand new ones . In this disruption, subtleties of existing social be-haviors and the affordances upon
which they rely become apparent, as do the new affordances for social behavior offered by technology’ (p. 112). This
suggests that the process of technology design and imple-mentation requires careful attention to established practices
within the target community.
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Premise 3
The context of CSCL is a unique combination of the technological, social, and educational context.

If we look at this statement carefully, we see that it is true of all learning. Learning is - by definition - con-textual. Not
since the demise of behaviorist learning theories have we thought that we can learn isolated facts and theories which
are, in some abstract way, divorced from the rest of our lives. And with the rise of constructivist thought about learning
it is accepted that we learn in relation to how we encounter something, where we encounter it, with whom we encounter
it, in relation to what else we know and what we believe (Kirschner, 2000; Kirschner, van Merriénboer, Carr, & Sloep,
2002).

g S LT

Take, for example, the two preceding figures. Both represent learning situations, but the contexts in the two are completely
different along all three dimensions. The educational contexts are different (competitive versus collaborative), the social
contexts are different (individual versus group), and the technological (physical) contexts are different (individual
workspaces with minimal assortment of materials versus group workspace with a rich assortment of materials).

CSCL in its usual form represents yet another learning situation. The educational context is one of collabo-rative
learning, the social context is the group, and the technological context is computer mediated. At many institutions,
CSCL is synonymous with a computer mediated communication environment where the lowest common user
denominator determines the design choices made. The educational context is often competence-based grounded in
social constructivism. The social context is one of minimal direct contact and primarily asynchronous, text based
contact (email, discussion lists, and commercially available elec-tronic learning environments) between students.

Premise 4
When technology mediates the social and educational contexts we speak of ‘technology affording learning and
education’.

This means that the present conceptual framework of technological and social affordances needs to be en-riched with
the concept educational affordances.

Bradner, Kellogg, and Erickson (1999) define a social affordance as “the relationship between the proper-ties of an
object and the social characteristics of a group that enable particular kinds of interaction among members of that group”
(p. 153). The physical world is a rich and very social space. Although a hallway in an office complex affords little
interaction (except for people passing in them), if the doors are open or if the area next to the door is fitted with glass,

41



then the hallway now affords more awareness of and contact between employees. A step further is the coffee lounge
or water cooler. They allow inhabitants to meet, become aware of each other and casually converse. Dieberger (2000)
considers awareness of other people’s activities to be an essential ingredient for collaborative work. An overheard
conversation and the awareness of what other people are working on can trigger chance conversations in hallways or
informal talk that often prove more important for a project then the meeting itself. Mulder, Swaak, and Kessels (2002)
confirm the value of such social, non task-related activity noting a marked increase in task/domain related work follow-
ing sessions in which there was a high degree of social activity between group members.

In the ‘physical’ world, affordances abound for casual and inadvertent interactions. In the ‘virtual’ world, social
affordances must be planned and must encompass two relationships. As stated earlier, there must be a reciprocal
relationship between group-members and the CSCL environment. The environment must fulfill the social intentions of
members as soon as these intentions crop up while the social affordances must be meaningful and support or anticipate
those social intentions. Second, there must be a perception-action coupling. Once a group-member becomes salient
(perception), the social affordances will not only invite, but will also guide another member to initiate a communication
episode (action) with the salient member. Salience depends upon factors such as expectations, focus of attention, and/or
current context of the fellow member.

Educational or learning affordances are those characteristics of an artifact (e.g., how a chosen educational paradigm
is implemented) that determine if and how a particular learning behavior could possibly be en-acted within a given
context (e.g., project team, distributed learning community). Educational affordances can be defined - analogous to
social affordances - as the relationships between the properties of an educa-tional intervention and the characteristics
of the learner (for CSCL: learner and learning group) that enable particular kinds of learning by him/her (for CSCL:
members of the group too).

Educational affordances in distributed learning groups encompass the same two relationships as social af-fordances.
The CSCL environment must fulfill the learning intentions of the member as soon as these inten-tions crop up while the
affordances must be meaningful and must support or anticipate the learning inten-tions of the group-member. Further,
once a learning need becomes salient (perception), the educational af-fordances will not only invite but will also guide
her/him to make use of a learning intervention to satisfy that need (action). The salience of the learning intervention
may depend upon factors such as expectations, prior experiences, and/or focus of attention.

And what if these affordances are not properly exploited? Take the case of many doors which, for some reason, have pull
handles on both sides, but can only be pulled in one direction. An unsuspecting person is likely to waste half a second
or more, over and over again, pushing doors that should be pulled, and pulling doors that should be pushed. We’ve all
done it, and we’ve all been frustrated by that simple, glaring over-sight. And if you think that such an incident will only
happen once, think again: We push and pull doors all day, and pay less attention to our surroundings when doing so. In
other words, we forget which doors should be pushed and pulled, and act based on the indications we’re given, even if
they are misleading. And when we do it wrong, we get slightly annoyed but go upon our way. Now consider how CSCL
group mem-bers feel after they’ve worked long and hard on an educational problem, only to see after posting their work
that someone else has also posted something either duplicating their work or going in a completely different direction.
We are not talking about wasting of split seconds nor continuous, small inconvenience in a situa-tion that we cannot
avoid (no one will chose not to enter a building because of poorly afforded doors), but rather of wasting large amounts
of precious study time and large inconveniences in a situation that the learner CAN (and often does) quit.

(Non)affordances in CSCL environments

The Babble environment (Bradner, Kellogg, and Erickson, 1999) allows users to watch for whether other persons are
active and allows the opening of a communication channel with them. This is known as waylay. Here, a participant in a
group is alerted that another group member has logged on and is active. Knowing this, synchronous communication can
be initiated. [CQ® and MSM Messenger® are examples of function-alities or widgets that also make this possible.
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Since the possibility to communicate in Babble exists, we might also conclude it would be used. Unfortu-nately, this
was not always the case. That waylay was possible did not mean that it was welcomed, that it resulted in helpful
interactions, nor that it was viable over the long term. Some remote users feared that others could and would use the
affordance to delegate work to them and avoided using the environment. Although Babble supported waylay, it was not
socially afforded - here because of the social characteristics of the group. What was missing were group characteristics
such as strong social ties, generalized reciproc-ity, and shared understanding of the limits of what may be asked in a
waylay. The social affordances needed in such a situation are:

* Shared understanding: the state where two or more people have equivalent expectations about a situation, i.e.,
their explanations of the situation and their predictions for how it might develop are the same. A lack of shared
understanding often leads to coordination breakdowns (mismatch be-tween expectations of one participant and
actions of another) or conflict (the perception of opposing goals, aims, and values).

* Accountability: the social mechanism underlying responsible behavior; e.g., not plagiarizing a fellow team
member, not working for the disadvantage of a fellow team member.

e Trust: the deciding factor in a social process that results in a decision by an individual to accept or reject a risk
based on the expectation that another party will meet the performance requirements (Zolin, Fruchter, & Levitt,
2000).

* Social cohesion: the tendency of group members to stick together (Sproull & Kiesler, 1991) and the sum of all
forces which act on individuals to stay in a group (Festinger, 1968). Simply stated: the tendency of group members
to like and trust one another.

e Predictability: the quality of a situation that allows those in that situation to foretell that - on the ba-sis of
observation, experience, or scientific reason - an expected outcome will turn out to be the ac-tual outcome.

Noteworthy in this respect is the ‘awareness paradox’ documented by Reffell and Eklund (2002), namely the finding
that students appreciate being invisible while online so that others cannot contact them while at the same time wanting
extra awareness features to let peers know exactly what they are doing.

Veldhuis-Diermanse (2002) concluded in her recent dissertation that although ICT-literate university stu-dents were
given the opportunity to construct knowledge in a CSCL environment they did not make optimal use of this possibility.
Although knowledge construction was relevant for the successful completion of the course, the system did not stimulate
the students to construct knowledge — the primary goal. What she found was that the students used the system primarily
to exchange information. At the end of her disserta-tion she presents 29 interventions or “conditions suggested to
increase the use of CSCL in university courses”. Some are typical educational techniques that should always be part of
good education such as: formulate unambiguous learning goals, take care that the students need to follow the course, or
organize the course well. Other conditions are specific for CSCL such as: organize regular face-to-face sessions, use a
transparent and user-friendly CSCL-system, consider moderating discussions, and give students the time to learn to use
the system and understand the task. What she actually is saying — in my opinion - is that the tool didn’t work and that it
needs a lot of ‘enhancements’ to allow it to work.

The question is: Why do users of CSCL environments tend to accept such imperfections from those envi-ronments

when they would not accept them from other tools that they use? A different way of saying this is: Did the situation — the
combination of the educational, social and technological contexts afford the desired learning?
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The key is interaction

We need to dissect the concept ‘computer-supported collaborative learning’ to determine what a CSCL-environment
should entail. First of all we are talking about learning, and in the twenty-first century we are usually talking about
constructivist learning (Kirschner, 2000). The proximate modifier (adverb) is the word collaborative. To collaborate is
to work jointly with others especially in an intellectual endeavor. Thus, the work that is to be carried out is learning,
and the way that it is done is together with others. Finally, the ul-timate modifier is computer-supported (a compound
adverb). That the computer supports something means that the computer (and some network) enables something to occur
and/or that the computer keeps some-thing going. The ‘thing’ that the computer supports is collaborative learning.

This collaboration requires different modes, types, and degrees of interaction. The potential for interaction in a learning
group/community arises, as we have seen, from the properties of the (1) technology (or me-dium) being used to mediate
the interaction, (2) group(s) engaging in the interaction, and (3) learning situa-tion. These three properties concur
with Kuutti and Bannon’s (1993) three perspectives on human computer interaction: the technological level, the work
process level, and the conceptual level.

This leads then to the primary research question for CSCL, namely:

| How can CSCL be optimized by proper usage of technological, educational and social affordances? |

This leads to the following two research thrusts:

| Analyze the combination of educational, social, and technological affordances for collaborative learning. |

| Design CSCL (environments) and tools for optimizing (the perception of) affordances for learning. |

Three factors influencing educational affordances

Most CSCL research focuses on surface characteristics of the environment, the collaboration or the learning paradigm
such as the (a)synchronicity of an environment, optimal group size or whether the task was a problem or a project.
This surface level approach disavows fundamental questions about the environments such as: Was ICT necessary? Did
learners design or prove something? Was the goal divergent and creative (design) or convergent and specific (diagnose)?
Who determined the goal, how to reach it and what is cor-rect? Was the evaluation competitive or collaborative?
are swept under the rug. This surface level approach is analogous to comparative media studies in education. In his
landmark review, Clark (1983) argues that researchers focus on the media used and the surface characteristics of the
education they provide. As a con-sequence, comparative research tends to be inconclusive and the learning materials
developed tend to be unpredictable at best and mathemathantic at worst.

In the following sections, I will provide a framework for optimizing the educational affordances of CSCL-environments

and with this set the research agenda on CSCL. The framework is composed of three non-surface level factors central
to the design of any environment: task ownership, task character and task con-trol.
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Task ownership

authentic
task
J Task ownership (the X-axis of the figure) is basically

res’f’:::iiimy a question of who determines or is responsible for
/ determining what each of the participants in a collaborative
learning environment must do and who pro-vides the

T (social) steering?

ec’::trz" > internal In traditional education the institution is the owner. At
control the macro level this is often the government that not only
legislates what needs to be learnt, but also very often
AT determines how it should be tested. At the meso level it
/ ,// is the school that does this. The school chooses learning
individual methods and materials, organizes where and how it will be
responsibility \ taught and how it will be tested. Finally, at the micro level
constructed it is the teacher who deter-mines everything. This ‘didactic’
approach which emphasizes individual acquisition of
knowledge and skills has worked for years, it has been
handed down from generation to generation and is very

difficult to change.

This approach is also visible in many CSCL- environments which emphasize the knowledge and skills that each group
member individually must attain (Johnson, Johnson, & Johnson-Holubec, 1992; Slavin, 1997). One could convincingly
argue that such implementation is paradoxical, contradictory and counter-productive. This paradox is exacerbated by
their use of competitive assessment methods (Kirschner, 2000).

At the other end of the continuum are competency-based environments where not the individual acquisition and
application of knowledge and skills is most important, but rather the performance of each individual in and with the rest
of the group. Environments that stress and reward individual initiative, that are open to influences from the students and
where the students themselves are owners of the learning problem are found here.

The need for a feeling of ownership is based upon two pedagogical principles considered to be highly bene-ficial to
learning/working in teams, namely individual accountability and positive interdependence.

Individual accountability (Slavin, 1980), as concept, was introduced to counter a number of deleterious effects of
working together in groups. The free-rider or hitchhiking effect exists when group members exert less effort as the
perceived dispensability of their efforts for the group success increases (Kerr & Bruun, 1983). In other words, they feel
that the group is doing enough and that they don’t have to contribute. So-cial loafing (Latané, Williams, & Harkins,
1979) exists when group members exert less effort as the per-ceived salience of their efforts for the group success
decreases. In other words, as the group size increases so does the anonymity and the non-participation. The social loafer
differs from the free rider in that the first lacks the motivation to add to the group performance, while the last tries to
profit from others while mini-mizing essential contributions. Finally, the sucker effect (Kerr, 1983) exists when the
more productive group members exert less effort as the awareness of co-members free-riding increases Those group-
members refuse to further support noncontributing members (they refuse to be ‘suckers’) and therefore re-duce their
individual efforts.

Individual accountability not only conceptually helps counteract the inability to control and assess individ-ual learning
and contribution, but also allows the institution to operationally counteract it. By allowing for and even stressing
individual accountability, what the group does as a whole doesn’t become less important, but the individual contribution
becomes more important. It is perfectly valid that in a group environment, each group member be held individually
accountable for his or her own work. For example, in many prob-lem based learning environments students’ sense
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of individual ownership is increased by also grading them for their individual effort, irrespective of the group’s
performance.

Positive interdependence (Johnson, 1981) reflects the level to which group members are dependent upon each other
for effective group performance (enhanced intra-group interaction). The concept holds that each individual can be held
individually responsible for the work of the group and that the group as a whole is responsible for the learning of each
of the individual group members. Team members are linked to each other in such a way that each team member cannot
succeed unless the others succeed; each member’s work benefits the others (and vice versa). Essential here is social
cohesion and a heightened sense of ‘belonging’ to a group . Positive interdependence is evident when group members
in a project-centered learning envi-ronment carry out different tasks within a group project, all of which are needed
in the final product. This interdependence can be stimulated through the task, resources, goals, rewards, roles or the
environment itself (Brush, 1998). In other words, individual accountability and positive interdependence counter the
ten-dency towards hiding and anonymity. In situations requiring such interdependence, students learn more than when
this is not the case (Lou, Abrami, & d’Apollonia, 2001).

In collaborative environments, educators often make use of specific techniques that structure a task specific learning
activity. Examples of such techniques are Student Teams-Achievement Divisions (Slavin, 1986), Jigsaw (Aronson,
Blaney, Stephan, Silkes, & Snapp, 1978; Slavin, 1990) and Structured Academic Contro-versy (Johnson & Johnson,
1993) .

Finally, the perception of ownership tends to (intrinsically) motivate students to carry out a task/do an activ-ity because
they want to not because they have to (e.g., Self determination theory ; Deci & Ryan, 1985; Ryan & Deci, 2000).

Task character

Constructivism holds that knowing is an active, adaptive process involving the person learning and the con-text in
which (s)he learns (Brown, Collins, & Duguid, 1989). Learners assimilate new concepts into already available cognitive
structures (schemas - ultimately the result of prior experiences and prior learning) and the schemas are in turn adapted
to accommodate new interpretations of experiences (von Glasersfeld, 1988). Knowing and doing cannot be separated
and as such, the character of a task (the ‘doing’ component) is of the utmost importance for learning (the ‘knowing’
component) regardless of whether learning is col-laborative.

Task character (the Y-axis of the figure) deals with questions as: How can we determine whether a task is relevant for
the learner(s)? and Who determines whether the task in a collaborative learning environment is relevant? The character
of a task can be depicted along a continuum running from constructed, well-defined, convergent tasks to authentic, ill-
defined (wicked), divergent tasks.

Traditional school tasks are highly constructed, well-structured, well-defined, short, oriented towards the individual,
and designed to best fit the content to be taught instead of reality. Archetypal problems of the type are, for example:
“Two trains traveling in opposite directions at a speed of ... How long ...”. Such tasks, though often seen as highly
suitable for acquiring individual skills, are neither representative for the type of problems that are perceived of as
relevant by the student nor proven to be especially effective for achieving transfer or for acquiring complex skills and
competencies. This is the case for both group and individual learning. In small group learning, Cohen (1994) found
that groups were not productive when tasks were closed with only one fixed answer, but were productive when tasks
were open to multiple per-spectives and solutions. With respect to individual learning Spiro, Coulson, Feltovich, &
Anderson (1988) found that the solutions to typical school problems tend to be too obvious for students, so that many
stu-dents could not solve ‘real life’ problems involving sets of more real life, complex factors. They conclude that
many learning failures, including the inability to transfer knowledge and apply it to new cases, result from just this
cognitive oversimplification. Also, since the way learners interpret and make use of situations is influenced by their
prior experiences (Akhras & Self, 1996), such tasks - inextricably linked to prior ex-periences in constructed, often
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tedious school situations - have almost no relationship to their own real-world experiences and are thus experienced as
non-authentic, boring, and often trivial.

At the other end of the spectrum are ‘real life’ (authentic) problems that are almost always ill-structured (Mitroff,
Mason, & Bonoma, 1976) and/or wicked (Rittel & Weber, 1984; Conklin & Weil, 1997). They are often so complex
and multifaceted that they can only be adequately solved by multidisciplinary groups, where group members assuage
cognitive conflict, elaborate on each others’ contributions and co-construct shared representations and meaning.

A complicating factor here, however, is that authenticity itself is variable; it is not always clear to whom and to what
extent an authentic task really is ‘authentic’. Is a task authentic when students have to play a role with which they have
no affinity or if they are not familiar with the actual practice such as when a freshman has to play the role of bank
manager? Is the problem that needs to be solved really ‘our’ problem or more “yours, hers or theirs’? And so forth.

Whatever the case, such problems require a different educational approach than do simple, well-defined ones. Learning
to solve problems involves acquiring complex cognitive skills and competencies, which in turn requires making use of
meaningful whole tasks (Van Merriénboer, 1997), since real life tasks are, after all, never come in neatly constructed
segments of some idealized whole. These tasks, however, then need to be divided into non-trivial, authentic part-tasks
because the full complexity of real-life tasks typically inter-feres with such effort-demanding inductive processing
(Nadolski, Kirschner, van Merriénboer, & Hummel, 2001). In a collaborative situation these part-tasks often aim at
achieving epistemic fluency: “the ability to identify and use different ways of knowing, to understand their different
forms of expression and evalua-tion, and to take the perspective of others who are operating within a different epistemic
framework” (Mor-rison & Collins, 1996, p.109). Ohlsson (1996) enumerates seven epistemic tasks that can be used in
the de-sign of collaborative environments. They indicate the ‘discourse-bound’ activities that learners will have to fulfill
during collaborative learning.

Table 1. Epistemic tasks (Ohlsson, 1996, p. 51)

Epistemic task Meaning

Describe Fashion a discourse referring to an object or event such that a person in that discourse
acquires an accurate conception of that object or event

Explain Fashion a discourse such that a person in that discourse understands why that event happened

Predict Fashion a discourse such that a person in that discourse becomes convinced that such and

such an event will happen

Argue State reasons for (or against) a particular position on some issue thereby increasing (or
decreas-ing) the recipient’s confidence that the position is right.

Critique (evaluate) | | Fashion a discourse such that a person in that discourse becomes aware of the good and bad
points of that product

Explicate Fashion a discourse such that a person in that discourse acquires a clearer understanding of its
meaning
Defining Define a term is to propose a usage for that term

These types of tasks (task classes) are archetypical for competence based learning for achieving what Honebein (1996)
calls the “pedagogical goals” of constructivist learning environments, namely knowledge construction, appreciation
of multiple perspectives, relevant contexts, ownership of the learning process, social experience, use of multiple
representations, and self-consciousness/reflection.
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Task control

Task control (the Z-axis of the figure) relates to the shift of control from educational institution or system (often
personified by the teacher) to learner with respect to the path, events and/or flow of instruction and learning. This
final continuum runs from complete institutional control of what, when and how things are taught to complete learner
control where learners actively define and negotiate learning tasks (the heart of constructivist learning). Although the
idea of this shift of control can be traced back to Dewey, it came to maturity in the last quarter of the twentieth century
with psychology’s flirtation with aptitude-treatment-interactions (ATI: Cronbach & Snow, 1981) and the emergence of
instructional design theories. From the ATI side, learner controlled instruction is seen as instructional events or tactics
that increase learner in-volvement, mental investment, and achievement. Learners are free to choose learning activities
that suit their own individual preferences and needs. They tailor their instruction to their own style of learning, lead-
ing to more efficient and effective learning and higher motivation. On the instructional design side, Merrill (1983), for
example, prescribes learner control of content (encompassing curriculum, lesson, and module selection) and of strategy
(spanning various forms of presentation). He (1987) contends that when this is the case, learners themselves arrive at
self-determined instructional strategies which are optimal, when given an opportunity to exercise choice over them.
This, in turn, should lead to increased opportunities for self as-sessment and reflection; increased self-regulation.

Task control is strongly related to “learner control”. In its broadest sense, learner control is the degree to which a learner
can direct his/her own learning experience (Shyu & Brown, 1992). Instead of being the ob-ject of a lesson, the student
is placed in a position of importance and control. More specifically, learner con-trol (Hannafin, 1984) is the degree
to which learners control what is learned, the pace of learning, the direc-tion learning should take, and the styles and
strategies of learning that are to be adopted. This list can (and should) be expanded to include control over the choice
of methods and timing of assessment.

With respect to collaborative learning environments, this relates to questions such as: Who determines who does what
within the learning situation? Who determines what the legitimate pedagogy, content and contri-bution is; What actions
do students have to perform? Who determines which solution or solution path is most adequate, most applicable or best?
Is it the teacher/coach who sets the general outline, conditions and constraints, or is the student or student group fully
independent in selecting the relevant activities and learn-ing approach?

Conventional wisdom says that the more the learner controls his/her own instruction, the more rewarding the experience
will be. Kinzie, Sullivan, and Berdel (1988) found that by transferring the locus of control from the teacher to the student,
intrinsic motivation to learn increased and more satisfaction was derived from the learning experience, ultimately
leading to improved academic performance. This has been backed up by other researchers who have determined
learner control to be an essential aspect of effective learning (Kohn, 1993; Lawless & Brown, 1997; Lou, Abrami, &
d’Apollonia, 2001). Research findings in this direc-tion are in accordance with the application of cognitive evaluation
and overjustification theories. “Cognitive evaluation theory emphasizes the controlling aspect of performance-contingent
rewards in reducing per-sonal autonomy or self-determination. The loss of perceived autonomy leads to a loss of
intrinsic motiva-tion. Overjustification theory emphasizes the shift in attribution from internal to external sources that
per-formance-contingent rewards produce. Both accounts predict that performance-contingent rewards are det-rimental
to intrinsic motivation. to children for reading” (Cameron, Banko, & Pierce, 2001, p. 26).

With respect to learning tasks, by giving learners control they determine many aspects of their learning such as depth
of study, range of content, and time spent on learning. With these options, learners can tailor the learning experience
to meet their specific needs and interests. They are more autonomous, ask more ques-tions, and participate in more
conceptually based information exchanges than students in traditional class-rooms due to an increase in perceived
meaningfulness, self-assessment, and motivation (Kinzie & Sullivan, 1989) and increased feelings of competence, self-
determination and intrinsic interest (Lawless & Brown, 1997).

On the other hand there is also a large body of research (for an excellent review see Williams, 1996) which shows that

not all learners prefer nor profit from controlling the tasks (Carrier, 1984; Millheim & Martin, 1991), and that forcing
such control on them can be mathemathantic (Snow, 1980; Rasmussen and David-son-Shivers, 1998).
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Merrill (1983), for example, concludes that college-level students generally do not make good use of learner control
options, a position also taken by Carrier (1984). The reason for this is that learners appar-ently do not have or do not
know how to utilize appropriate strategies when they are left to themselves to manage their learning environment, i.e.,
they may not have the capacity to appraise both the demands of the task and their own learning needs in relation to that
task in order to select appropriate instruction.

Snow (1980), a pioneer in Aptitude Treatment Interaction research argues that far from eliminating the ef-fects of
individual differences on learning, providing learner control may actually exacerbate the differ-ences. Rasmussen
and Davidson-Shivers (1998), for example, found that active learners preferred lower levels of learner control and
performed best in structures that were highly controlled by others. Reflective learners, on the other hand, perform best
when learner control options are available. In other words, one level of control does not fit all learners. High levels of
learner control may prove counterproductive when applied to some learners.

Finally, Plowman, Luckin, Laurillard, Stratford, and Taylor (1999) determined that from the student’s point of view
teacher-controlled CSCL is a question of guidance while student-controlled learning is more one of construction.

Where is all of this going?

Educational and instructional design research should aim at the development of a comprehensive theory of instruction
and instructional design for competency-based curricula and learning environments in post-secondary higher education.
Ultimately, this theory should provide guidelines and tools. Instructional de-sign is not only a process for systematic
development of instruction, but also a field of research aimed at the creation of guidelines for the development,
implementation, evaluation, and maintenance of situations that facilitate learning.

What I propose here is a research and design approach dealing with a specific type of learning situation, namely one
involving distributed learning groups (CSCL-environments). It emphasizes and stimulates re-search not only on the
educational and technological aspects of CSCL, but also on the social aspects of learning in such environments and how
these aspects interact with the educational and technological as-pects. It also defines three specific non-surface level
factors central to the design of any environment, namely task ownership, task character and task control which will be
central to research on the educational affordances of these environments. In other words, it is design centered research
on supporting and stimu-lating learning in CSCL-environments.

According to Norman (1992), the major problem with most new technological devices and programs - and in my
opinion also in their use in education - “is that they are badly conceived, developed solely with the goal of using
technology. They ignore completely the human side, the needs and the abilities of people who will presumably use the
devices” (p. 65). Good use — and that means both usefulness and usability - re-quires a design process grounded in user-
centered instructional design research. I propose here a six-stage procedure for the research of CSCL-environments.
These stages are:

1 Determine what learners actually do

We as educators and instructional designers must abandon our own perspective and study the learner’s. We must
watch students interact, observe collaborating groups interacting to solve problems, observe users interacting
with software, et cetera, and do this before we begin to design and develop.

2 Determine what can be done to support those learners

We must not be seduced from our own knowledge and ideas to determine what is technologically, educationally,
or socially possible and then build, implement or stimulate it. Instead we must deter-mine, based on stage 1,
what actually needs to be supported / afforded and then proceed.
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3 Determine the constraints of the learner, learning situation and learning environment and the conven-tions
that already exist

What physical, logical and cultural limitations will we encounter when trying to implement support and what
constraints will the learner encounter when trying to use that support? What conventions al-ready exist and
are we introducing new ones? Of paramount importance here is that we look further than the technological
constraints and conventions and take into account the educational and social constraints and conventions
that play a role in CSCL. Denying or neglecting this will guarantee fail-ure, both of our work and of their
learning.

4 Determine how learners perceive and experience the support that we provide

There is a world of difference between our (good) intentions and user perceptions thereof. We need to see
and carry out research and design as iterative, interacting processes. We must verify our work by making
ample use of prototypes, mock-ups and incremental design procedures. We must try these ‘products’ out with
intended users at stages in their development where physical and conceptual changes can still be made. In this
way we can assure not only the usefulness of the support (does it achieve what we want it to achieve?), but
also the usability of that support (is it clearly defined such that its use is easily and correctly perceived by the
learner?).

5 Determine how the learner actually uses the support provided

Analogous to stage 1, and following up the more formative evaluations carried out in stage 4 we need to
determine if the learner actually does what we hope / expect that (s)he will do.

6 Determine what has been learnt

The goal of education is learning and there are three standards which can be used to determine the success of
any instructional design, namely its effectiveness, its efficiency and the satisfaction of those learning (and also

those teaching). An increase in one or more of these without a concomitant decrease in any of the others means
success. This is the proof of the pudding.

Learner / user What do learners actually do?
experience What do learners want to do?

Support / How can we support what they do?
affordances What affordances are needed?
Constraints / What are the physical, logical and
conventions cultural limitations encountered?
How does the learner perceive the Learner / user

support? perceptions
How does the learner actually use Learner / user

the support? experience

What has the learner / learning Learnin
group actually achieved? 9




Are two heads really better than one?

There’s a radio show I often listen to called Car Talk® . Two dropout physics Ph.D.s who — disenchanted with university
teaching — started a do-it-yourself garage in Boston and try to answer listener questions about cars (and lots of other
things). On one occasion a caller posed a question about electric brakes on a cattle carrier. Unencumbered by the
thought process as well as by any knowledge about electric brakes or cattle carriers, they waxed prolifically to give an
answer. The next week the following letter arrived, which they read on the air (October 24, 1997):

I am writing to offer profound thanks to you for resolving an important philosophical question ... Do two people
who don’t know what they are talking about know more or less than one person who doesn’t know what he’s talking
about?

In your recent conversations regarding electric brakes on a cattle carrier, I believe you definitely answered this query
... Amazingly enough, you proved that even in a case where one person might know nothing about a subject, it is
possible for two people to know even less!

One person will only go so far out on a limb in his construction of deeply hypothetical structures, and will of-ten end
with a shrug or a raising of hands to indicate the dismissability of his particular take on a subject. With two people,
the intricacies, the gives and takes, the wherefores and why-nots, can become a veritable pas-de-deux of breathtaking
speculation.

I had always suspected this was the case, but no argument I could have built from my years of observation would have
so satisfyingly closed the door on the subject as your performance on the cattle carrier call. To begin your comments
by saying, “We’ll answer your question if you tell us how electric brakes work™ and “We’ve never heard of electric
brakes” and then indulge in lengthy theoretical hypostulations on the whys and wherefores of the caller’s problem
allowed me to observe that you were finally putting this gnarly ques-tion to rest.

I am forever indebted to you for the great service you have performed! I’m truly impressed that it took so many years
of listening to your show to finally have this matter resolved.

All joking aside, although it is apparently possible that two people can be dumber than one, we will assume that by
working together people will be able to achieve more and different things than if they work alone. In business this
means that solutions are more creative and innovative, that products are more effective and efficient and that businesses
(both the employees and the company as a whole) get smarter. In education, this means that students learn more and
institutions expand their resources to design, develop and deliver better education. For educators, this means that we
must afford such learning environments.
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This paper presents findings from a study of collaboration during learning-related information seeking. The
aim of the study was to identify the organization, functions, and types of ‘dialogic’ talk used by the par-
ticipants as they collectively evaluate and make sense of the content of information retrieved as part of a
learning activity. Although research has been conducted into the nature of dialogue during user-intermediary
interaction for information retrieval little research has been conducted into the nature of peer interaction dur-
ing information seeking and retrieval. Nine groups of undergraduate students were observed discussing the
results of their information searches at the planning stage of a group investigation. A content analysis of the
dialogues generated was conducted. The findings presented relate to the organization and types of dialogic
talk used by the participants at this stage of the learning activity. Four types of dialogic talk were identified:
exploratory, coordinating, disputational, and cumulative. The significance of these findings for learning-re-
lated information seeking and for studies of user-intermediary interaction is discussed. It is concluded that
educationally-valued types of talk are transferable to situations of information seeking; and that the integra-
tion of information seeking research with studies of dialogue can enhance the study of information seeking
in learning contexts.

Keywords: collaboration, learning, information seeking, discourse

1 Introduction

A user-oriented perspective on information seeking and retrieval that complements a more systems-oriented perspective
is an established strand of research within the field of information studies. Recent research from a user-oriented
perspective has begun to focus on context and the aspects of context relevant to the seeking and retrieval of information
(e.g. Ruthven, Borlund, Ingwersen, Belkin, Tombros & Vakkari, 2006; Crestani & Ruthven, 2005; Spink & Cool,
2002). Two types of contexts that have received research attention are collaboration and task. Information seeking
and retrieving is typically performed by individuals, sometimes in tandem with a professional intermediary. Settings
are emerging however where information is sought, retrieved, and used not only by individuals but also by groups
collectively participating in a larger unit of activity (Foster, 2006). When collaboration takes place as part of a larger
unit of activity (e.g. work task, learning task) it becomes pertinent to consider not only the initial conditions of effective
collaboration e.g. a common task but also the resources e.g. dialogue that participants draw upon to support effective
collaboration as it unfolds.

2 Aims and objectives

The emergence of the study of collaboration in information seeking and retrieval has opened up the study of peer
as opposed to user-intermediary interaction during information seeking and retrieval. This paper focuses on peer
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interaction during learning-related information seeking. One of the primary means through which collaboration gets
done is dialogue. The paper reports on a study of peer interaction during an ‘information task’ performed as part of a
broader learning activity. The aim of the study was to identify the organization, functions, and types of ‘dialogic’ talk
used by the participants as they collectively evaluate and make sense of the content of the information retrieved; and to
hypothesize as to the characteristics of effective dialogue when supporting the performance of information tasks.

3 Background

The study of users’ interaction with human intermediaries and with interfaces designed for information retrieval has
The study of users’ interaction with human intermediaries and with interfaces designed for information retrieval has
been a consistent field of research in information science. Part of this research has been concerned with the nature of
effective dialogue for information retrieval. In commenting on a range of approaches to analyzing dialogue in other
fields, approaches that might inform the “formal, goal-oriented communication system” of information retrieval, the
authors of an early review of interaction in information retrieval stated that:

...all the various approaches have two common characteristics: the emphasis which they all place on the importance of
shared knowledge to effective communication in the dialogue,; and the insistence that it is the functions that take place,
rather than the surface of the dialogue, which are of significance in discourse analysis (Belkin & Vickery, 1985: 66)

The importance attached to ‘shared knowledge’ for there to be effective user-intermediary interaction; and the emphasis
placed on a functional approach to discourse has informed much of the research in the area. This research can be
broadly categorized into that which has focused on user-intermediary interaction and which has sought to understand
the character and functions of human-human interaction for information retrieval, so as to improve the effectiveness of
such interaction for the retrieval of relevant information; and that which has focused on user-intermediary interaction
for the purpose of modelling such interaction in order to inform the functional design of automated intermediaries. An
approach that combines human-human and human-computer interaction has also been developed (Saracevic, 1996).
Beaulieu (2000) proposes that interaction in information searching and retrieval be considered a discourse. The outcome
of this research has often been the development of taxonomies of functions relevant to human-human interaction and
human-computer interaction for information retrieval. For example: problem state, problem mode, user model, problem
description, dialogue mode, relevant world builder, response generator, input analyst, output generator, explanation,
secondary communication (Belkin, Brooks & Daniels, 1987; Belkin, 1984; Belkin, Seeger, & Wersig, 1983; Brooks &
Belkin, 1983); context, terminology and restrictions, systems explanations, search tactics and procedures, review and
relevance, action, backchanneling—prompts, echoes, extraneous; file, terminology, restriction, explanation and review,
answers, idle (Saracevic, Spink, & Wu, 1997; Saracevic, Mokros & Su, 1990; see also Ellis, Wilson, Ford, Foster,
Lam, Burton & Spink, 2002). Because of its centrality to intermediary-user interaction, research has also focused on
elicitation behaviour (e.g. Spink, Goodrum & Robins, 1996; Spink & Sollenberger, 2004; Wu & Liu, 2003; Wu, 2005).
This research has also led to taxonomies of the intended purpose of such elicitations e.g. to ask about terms, search
procedures, databases, the current action or plan, and outputs (Wu, 2005). Such taxonomies, and the user models that
can be derived from them, are clearly valuable for an analysis of interaction for information retrieval. Their application
to and use as potential category systems for the analysis of the dialogue that occurs during learning-related information
seeking is less apparent. This is for two reasons: (i) the learning-related nature of the information task that is driving the
dialogue, and (ii) the multi-party, rather than dyadic, nature of the dialogue. Where a dialogue designed for the purposes
of retrieving information can be considered to be driven by a terminological imperative, a dialogue for learning-related
information seeking can be considered to involve the interpretation and use of the information within the context of the
learning activity. The unit of analysis used to study dialogue during information retrieval interaction has also normally
been the single utterance. The collaborative nature of the learning-related information-seeking context studied here
however requires a unit of analysis that enables study of the learning activity and the utterances of a range of speakers.
A category system that combines activity and multi-party interaction within a single analytical framework is now
described.
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4 Methods
4.1 Data collection

The collaboration and task context for the study of learning-related information-seeking was group investigation, a form
of cooperative learning where knowledge is acquired and constructed within a social context of understanding (Sharan
& Sharan, 1992). Table 1. presents the stages and main actions of a group investigation. Participants in the study were
a class of ten students studying an undergraduate module in information management and strategy. The educational
content of the module was organized around three themes: information policy, information audit, and information
strategy. Each of the three themes was simultaneously investigated by three groups of students over a period of two
weeks. Stage 4 of the group investigation at

Table 1. Group investigation

Stage | Description

1 Teacher introduces topic. Class determines subtopics
for investigation and organizes into research groups.

Groups plan their investigations

Groups carry out their investigations

Groups plan their presentations

Groups make their presentations

[ 0 IRV, I SN BVST B S}

The investigation concludes with the teacher
and students evaluating their investigations.

which participants collectively review and discuss the documents that they have retrieved forms the particular focus of
the study reported on here. At stage 4, which for the purposes of the research study was called an ‘Information Task’,
participants were asked to complete three sub-tasks: (i) to share the information that they had retrieved at stage 3 (ii) to
develop a collective response to the question under group investigation, and (iii) to plan a presentation on their findings
to others in the class.

INFORMATION TASK

T

STEP: SHARE STEP: INTERPRET STEP:COMPLETE
INFORMATION

Sequence
-~

<~ -~
- <~ -~
P ~ ~ -~
~ -~

~ -

- - o
(PreparatoryTExA) Nuclear Exchange (DepencTem Ex.) (Embedded Ex.)

Initiate move Respond move  (Follow-up) (Exploratory, Disputational, Cumulative)

Figure 1. Analytical framework (Adapted from: Wells, 1999)
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Nine face-to-face meetings took place at which the information tasks were performed. Participants in the study were
required to participate in the meetings for the purposes of collectively generating ideas for a subsequent, individually-
assessed essay component of the module. Participation in meetings was incentivised through the allocation of a single
mark that contributed to the assessment for the module. To avoid bias during the data collection participants were
unaware of the study’s focus on understanding the nature of the dialogue used while the participants collectively make
sense of the documents retrieved. Data elicitation methods consisted of the video-recording and transcription of the
dialogues generated as students performed their information tasks.

4.2 Data analysis

A content analysis of the dialogues generated was conducted. The analysis followed a generalized framework for
content analysis (Krippendorff, 2004) with a particular emphasis on a structuring of the content of the dialogues
(Mayring, 2003). This structuring drew on an analytical framework ‘the sequential organization of discourse’ (Wells,
1999). Figure 1. presents the framework. The framework was adapted by adding what was known about the discourse
organization of the dialogues before the analysis. The framework identifies the hierarchical and sequential organization
of the dialogues by specifying both the task context within which the talk took place and the structure of the talk itself
(into sequences, exchanges, and individual moves). Individual moves are the smallest ‘building-block’ of spoken
discourse e.g. a question or an answer (Wells, 1999). Moves combine to make exchanges, and exchanges combine to
form of sequences. The minimal exchange is of two moves (i.e. an initiating move and a responding move combine to
form a nuclear exchange). One or more moves that follow-up on a nuclear exchange form a dependent exchange. Nuclear
and dependent exchanges combine to form sequences. Wells (1999) identifies the ‘exchange’ as the appropriate unit of
analysis for spoken discourse; while the ‘sequence’ is the key functional unit for joint activity by virtue of combining
the nuclear exchange where initial expectations occur, with the succession of moves where either the initiating speaker
or others follow-up on these initial expectations. The analytical framework first served as a resource for segmenting
the information task dialogues. Thus the dialogues were segmented into those chunks of talk related to each step of the
task; talk related to each step of the task was then segmented into sequences; sequences were further divided where
appropriate into the nuclear and dependent exchange of they consisted. Finally each individual move was coded.

Table 2. Types of peer talk (Adapted from: Mercer & Wegerif, 1999)

Type of Peer Talk | Definition

Disputational talk | Characterized by disagreement and individualized decision

making. There are few attempts to pool resources, or to offer
constructive criticism of suggestions. Disputational talk also
has some characteristic discourse features — short exchanges
consisting of assertions and challenges or counter assertions

Cumulative talk Speakers build positively but uncritically on what the other
has said. Partners use talk to construct a ‘common knowledge’
by accumulation. Cumulative discourse is characterised by
repetitions, confirmations and elaborations.

Exploratory talk Partners engage critically but constructively with each

other s ideas. Statements and suggestions are offered for

joint consideration. These may be challenged and counter-
challenged, but challenges are justified and alternative
hypotheses are offered. Compared with the other two types, in
exploratory talk knowledge is made more publicly accountable
and reasoning is more visible in the talk.
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Analysis of the dependent exchanges that follow-up on the nuclear exchange in a sequence was further specified with
reference to three types of dialogical peer talk (Mercer & Wegerif, 1997) (see Table 2.). Thus dependent exchanges
were categorized by virtue of the type of talk or ‘discourse format’ displayed by the participants during the exchange.
The theoretical characteristics of these types of talk are now described. Illustrative examples of the types of talk taken
from the dialogues are also presented.

Cumulative Talk

A distinct feature of the information task dialogues was the occurrence of summarizing sequences. Such sequences
normally occurred at the closure of each step of the information task. Such summarizing sequences are characterized
by the cumulative talk discourse format, during which participants acknowledge and confirm what has already been
discussed, partly in order to display to each other that the information is part of their common ground and partly to act
as a staging post in the accomplishment of the task. Such sequences also tend to be under the unilateral control of the
speaker initiating the sequence.

€)) A: Right, so, OK. Nuc. I Inform

2) First part before we come to here. Nuc.

3) M: Yeh. Nuc. R Acknowledge

4) E: Yeh. Nuc. R Acknowledge

&) A: First part we talk about. Dep. I Request confirmation

(6) Il talk about this.

(7 M.’1l talk about this.

() M: Yeh. Dep. R Confirm

) A: And you’re going to talk about, Dep. I Request confirmation
Like the examples

(10) E: Yeh. Dep. R Confirm

(11) A: And the countries Dep. I Request confirmation

(12) E: Yeh. Dep. R Confirm

Figure 2. Cumulative talk

The cumulative talk exchange in Figure 2. occurs during a sequence extracted from the final ‘presentation’ step of one
of the group investigations into the topic of information policy. N.B. the structure of this and subsequent examples is
as follows: col. 1 = line number; col. 2 = speaker; col. 3 = utterance; col. 4 = type of exchange (nuc. = nuclear, dep.
= dependent, emb. = embedded; col. 5 = type of move (I= initiating, R = responding); col. 6 = discourse move. The
sequence structure in Figure 2. can also be divided into an initiating exchange, termed a nuclear exchange, and a series
of dependent exchanges that ‘follow-up’ on the expectations set up by the initiating exchange (Wells, 1999) (Table 3.)

Table 3. Sequence structure (cumulative talk)

(1-4) Initiating Exchange (Speaker 1)

(5-12) | Cumulative Follow-Up (Other task participants)
(5-8) Cumulative follow-up 1 (Speaker 1/Speaker 2)
(9-12) | Cumulative follow-up 2 (Speaker 1/Speaker 3)
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Exploratory Talk

Figure 3. is an example of exploratory talk. In itself exploratory talk is a type of collaborative talk characterized by
speakers extending the previous contributions made by other speakers. The extract contains two instances of the use of
an ‘extend other’ discourse move that leads to the identification and categorization of this sequence as exploratory in
form.

(1) AE What—did anybody pick up this objective Nuc. I Request positive/negative
2) in Orna, risk avoidance?

3) A: Yeh Nuec. R Yes/No

4 M: Yeh Nuc. R Yes/No

5 J: Short-term Dep I Inform

(6) So, I mean, that could be— Dep. I Give opinion
(7 M: Could go into making information Dep. 1 Extend other
() More accessible and usable for the—

) A: Yeh Emb. R Acknowledge
(10) Orna said about risk avoidance. Dep. 1 Extend other
(11) And then () said about

(12) Draws attention to problem areas

(13) Which kind of same thing isn’t it, Dep. I Request opinion
(14) When you get () avoids risk

Figure 3. Exploratory talk

Having agreed on a list of the benefits of information auditing as their focus for organizing their response to the
information task, the participants proceed to collect information in relation to this focus; and the extract is taken from
the information collection phase of the task. At (1-4) J. initiates the sequence with a nuclear elicitation exchange, inviting
other participants to respond either positively or negatively to a potential benefit of information audits not previously
discussed as part of their dialogue. Positive responses are first provided by two of the three other participants before
each in turn extends John’s initial point. M. follows up at (7-8) and A. follows up at (9-14). This sequence can also be
divided into an initiating exchange, termed a nuclear exchange, and a series of dependent exchanges that ‘follow-up’ on
the expectations set up by the initiating exchange (Wells, 1999) (Table 4.):

Table 4. Sequence structure (exploratory talk)

(1-4) Initiating Exchange (J)

(5-14) Exploratory Follow-Up (Other task participants)
(7-8) Exploratory follow-up 1 (M)

9-14) Exploratory follow-up 2 (A.)

In sum, what the sequence demonstrates is one of the uses of exploratory talk during the Information Task, where
the exploratory discourse format enables participants to jointly decide on an agreed categorization for a particular
information resource.
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Disputational Talk

A third type of collaborative talk is characterized by the participants’ explicit use of counter-suggestions and rebuttals.
This type of talk does not occur as frequently in the dialogues as the other types of talk. When it does occur it can occur
during moments of debate or conflict. Figure 4. presents an example extracted from the ‘focus formulation’ step of one
of the dialogues. The sequence demonstrates initial disagreement and eventual resolution among the participants about
a schema for organizing the collection of information in support of the chosen focus.

€)) I Could we try and pick out Nue. 1 Give suggestion
2) The tangible then first?

3) And write that down?

4 C: I don’t know if it’s going Nuc. R Reject

5 A: 0 Nuc. R 0

(6) C: To be casier.

(7 It might be easier to listen, Dep. 1 Give suggestion
C

(®) And then write, put ‘T’ next

©) To that one.

(10) A: () split the page in two. Dep. 1 Give suggestion
(11) C: Alright Dep. R Accept

(12) A: And then say (), Dep. 1 Extend self
(13) Say, y’know,

(14) Say, ‘oh’, that’s a tangible

(15) And then put it in that column

(16) And we can (probably take it from there?) Dep. I Give suggestion

Figure 4. Disputational talk

Disputational talk exhibits the same initiation-response-follow-up structure as cumulative and exploratory talk. In
contrast however to both cumulative and exploratory talk, the initial expectations set by the initial exchange are not
accepted and other participants’ commitment to the suggested joint action is not, if at all, gained. The structure of this
disputational sequence is as follows

Table 5. Sequence structure (disputational talk)

(1-6) Initiating Exchange (J.)
(7-16) | Disputational Follow-Up
(Other task participants)

(7-9) Counter suggestion (C.)
(10-16) | Resolution (A.)

5 Results

An initial outcome of the content analysis was a revised coding scheme for the analysis of the dialogues. This coding
scheme revised the analytical framework (Figure 1.) in light of the discourse data. In terms of types of talk this led to
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discovery of as four type of talk which was termed ‘coordinating talk’. Some brief information is provided here about
the number of steps and sequences found in the data set before findings are presented on the types of collaborative
talk that occurred and which forms the focus of the paper. Analysis of the nine information task dialogues yielded 36
steps and 224 sequences in total. Application of the analytical framework supported the division of the interpret stage
into two sub-steps: ‘focus formulation’ and ‘information collection’ (Kuhlthau, 2004). Four types of sequences were
identified: structuring, eliciting, informing, and summarizing. Of the 224 sequences, 170 (75.89%) led to dependent
exchanges where other participants followed up on the initiating, nuclear, exchange. The mean number of sequences
used to perform the information task was 25 sequences. As mentioned earlier a sequence can be divided into a nuclear
exchange and a dependent exchange. It can be argued that one manifestation of collaboration during peer interaction
is the occurrence of sequences where the content of the initiating, nuclear, exchange of one speaker is extended and
followed up on by the other speakers. Thus after a sequence is initiated there are broadly two possible patterns of
talk: either the initiating exchange is followed up by the initiating speaker themselves or the initiating exchange is
followed up by the one or more of the other participants (including although not immediately a further turn-at-talk from
the initiating speaker). The former type of dependent exchange can be termed ‘extension self” and the latter type of
dependent exchange can be termed ‘extension other’. In multi-party collaborative work it is the latter that is the typical
pattern of talk.

Table 6. Dependent exchanges: Type and frequency

Type Frequency

Extension self 45 20.09%
Extension other | 170 75.89%
Nuclear only 6 2.68%
Unidentified 3 1.34%
Total 224 100.00%

Table 6. summarizes the distribution of these two types of talk across the nine dialogues and highlights the overwhelming
occurrence of extension other type sequences (75.89%). In only 20.09% of cases did sequences occur where the initiating
speaker followed up on their own initiating, nuclear, exchange. Six of the sequences (2.68%) were categorized as only
having a nuclear exchange and three sequences (1.34%) were unable to be identified as the exchange immediately
following the nuclear exchange contained discourse moves that were indistinct and hence unable to be transcribed. For
the purposes of this paper it is the further categorization of dependent, extension other, exchanges into different forms
of collaborative talk that is of research interest. Table 7. presents the distribution of the types of collaborative talk across
the nine dialogues. This highlights that ‘exploratory talk’ was the most frequently occurring type of talk (50.59%),
followed by ‘coordinating talk’ (33.53%); with the remainder of the dependent, extension other, exchanges consisting
of a combination of ‘disputational’ and ‘cumulative’ exchanges and a small number of unidentified exchanges.

Table 7. Dependent exchanges: Type and frequency

Type Frequency

Exploratory 82 48.24
Coordinating 63 37.06
Disputational 13 7.65
Cumulative 9 5.29
Unidentified 3 1.76
Total 170 100.00%
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The type of collaborative talk occurring most frequently during dependent, extension other, exchanges was exploratory
talk. This is all to the good since the aim of the information tasks and the group investigation more broadly was to
encourage a more exploratory and critical approach to the evaluation of information and the construction of knowledge
and understanding. This is an aim that is consistent with mean-making rather than mere accumulation of information.
The majority of the exploratory talk occurred during the information collection step of the Information Tasks (59.76%)
and was evidence of a systematic relationship between exploratory talk and the information collection step of the
information task. Many of the information-seeking functions that were being performed at this step were followed up
in an exploratory way by the other participants. These functions included requests for justifications and evaluations
of a previous turn-at-talk. In sum such talk amounts to ‘reasoning discourse’ during which each speaker not only
displayed their own reasoning but also engaged in transactive reasoning by discussing the suggestions and opinions
of others. For example suggestions for presentation content could be followed up by others with a justification request
or their own opinion on the suggestion supported by a justification for their opinion; suggestions for presentation
structure could be variously extended and followed up by others with a justification request, or an opinion of the
suggestion. In fact all information-seeking functions can potentially be followed up in an exploratory way. From an
educational perspective such exploratory talk is to be encouraged. However over-exploration also occurred where a
group investigation was characterized by a tendency for others to follow-up on the suggestions and opinions of others
without proffering their own; such over-exploration was indicative of an underlying weakness in the investigatory
process e.g. a lack of domain knowledge. Although accounting for only 7.65% of the sum total of collaborative talk,
instances of disputational talk occurred most frequently in relation to participants’ suggestions, in particular in relation
to the key sub-task of formulating a focus for the group’s response to the question under investigation i.e. disputation
over suggestions for formulating the focus and the discussion of counter-suggestions. Other suggestions in relation
to which disputational talk occurred included suggestions for how to structure the upcoming presentation and what
to include in the presentation. Disputational talk also occurred where there were differences of opinion as to how to
categorize an information resource and when discussing the meaning of an information resource. In sum disputational
talk tended to occur during the focus formulation and information collection steps of the information tasks (there was
only one case of disputational talk during the completion step) and in relation to key information task sub-tasks that
involved some element of structuring e.g. the formulation of a collective focus, suggestions for presentation structure
or content. It is worth noting that the occurrence of disputational rather than exploratory talk in a dialogue does not
necessarily, although it may, imply ineffective collaboration during information-seeking. An element of disputation
may indeed be productive and generative of effective investigation. This was the case for example in one of the
investigations during which there occurred two exchanges of disputational talk in relation to the formulation of the
focus, and yet performance on this information task was be considered to be the most effective of the nine information
tasks performed. The majority of the cumulative talk occurred during the information collection step of the information
tasks. During this step cumulative talk was used to confirm a pre-established focus, request opinions of the meaning of
the information collected, request suggestions for focus, share information in support of a focus, request information in
support and to suggest presentation content. Two instances of cumulative talk occurred during the focus formulation
step: to request confirmation of focus and to give an opinion on information collected. Thus it can be seen that although
instances of cumulative talk are concentrated during the information collection step the information-seeking functions
with which cumulative talk was associated were quite various.
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(1 D: Start off with...what Orna Says Nuc I Give suggestion
2) M: Yeh Nuc R Accept

3) L: Um Nuc R Accept

4) D: So you start off with Orna... Dep. 1 Repeat

%) M: Yeh Dep. R Accept

(6) D: At the end you put, at the end Dep. 1 Give suggestion
@) M: [...] And then at the end Dep. 1 Give suggestion
®) We can have like how

9) To incorporate how,

(10) How what we found, and how Orna, Orna’s

(11) D: ...compare what we Dep. 1 Give suggestion
(12) M: ...compare... Dep. R Repeat

(13) These are...you know Dep. 1 Give justification
(14) And these are all exactly

(15) Successful (or) constraining

(16) And then Dep. 1 Give opinion
17 And that’s it.

Figure 5. Coordinating talk

The small percentage of cumulative exchanges meant that reliable testing of the association between this type of
exchange and step of the information task was not possible. There is some evidence to suggest however that where
cumulative talk does occur there is a tendency for this type of talk to occur as a dependent exchange during elicitation
sequences rather than during other kinds of sequences. Instances of cumulative talk also tend to occur at points where
there is a hiatus in the advancement of the task e.g. at the initial outset of the focus formulation step when information
is shared but not taken up or at the initial outset of the information collection step as an external record of the group’s
problem response to the information task is being agreed upon. In sum the non-dialogic nature of cumulative talk is
an indication wherever it occurs of less rather than more effective collaboration during information seeking. Common
ground between the participants is cumulated although in a manner that does not admit to exploration and meaning-
making. Application of the initial category system to the dependent exchanges also led to the discovery of a new type of
collaborative talk. This was a form of collaborative talk that can be termed ‘coordinating talk’ and which derives from
the task and collaboration contexts driving the dialogues. Coordinating talk was characterized by a series of exchanges
during which an initial suggestion for action is then followed-up and completed by the others by taking up the action
and more closely specifying or implementing the action suggested. An example of this type of talk occurring is provided
in Figure 5. The structure of the sequence can be presented as follows:

Table 8. Sequence structure (coordinating talk)

(1-3) Initiating Exchange (D.)

(4-6) Extension Self (Give suggestion) (D.)
(7-17) Follow-Up (Other task participants)
(7-9) Counter suggestion (C.)

(10-16) | Resolution (A.)
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Coordinating talk accounted in total for nearly a third of the dependent, extension other, changes (Table 7.) with the
vast majority of these exchanges distributed fairly evenly across the Information Collection and Completion steps of
the information tasks i.e. during the middle and concluding steps of the information task and not during the Focus
Formulation step. A Chi-Square test confirmed a significant association between the type of collaborative talk and
the step at which the type of talk occurred: Chi2 (6) = 18.453, p <.005. This is the case in four cases: exploratory
talk and focus formulation, exploratory talk and information collection, coordinating talk and information collection,
coordinating talk and completion. In the case of information collection it is exploratory talk rather than coordinating
talk that is the more significantly associated with this step of the information task.

5.1 Discussion

The study has identified the different types and uses of dialogue that support the process of collaboration during
learning-related information seeking. The study provides evidence to support the claim that dialogic forms of interaction
rather than the more constrained forms of user-intermediary interaction are the appropriate form of interaction for peer
interaction during learning-related information seeking. The most frequently occurring form of collaborative talk was
observed to be exploratory. Such exploratory information-seeking is akin to attempts to characterize information-seeking
as sense-making (Dervin, 1999) and meaning-making (Yoon & Nilan, 1999). Coordinating and disputational talk were
also identified are valued forms of talk for supporting the process of collaboration during learning-related information-
seeking. It can be hypothesized that it is likely that effective collaboration during learning-related information-seeking
is associated with the use of such discourse formats. The study has also pointed to the development of norms for the
appropriate levels of use of such collaborative talk. For example, although exploratory talk is an educationally valued
from of talk and, it is claimed here, a valued form of information seeking interaction, over-exploration can lead to
digressions in the task and may be indicative of other weaknesses as well e.g. a lack of domain or problem-solving
knowledge. Similarly, over-use of coordinating talk may be indicative of a superficial approach to the task where
priority is accorded to the coordination of participants’ actions (e.g. organizing roles for the upcoming presentation)
rather than the meaning of the documents retrieved. The identification of the types of collaborative talk and more
particularly, the association of types of talk with the steps of the information task can also underpin the development
of a template outlining the norms for the types of collaborative talk or discourse formats found by participants to be
most useful during the accomplishment of learning-related information tasks. Empirical evidence in support of the
use of such discourse formats can also be supplemented by other theoretically valued discourse formats as possible
options (e.g. disputational talk). Such learning-related information tasks can be implemented in face-to-face and in
computer-supported collaborative environments. If the latter the application of argumentation software may prove
valuable. In either there are also implications, as there are for intermediaries more generally, for human intervention
when individuals or peers are unable to progress the task without external intervention. In this regard the study points
to the forms of collaborative talk that a tutor might encourage, e.g. the use of exploratory or coordinating talk, when
breakdowns in learning-related information tasks occur.

6 Conclusions

This paper has presented findings from a study of learning-related information-seeking and the types of ‘dialogic’ talk
used by the participants as they collectively evaluate and make sense of the content of the information retrieved in support
of the learning activity. Four types of talk were identified: exploratory, coordinating, disputational and cumulative; with
exploratory talk being the most frequently occurring and used discourse format. Both exploratory and disputational
talk can be considered to be educationally-valued types of talk that are transferable to the situation of learning-related
information-seeking where information is not only sought and retrieved but also interpreted and presented within a
broader context of activity. Coordinating talk was also identified as a valued form of talk when seeking information
collaboratively. It can be concluded that studies of information seeking that focus on the seeking of relevant or pertinent
information can be productively integrated with studies of dialogue when taking account of the use of the information
and its application within a learning context.
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This paper discusses a longitudinal study that investigates the development of children’s explanation
processes in technology-enriched science classrooms. Of particular interest are the intertextual elements
of children’s explanations constructed into being in collaborative peer groups in kindergarten and second
grade science classrooms. Theoretically, the study highlights the potential of sociocultural perspectives of
learning and development to provide new insights into the processes of children’s explanation generation
during collaborative problem-solving supported by technological simulations (Mercer, 1996; Wells, 1999).
The methodological foundations of the study draw upon developmental psychology and sociolinguistics
as well as on earlier studies on collaborative peer problem-solving and learning (Kumpulainen & Wray,
2002; Littleton & Light, 1999). The empirical data of this study were collected in two phases and involved a
classroom community of 22 children, aged between six to eight years. The same children were observed in
their science classrooms at a kindergarten setting as well as during their second grade. The learning activities
and tools in the science unit consisted of child-initiated, exploratory activities during which children had
versatile tools in their use, including a multimedia learning tool, PICCO. The preliminary results indicate
that studying the intertextual elements of children’s explanations provides a fruitful platform to investigate
children’s explanation processes when they are making sense of the world whilst engaging in scientific
inquiry. The children’s explanations were found to draw on textual and material links, hands-on explorations,
i.e. activity links, as well as on recounting events. Moreover, the preliminary results show that inquiry-based
science learning embedded in dialogic learning activities and the application of technological tools enriches
the intertextual character of the children’s explanation processes. (Kumpulainen, Vasama & Kangassalo 2003,
20006). The study reported in this paper is part of PICCO-research project (e.g. Kangassalo and Kumpulainen
2003, 2004). PICCO is an ongoing research project that investigates children’s science learning and thinking
in social context of a multimedia environment. The project will broaden and deepen the existing research
work of the research partners particularly in relation to young learners’ conceptual thinking and learning of
science within the social contexts of technology-enriched classrooms.

Keywords: early childhood education, intertextuality, peer-centered learning, science learning
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1 Introduction

In these days all Finnish six year old children are entitled to pre-school education by law. This has brought pressure
for people on the early years educational field to re-organise pre-school education and to change its characteristic.
Previously, pre-school was more or less an environment in which the children just obtained day care while parents
were working. Nowadays pre-school education has been seen more as a part of the schooling system, like a starting
class which produces conditions for the diversified development and gives learning possibilities for every child. (Havu,
2000). Providing the learning environments in which the children can express themselves and discuss with the other
peers and teacher is a challenge for nowadays pre-school educators

Finnish pre-school curriculum (Opetushallitus, 2000) places emphasis on conceptual disciplines in daily activities
and cognitive topics, such as Finnish readiness to read and write, mathematics, environmental education and science
education.

The main aim of the Finnish pre-school curriculum (Opetushallitus, 2000) is to develop children’s view of the world.
Accordingly, this developmental process is seen to be established through the children’s observations and emotional
experiences in the environment were they live. The view of the world consists of pre-school activities including the
cognitive, social and affective aspects. (Havu, 2000). It is clear that the children construct their social roles through
play; they also learn social interaction and collaboration among each others. It has become important for teachers and
researchers to understand better how social interaction and collaboration is constructed between early years learners
while working in peer groups on various activities. In addition to contemporary views of learning, including child-
centred learning activities and collaborative working modes, it is vital to pay attention on the learning environments as
well. Consequently, it is important to investigate the features and development of children’s collaboration and social
construction of meaning in computer-mediated peer activities.

Research has indicated that using computers in the classroom is rich ground for social interaction, as children frequently
prefer working with a peer to using the computer alone (Haugland, 1997, 2000). Consequently, the role of technology
in early childhood education is a controversial topic. Parents and educators have concerns about potential benefits or
harm to young children. Critics contend that technology, meaning the use of computers, in education wastes time,
money and childhood itself by cutting down on essential learning experiences. On the other hand, proponents suggest
that children should have the advantage that new technology can offer. The controversy around the use of computers
in early childhood education revolves around the specific needs of young children and whether technology can support
those needs, or will take away from important developmental experiences (Haugland, 2000). Studies around the use
of computers with children stress that when properly used, computers and software can serve as catalyst for social
interaction and conversations related to children’s work. A classroom set up to encourage interaction and the appropriate
use of the technology will increase, not impair, language and literacy development. According to various studies
computer use enhances children’s self concept, and children demonstrate increasing levels of spoken communication
and collaboration. Children also share leadership roles more frequently and develop positive attitudes towards learning
(Clements, 1994; Cardelle-Elawar & Wetzel, 1995; Denning & Smith, 1997; Haugland & Wright, 1997; Haugland
1997, 2000). Computers allow for development, adaptation, and delivery of tools that may facilitate more effective
thinking, problem solving and learning (Haugland & Wright, 1997).

2 Theoretical rationale

The broader theoretical rationale on which this research study is grounded derives from sociocultural perspective
to learning and development (Brown, Collins & Duguid, 1989; Cobb & Bowers, 1999; Greeno, 1997; Lave, 1988;
O’Connor, 1998). This approach views learning as a process of enculturation which develops through participating
in socially situated cultural activities with more knowledgeable members of culture (Rogoff & Toma, 1997; Wertsch,
Hagstrom & Kikas, 1995). In these perspectives language and other semiotic tools have an important role in mediating
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the development of social understandings which are gradually internalised to be reflected as intramental habits of mind
(Vygotsky, 1962, 1978; Wertsch, 1991).

In the sociocultural framework language is seen as a tool for thinking. Consequently the two are seen as closely related
(Vygotsky, 1978). Disciplines, such as science are constructed by unique ways of thinking and acting employing
specific linguistic registers (Lemke, 1990; Varelas & Pappas, 2003). The sociocultural approach conceptualises science
learning as an interactional process which includes learning the discourses and social practices of scientific communities
(Herrenkohl & Guerra, 1998). For the sociocultural framework science learning is viewed as an enculturation process
into a community. Here, the traditional view of knowing as possessing is replaced by the concepts of belonging,
participating and communication (Sfard, 1998; Schnotz, Vosniadou, & Carretero, 1999; Wenger, 1998). Also scientific
explanations involve the construction of new conceptual entities and related linquistic expressions (Ogborn, Kress,
Martins, & McGullicuddy, 1996). Accordingly, science learning can be viewed as entailing a new way of seeing and
new way of talking about it (Kaartinen & Kumpulainen, 2002).

For inquiry-based science education, explanation construction is an important element to be cultivated in instructional
practice. Via the promotion of explanation generation in science classrooms, students are provided with opportunities to
gain an understanding of the ways in which to conduct scientific inquiry. This requires constructing an understanding of
“the epistemic game” (Collins & Ferguson, 1993) of participating in scientific inquiry. That is, understanding the nature
and goals of scientific inquiry and the social practices via which the desired explanations and theories are constructed
(Schauble, et al., 1995). With regards to scientific explanation, this involves constructing an understanding of specific
reasoning strategies and manipulations of the representation that allow particular forms of knowledge construction
(Collins & Ferguson, 1993).

In recent years there has been extensive research on early learning that is organised as an interaction among peers. Some
research traditions argue that younger children find learning this way intrinsically difficult. Piaget’s theorizing suggests
cognitive change occurs within peer interaction but also that, during the early school years, children lack the necessary
psychological resources to learn and interact effectively in collaborative situations (Crook, 1998). On the other hand,
in peer interaction children express their opinions more freely than with adults and metacognitive supports are shared
(Verba, 1994). Still the way in which different opinions, definitions and interpretations are expressed and created in peer
interaction is usually very complex and dynamic in nature (Cohen, 1994; Hicks, 1995; Maybin, 1991). The development
of children’s conceptual explanations around the themes of earth, space and time has been widely investigated (e.g.
Baxter, 1995; Kangassalo, 1997; Panagiotakopoulos & loannidis, 2002; Vosniadou, 1994; Vosniadou & Brewer, 1990,
1992, 1994). Less attention has been paid to the intertextual links children make to support or refute their conceptual
claims during scientific inquiry. In peer interaction children must cope with silences, negotiate how, when and who talks
and asses the relevance and quality of their communication (Barnes & Todd, 1977, 1995). Consequently, the intertextual
links made in explanation construction, provide a fruitful platform to investigate children’s authentic practice of making
sense of the world whilst engaging in scientific inquiry. Moreover, the intertextual connections made by science learners
are found to serve as important catalysts in developing scientific understanding as well as scientific registers (Varelas
& Pappas, 2003).

In sum, investigation of social interactions within various educational environments is significant, not only because
social development is a fundamental goal, but also because these valuable interactions are essential components of
children’s cognitive growth.

3 Aims and objectives

The main goal of this research study is to illuminate the nature of children’s explanations emerging in a technology-
enriched classroom during science unit focusing around natural phenomena. Of particular interest are the social and
intertextual elements of children’s explanations both at early years and at school level. The overall goal of the study is
to investigate how the inquiry-based science unit, including its tools and activities, created the children social spaces to
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engage in the activity of explaining, and how these explanation processes develop over time when children move from
early years level to school level.

These perspectives hopefully give insight on how children build up their skills of social interaction in a learning context
based upon child-initiation, exploratory activities, social interaction and the application of multimedia technology. At
a methodological level, the aim is to develop new analysis tools to capture the situative dynamics of social interaction
in child-child interactions and social activities. This study also investigates how children’s social interaction develops
from the perspective of developmental psychology. This includes taking account of both individual, social interaction as
well as social norms perspectives on interaction. Moreover, this study provides insights into the meaningful application
of multimedia in an early years classroom.

4 Study

Data sources. The empirical data of the study was gathered in two phases. First phase of the empirical data was
collected from a Finnish early years science classroom community consisting of 22 children aged between six to seven
years old. Of the 22 children, thirteen were girls and nine were boys. The children represented a mainstream of children
in the Finnish society. To get the developmental psychology view on empirical data, the data collection was reproduced
with same children at the age of eight to nine years. The data for the research project was collected by means of video-
recordings covering pre- and post adult-child interviews and children’s self-initiated activities and interactions within
the social context of the multimedia science learning tool. Children’s exploration paths during the use of the multimedia
environment have also been recorded. Subsidiary data of the project consist of teacher interviews and parent diaries.
(Kangassalo, Kumpulainen & Vasama 2003.)

Pedagogical context. The pedagogical culture of the classroom community investigated in this study followed inquiry-
based learning modes where a specific emphasis is placed upon the shared experiences of the learning community
framed by social interaction, voluntary communication and joint meaning making (Wells, 1999). Children participate
in the inquiry as active members who explore issues and problems of their interest, reason together and share expertise.
Collective discussions often arise from children’s questions which are usually embedded within a particular theme or
problem guided by the curriculum.

Technological tool. Peer-centred learning activities during the science unit utilized a Pictorial Computer-based Simulation
program, PICCO (Kangassalo 1991/1999). The simulation program has been developed for children’s spontaneous
exploratory activity with the goal of supporting their conceptual learning whilst interacting with the environment. The
pictorial multimedia program concentrates on the natural phenomenon in earth and space level. There is also a possibility
to research nature phenomenon according to the concept of time. Picco multimedia program has been designed in
a way that a child may explore the science phenomena from familiar to unfamiliar, from everyday experiences to
more distant ones, thus, the program models the phenomena according to children’s own interests. In the program
all necessary elements are represented as pictures and familiar symbols. All the pictures and views on the screen in
changing situations have been constructed and represented so that they form peaceful and aesthetically valuable scenes,
which is important to the user. Peaceful and harmonious scenes give the user a chance to pause, seek for something, or
just look at the view very quietly. This supports a child’s attention and concentration on the exploration process of the
phenomenon, which again helps in imprinting things in their memory. The use of PICCO is based on the users’ own
activity. It is important, that children can proceed according to their own interests and ideas. In the program, there are no
paths or rules on how to explore and go forward. Children can use as much time as they like each time. All this provides
the user with possibilities to explore the phenomenon any time as long as they want and in the order as they so wish. The
program is very easy to use and there is no risk of getting lost in it. A child can explore the phenomenon either alone or
together with a partner. The program does not presuppose a reading ability. (E.g., Kangassalo, 1992, 1997).

Modes of Inquiry. The data for the study were collected by means of video-recordings covering pre- and post adult-child

interviews and children’s self initiated activities and interactions within the social context of the multimedia science
learning tool, PICCO.
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Dialogic interviews between an adult and a child. All children who participated in the study were interviewed at the
beginning and at the end of the science learning unit. The interviews aimed at illuminating children’s conceptual models
of natural phenomenon in question. The mode of interview was dialogic in nature, enriched with hands on activities,
e.g. modelling of clay into the shape of earth and sun (visualization of the phenomenon) and describing various science
phenomena through pictures.

Peer-centred activities. During the science learning unit, the children had the ability to conduct their science investigations
with the PICCO multimedia program freely according to their own interests. The explorations around the technological
tool were realised in solo activity or in child-selected dyads or small groups. This period lasted for four weeks. Figure
1 below highlights the children’s social activity and exploration around the PICCO program.

Figure 1. Peer-centred science inquiry around PICCO

4.1 Data analysis

The interviews and peer-centred activities around the social context of the technological tool were videotaped and
transcribed in full. The transcribed video data was inserted into a qualitative analysis program, Nvivo. In order to gain
an understanding of the thematic context(s) of peer interaction, it has been important to conduct a content analysis first.
The unit of analysis for the data-guided content analysis was an episode. A thematic episode was regarded as finished
when a new theme was identified to be taken into the discussion. After several readings of the transcripts, 13 themes
were identified in the interaction. Namely these were: math, writing, technical, role negotiation, personal, birds, flora,
day-night, months, seasons, map, animals and space. Figure 2 summarizes the themes identified from the data.
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Secondly, all science-related utterances expressed by the children were identified and extracted (see Figure 2, highlighted
circles with grey). Thirdly, the identified science-related explanations were investigated several times in order to establish
a typology of categories characterizing the intertextual nature of the explanations. The classification and categorization
of the intertextual nature of the children’s explanation have been influenced by earlier studies investigating students’
explanations in science classrooms. (Kumpulainen, Vasama & Kangassalo 2003, 2006.) Namely, the typology of
intertextuality is grounded upon the work of Varelas and Pappas (2003). Fourth phase of the analysis was to choose
few case examples of the children’s social intercation and investigate how the social elements of children’s explanation
processes develop over time when children move from early years level to school level. This longitudinal micro-level
analysis of the data is still undergoing.

Themes

Figure 2. Thematic analysis

5 Results

The results of the analysis of the pre-school level suggest that inquiry-based early years science instruction which values
learners’ problematisation, authority and accountability and which is enriched with relevant technological resources
is able to create rich contexts for explanation construction. (Kumpulainen, Vasama & Kangassalo 2003, 2006). In
this social context science gets constructed via diverse discursive voices and explanations (Engle & Conant, 2002).
The science learning context investigated in this study provided the children with many opportunities to share their
questions, ideas, and explanations upon which the classroom members would contingently respond to make sense of
the world (Lindfors, 1999; Wells, 1999; Windschitl & Andre, 1998). The possibilities to participate in scientific inquiry
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and share perspectives promoted the emergence of heteroglossia (Bakhtin, 1981) of diverse discursive voices towards
science.

The technological resources embedded in the children’s activity contexts as well as hands-on practices served a significant
role in the children’s explanation construction and elaboration. Here, the children were able to approach science via
the cross-examination of theory and data, a process defined by Varelas and Pappas (2003) as “theory-data dance”. The
social sharing and investigation of technological resources along with the engagement in hands-on explorations enabled
the children to go back and forth between a variability of explanations based on different types of contextual knowledge,
including everyday and scientific registers.

The children’s explanations during the science unit were found to draw on textual and material links, hands-on
explorations, i.e. activity links, as well as on recounting events. The intertextual richness of the children’s explanations
particularly in terms of making connections to their experiences, highlights the significance of this social context for
explanation elaboration. Moreover, this finding indicates that inquiry-based science learning activities are powerful
contexts to examine children’s explanations and the sociocultural contexts in which they are embedded. These intertextual
linkages functioned as tools for the children (a) to share and validate previous experiences as sources of knowledge,
(b) to establish reciprocity with each other in meaning-making, (c) to define themselves as learners of science and as
individuals with specific experiences and background (d) to construct, maintain and contest the cultural practices of
what it means to do and learn science in the classroom. (Kumpulainen, Vasama & Kangassalo 2003, 2006). Taken
together, these intertextual links and the functions they served constructed a local culture and genre of doing science
in this classroom (Lemke, 1990). In this culture the children appear to learn to understand the value and applicability
of their experiences as tools for problem-solving and thinking in science. Here, the children are likely to learn to
think with their experiences — not only to think of them (Enedy, 2003). The following extracts and accompanying
descriptions highlight the intertextual richness of the children’s explanations constructed during the science-learning
unit in preschool level. The extracts are derived from adult-child dialogic interviews and peer-centred activities around
the multimedia tool, PICCO.

Textual and material links in the children's explanations

The analysis of intertextuality in the children’s science-related explanations reveals that the children often made reference
to textual and material links whilst supporting and/or refuting their conceptual claims during their investigations. Whilst
juxtapositioning written texts in their explanations the children made reference to institutional texts, such as school
books, children’s story books, non-fiction books or personal texts, e.g. diaries and letters. The linking of oral texts in
the children’s explanation generation drew on verbally-mediated activities during which the children made reference to
stories which they had, for example, shared with grandparents. In addition, they recalled prior discourses constructed
in peer-groups. Other media links also served an important role in the children’s explanations. Here, the children
made reference to TV and radio shows they had experienced. Also the multimedia science learning tool, PICCO, was
integrated by the children into their explanation construction in order to demonstrate, argue and warrant their science-
related claims.

Table 1 shown below illuminates the intertextual features of the children’s explanations, namely the making of reference
to an institutional text, i.e. Winnie the Pooh, as well as to PICCO, multimedia tool. As the examples demonstrate, these
intertextual linkages functioned as tools for the children to construct reciprocity in meaning-making with their working
partners.
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Table 1 Textual and material links

science learning tool

Textual and material links Examples
Written texts
a) Institutional texts Annarauna: In Winnie the Pooh book, he thought that the earth is
b) Personal texts falling down
Teacher: They have invented such things

—_— y 2!
Oral texts X Annarauna: The earth falling down!
a) Cultural heritage Teacher: Well, okay.
b) Prior discourses
Other me.dia R Sini: The moon does not shine its own light; it shines the sun’s light.
a) Tv/radio shows a?ld m.ovles Cause, PICCO tells similar things than in the space book
b) PICCO, the multimedia

—_— Teacher: Well yes

Activity links in the children’s explanations

The intertextual analysis of the children’s explanations demonstrates that hands-on practices served a significant role
in the children’s explanation construction and elaboration. From a broader perspective, it appears that the linking of
hands-on explorations into explanation generation facilitated the children to construct an understanding what it means
to do and learn science during inquiry-based activities.

The activity links identified in the children’s explanations made mostly reference to hands-on explorations in the
immediate context of their activity. Also previous experiences related to hands-on investigations in the context of the
classroom or in other settings played a role in the children’s explanation generation. Table 2 shows an example of peer-
centred inquiry with the multimedia science learning tool, PICCO. Here, the children make reference to on the spot

explorations whilst investigating and explaining the rotation of the earth.

Table 2 Activity links

Activity links Examples
Hands on explorations
Anna: I'want to see this!
Z; ?“t:]he ipot Saara: This is not real
n the classroom . (2
> Anna: You mean this?
c) In other contexts Saara: No
Anna: Yes
Saara: It has been created with a computer but it looks real
Anna: That is real
Saara: Yeah but the earth does not rotate so quickly. It rotates like this.
You cannot even see it (demonstrates)
Anna: It rotates like this
Saara: No, like this. Look in a month there is a rotation like this, and a second,

and a third one. Okay.
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Recounting events in the children's explanations

The analysis of intertextuality shows that the science learning context in which the children worked provided them
with opportunities to make reference to events they had encountered earlier. These drew either upon specific and/or
generalized events. When making reference to specific events in their explanations, the children recounted on events
in which they had personally been involved (i.e. personal specific events) or they made links to specific events that
their peers or family members had experienced (i.e. personally-related others). At times, the children also referred to
impersonal specific events in their explanations, such as making reference to a specific earthquake that had taken place.
In addition to specific events, the children constructed their explanations by making reference to generalized events
which occur more regularly either in their own life or in the world in general.

In sum, recounting events made it possible for the children to share and validate previous experiences as sources of
knowledge. When making recounts in their explanations, the children made their experiences visible and allowed
them to become an object of discussion and reflection. In this social context, the children showed evidence of having
epistemic authority and accountability in meaning-making. These activities are powerful in helping the children to
define themselves as learners of science and as individuals with specific experiences and background (Engle & Contant,
2002).

Table 3 summarizes the intertextual linkages the children were identified to make in their explanations in terms of
recounting events. The accompanying examples highlight the children’s making of reference to specific and generalized

events when explaining.

Table 3 Recounting events

Recounting events Examples
Specific events
. PICCO: Waxwing.

a) Personal specific events Henna: I have seen it
b) Personally-related others » Saara: Me too several times

involved in specific events o Henna: Once with my father
¢) Impersonal specific events
Generalized events Bobby: Yes, my birthday is then when it is the 29th
a) Personal generalized events Saara: My birthday is during the summer
b) Personally-related others > Paula: Mine is when it is 25th

involved in generalized events Saara: Is yours in March?
¢) Implicit generalized events

6 Conclusions

Educational tasks in Finland have been lately under reconstruction aiming at developing the educational system
continuously and to increase the possibilities for life long learning. Moving towards a more learner-sensitive,
communicative and meaningful direction in learning and instruction requires new attitudes and expertise from all
people involved the educational processes. The ultimate goal of learning is to establish authentic learning communities
in which the inquiry is based on equal participation in social interaction among the members of the community.

It seems that peer-centred inquiry is a powerful context to investigate children’s collaboration and social construction of

meaning. Dialogically oriented classroom activities embedded in inquiry-based learning modes with modern technology
provide the children with many opportunities to share their questions, ideas, and explanations upon which the classroom

85



members would contingently respond to make sense of the world (Lindfors, 1999; Wells, 1999). This is likely to have
implications upon instructional practice as well.

In sum, the importance of investigating the social interaction and collaboration among early years science learners is
reflected in the fact that in today’s society social skills and collaboration are a crucial mean for everyone to cope with the
authentic and complicated problems of everyday life. Consequently, the investigation of the structures of collaboration
and social construction of meaning from the perspectives of the developmental and educational psychology is important,
as the pedagogical practises learned at an early age seem to be carried on in later life as well. By investigating the
language and social interaction from the perspectives of the developmental and discursive psychology, it is hoped that
this study unravels important features of how children build up their skills of social interaction in a learning context
based upon child-initiation, exploratory activities, social interaction and the application of multimedia technology.
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Information based society requires changes in the culture of teaching. Student-centred teaching methods
have been adopted, student-teacher relationship has changed. In order to investigate how teachers see their
role and whether they are prepared to introduce information and communication technology (ICT) into the
instructional process, a study was conducted in eleven Estonian schools. A questionnaire was filled out by 300
teachers, 44 of whom were chosen to be interviewed.

According to the results, teachers can be divided into four types.

1. Teachers who do not use ICT media are content with their traditional roles as distributors of
knowledge. They tend to be set in their ways and their attitudes take longer to change.

2. Teachers who use computers as their personal tools might be motivated to start using ICT in
teaching by outside pressure.

3. Teachers who seldom use computers in the classroom are in need of knowledge of learning
software and relevant teaching methods.

4. Teachers who actively use computers in teaching would be good role models to those who are
not capable or lack the courage to use computers in their lessons.

These four types of teachers differ in their perceptions of teacher’s role, their approach to teaching and their
usage of computers. The study also revealed that teachers’ perceptions of their role, their concepts of teaching
and learning, and actual usage of ICT in instructional process are interrelated.

Keywords: instructional process, usage of ICT, concept of teaching and learning, teacher’s role

1 Introduction

Introduction of information and communication technology (ICT) into the teaching of different disciplines requires
changes in the perception of learning and in the culture of teaching. As stated by Lehtinen (2003), ICT plays a significant
role in the development of theoretical approaches to the teaching process. Different technological possibilities, new
concepts of the instructional process and the roles of the teachers and students are shaking teachers’ existing beliefs and
understandings of teaching. Tella (1997) admits that a new approach means greater teamwork and cooperation within
a group, shared responsibilities and expanding the learning environment beyond the classroom. The fact that both the
teacher and the student can work in an electronic learning environment, will change the traditional teacher-centred
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teaching (Learning to Change..., 2001; Tsitouridou & Vryzas, 2003). Therefore, the adoption of ICT modernizes the
instructional process (Becker & Ravitz, 1999; Siljo, 2003) — teacher-student relations change and different learning
methods are introduced. To promote the integration of ICT into the teaching of special subjects, teachers’ perceptions of
their tasks and their attitudes toward teaching should change (Wang, 2002). Activities designed to transfer knowledge
from the teacher to the student are replaced with those supporting active creation of knowledge by the student. This
makes traditional teaching more and more complicated and brings changes to the teacher’s role. Consequently, the
adoption of ICT in instruction requires changes in the instructional process and a new approach to teaching.

Teachers’ primary tasks while using ICT are to teach students to learn and help them organize information (Lehtinen,
2003), providing them with individual support, at the same time taking into account their differences, learning styles,
previous knowledge and interests. The individualization of teaching means that the teacher does not have a monopoly
of presenting knowledge, taking on a broadened role of mediating the learning of individual students. The teacher
designs, organizes and re-adapts activities to help students apprehend the structure of the subject, integrate parts, act,
use feedback and reflect on their learning experiences (Lim & Barnes, 2002).

The findings of several studies (Atjonen, 2003; Becker & Ravitz, 1999; Hativa, 1998) show that according to teachers
there is a huge difference between traditional and computer-based learning and teaching: in the latter case it is the
teacher’s task to help students organize their activities and integrate the acquired material into a whole. ICT is considered
a pedagogical means, the effective use of which supports student-centred learning. However, Toots, Plakk and Idnurm
(2004) admit that the spread of information technology does not automatically bring pedagogically successful solutions.
Quite frequently teachers do not consider using computers in their teaching essential, or use computers in ways
favourable to their own interests, reflecting the individual teacher’s perception of teaching (Wang & Reeves, 2003). As
Atjonen (2003) notes, the choice of the teaching materials, teaching aids or methods depends on the environment and
the particular user.

Student-centred teaching requires teachers’ readiness for continuous self-improvement and learning together with their
students. In addition, they should master behavioural strategies, being able to shift from merely presenting knowledge
to teaching students to think and learn. In order to achieve such a qualitative change in school, teachers should become
advisers, mentors and guides apart from being distributors of knowledge (Atjonen, 2003; Barajas, Kikis, & Scheuermann,
2003; Eesti Edu 2014, 2004).

To investigate teachers’ role perceptions and how Estonian teachers see their possibilities of updating the instructional
process and integration of ICT into the teaching of different subjects, a research was carried out in schools of Estonia.

2 Aims and objectives

The study tried to find out how teachers use computers in teaching, how they view the modernisation of the instructional
process and acquisition of knowledge and skills by integrating ICT into subject teaching, and what their perceptions of
their role in a classroom equipped with computers are. The aims of the research were to find out:

* Teachers’ perceptions of a professional teacher’s role (e.g., teachers’ attitudes toward improvements, usage
of student-centred methods, etc.);

* How teachers perceive ICT contribution to teaching and learning;

* How ICT is used in the subject teaching.
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3 Methods

3.1 Sample and procedure

The sample of maximum different case, founded on the basis of the results of the research Tiger under Magnifying Glass
(Toots, 2001), was used for the study. The size of the school (basic or secondary school), location (urban or rural school)
and types of school (e.g., coeducational day school, Step by Step) were taken into account, when selecting schools.
11 schools were selected where a total of 300 teachers (123 primary and 177 secondary school teachers) completed a
25-item questionnaire. Then, based on the responses, teachers with entirely different backgrounds and subject areas,
possibilities, experiences and frequency of using computers were selected (e.g., does not use computers and does not
want to use them; does not use computers but would like to use them; frequently uses computers). The final sample
comprises 44 teachers: 22 primary school teachers and 22 teachers of humanities (e.g., history, social studies, natural
science, literature and languages).

41 female and 3 male teachers between the ages of 26 and 62 with the teaching experience of 2 to 35 years were
interviewed. The schools where they work vary widely in the state of being furnished with computers.

3.2 Measures

Semi-structured interviews consisted of 14 main questions. The questions included demographic data, teachers’
perceptions of a professional teacher (e.g., what kind of knowledge and skills a qualified teacher should possess;
what kind of training is needed to promote teacher professionalism); and their vision of the teacher’s role (e.g., roles
performed by them in the instructional process; the advantage and disadvantages of applying ICT with regard to the
teacher’s role). Some questions were aimed to find out the teachers’ ICT-related competences, the reasons and intensity
of using/not using computers, their major problems and need for schooling, motivation and attitudes toward integration
of ICT into the teaching of subjects.

The interviews were recorded on a digital Dictaphone. An observation sheet was used to record the interviewer’s
observations and notes. For analysis the interviews were transcribed by a method called note expansion (Mahoney,
1997). The data were coded and grouped into categories so that all the essential points of the interviews were included
in the notes in accordance with the research aims.

4 Results and discussion

According to analysis of interviews four types of teachers with different behaviour and attitudes as well as different
perceptions of using ICT in teaching can be distinguished.

1. Teachers who do not use and have never used computers (8 female teachers).
2. Those who only use computers as their personal tools for preparing lessons (16 female
and 2 male teachers).
. Teachers who seldom use computers in the classroom (10 female teachers).
4. Teachers who actively use computers as innovative tools in the instructional process (7 female
and 1 male teachers).

(98]

These four types of teachers differ in their methodology of using computers (e.g., ICT-based, student-centred or teacher-
centred methods), needs for schooling and their perceptions of a teacher’s role. Each type was represented by teachers
of different ages with different lengths of teaching experience.
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1. Teachers who do not use ICT means consider delivery of knowledge from the teacher to the student essential and do
not regard ICT as a student-centred approach. They are of the opinion that a professional teacher knows well the subject
taught by them and is a good communicator. They are convinced of the advantages of traditional methods, having an
inner fear to lose control over the teaching process. They value discipline and try to maintain order in the classroom.
They are happy with their present role — a teacher is a distributor of knowledge — and are convinced that teachers who
know much can make their students smart.

#6: A good and professionally skilled teacher knows his subject well, is intelligent and demanding.

#4: I teach, give guidance, check. I tell them what exactly they are expected to do. This is what the teachers
role used to be and still is. (This opinion is also shared by teachers 14, 35 and 43).

In order to maintain their position in the classroom, and to be liked by their students at the same time, they compile
work instructions and are in charge of their students’ activities. According to Wang (2002) such teachers still believe
that teaching is the didactics of forwarding knowledge and learning is a passive activity.

These teachers overlook the importance of computer literacy. They consider both internal and external factors as serious
obstacles to integration of ICT into subject teaching: limited computer resources, locked computer labs, the scarcity of
good software or the teacher lacks the skills to use it, no courses in computer studies offered. Because of inadequate
experience, integration of ICT into subject teaching is a time- and energy-consuming undertaking. They claim that
using computers involves much danger: children do not learn to read and grow away from books. Computers are
alleged to be harmful to their health and may cause social separation.

# 10: I wonder, what sort of people the chat room and messenger users will turn out to be.
How will they develop their face-to-face communication skills?

Teachers feel responsible for their students’ academic progress, and according to some of them a lesson should be spent
on more important things than just playing with computers (teacher 4, 10 and 33).

The teachers of this type are of the opinion that the improvement of technical possibilities would motivate teachers
to use computers in teaching. According to Christensen (1998) the role of ICT in the school curriculum will increase
positively when teachers can practice using computers in their daily work. Unfortunately, these teachers believe that
they are not in need of schooling, for they consider their professional development and teaching experience sufficient.

Teachers’ beliefs and attitudes toward ICT-assisted learning are hard to change. As long as teachers are convinced that
the teaching methods chosen by them are effective and guarantee results, it is complicated to persuade them to use more
modern ones. Experimenting with something new means extra work (Guskey, 2002; Learning to Change..., 2001).
High risk to fail is a threat to their devotion to teaching.

As they tend to be set in their ways, their attitudes take longer to change. But social pressure, such as curriculum
requirements to use ICT in subject teaching, support of the administration, the interests, needs and initiative of children
and their parents can contribute to changes.

2. According to teachers who value computers as their personal tools, qualified teachers have good subject knowledge
and are good at transmitting knowledge to their students. These teachers appreciate the necessity of computer literacy
and the knowledge of learning software. They consider communication skills and pedagogical ability, as well as
competence in ICT essential for a teacher.

#8: It is my task to teach, to pass on knowledge. Whichever methods I choose is up to me.
(Opinion shared by teacher 16).
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In their opinion, the teacher’s task is to coordinate and facilitate the learning process, to develop students and to provide
them feedback.

Teachers of this type use ICT as a means of collecting information to make their lessons more interesting and substantial.
They value the computer as a typewriter helping them to prepare their lessons. They use office software (e.g., Word,
Excel) to make worksheets and tests. Worksheets are interesting to students, and teachers do not need to spend any extra
time and effort on individualization of teaching.

#39: I use the Internet to search for additional materials. It is possible to solve a problem in different ways.
1t is my task to check how a student solves it, or how much he can do.

The teachers consider the integration of ICT into the lessons necessary mainly because it is one of the requirements of
the Estonian National Curriculum (PShikooli ja giimnaasiumi..., 2005), but they do not use computers in the classroom.
They believe that introducing a computer-based innovation occupies much time. Guskey (2002) finds that teachers
initiate up new activities if they can effectively link them with former activities practised in class. They will not either
give up activities they find necessary or replace them with new ones. If the teacher is not convinced the new activity is
necessary, he will not use it.

#7: ...[as to innovations], first you need to get acquainted to them. This is an additional task.
But once you haven got used to them, they will facilitate your work /.../ and make it easier. (Also teacher 15).

Citing these teachers (e.g., teachers 5, 8, 19, 32 and 39), the improvement of technical conditions and abundance of
modern computers would motivate teachers to use ICT in their teaching. If teachers had better skills or knowledge of the
software, they would use computers together with their students in the classroom. They are in need of comprehensive
training (computer skills and introductions of software) accompanied by technical and methodological support. By
offering training in advanced ICT methods, it is possible to change the beliefs and attitudes of these teachers about
student-centred teaching. Positive experiences, assistance from the ICT teacher and the head teacher’s support are
essential.

Hence, the adoption of ICT in teaching has contributed to making work easier and more productive for teachers of this
type. But as they are not convinced that using computers can really make a difference in teaching and learning, they do
not use computers together with their students.

3. Teachers who seldom use computers with their students consider good subject knowledge, mastery of different
teaching methods as well as creativity as crucial qualities of a qualified teacher. But they fail to understand that delivering
computer-assisted lessons is one of the student-centred teaching methods. These teachers have the basic computer skills
and although in general they recognize the necessity and value of computers for education, they rarely use computers in
their own lessons. For them the computer is a means of facilitating the teacher’s work: they can use it to introduce the
new material or to consolidate knowledge. These teachers prepare electronic learning materials (e.g., websites), but do
not have their students use them in the lessons.

The teachers of this type lack the confidence to use computers in the classroom, as they do not know how exactly to use
them within their own subject areas of teaching. They are neither familiar with computer-based methods nor prepared
to give their students ICT competences through the teaching of particular subjects. In their opinion, using computers
in subject lessons should not be obligatory. It is up to teachers to decide whether or when to use them. As Christensen
(1998) mentioned, the main reason why teachers do not use computers together with their students is the lack of relevant
knowledge and experiences in the field of ICT, which makes them unconfident and alienated from computers. Citing
these teachers, they principally see external factors as major obstacles to their using of computers in teaching.

#16: It not possible to equip all students with computers, that'’s why it is complicated to organise
the teaching. But a special timetable for the computer classroom could help.

97



In fact, the scarcity of computers in schools is not an objective reason for not delivering lessons in the computer
lab. The student-centred usage of computers requires the knowledge of different teaching methods and designing the
curriculum and development of assessment methods. According to the teachers of his type the use of ICT in subject
teaching means first and foremost the need for knowledge of the operations a computer can perform, not the knowledge
of computer-assisted learning. These teachers are not convinced that adoption of computers in subject teaching would
substantially change the teaching and learning or improve the quality of lessons and student achievement. However,
Guskey (2002) admits that there are teachers who apply new activities but fail to notice any change in their students’
academic performance, and there are also teachers who participate in training but fail to use in the classroom what they
have learnt. These teachers are in need of schooling and they need to be taught about software.

Although the computer plays an important role in these teachers’ everyday work, they do not think that their role in
computer-assisted instruction differs much from their role at a traditional lesson. It is a teacher’s duty to teach and coach
students, to support and motivate them.

We cannot speak of any changes in teachers’ roles, if they use ICT for only a single activity in the computer classroom
without any follow-up activities, either daily or weekly. As pointed out by Lim and Barnes (2002), we can speak of a
professional development of the teachers’ ICT usage if opportunities are created for the teachers to learn and refresh
their knowledge and if they are willing to use these opportunities, and use ICT in teaching to a significant extent.
Offering them computer courses and software introductions to help them successfully integrate ICT into the curriculum
should support these teachers.

4. The teachers who can be classified as active users of computers in teaching hold the opinion that a teacher’s knowledge
of ICT and mastery of modern teaching methods are crucial for professional teaching. These are innovative teachers
who keep themselves updated. They consider computer-based instruction interesting for the students, motivating them
to learn better and enhancing instruction. Teaching with computers is more resultant than traditional teaching and
causes change in student and teacher roles.

These teachers have good technical skills and they use the computer for personal purposes and also for teaching
in the computer-equipped classroom. ICT helps vary the lessons — teachers can choose whether to use PowerPoint
presentations, or do either individual or group work, or have students play language games. Thus, it is possible to
develop different partial skills and develop children’s creativity, sense of imagination, thinking and social skills. Several
of them underlined that in computer-assisted instruction it is easier to individualize the learning process and take the
students’ abilities and needs into consideration.

# 21: Changes in society as well as changes in student values and attitudes require changes in teachers’
professional development. /... / A teacher can't focus on only subject matter knowledge, as students

want to know more and more. New possibilities have given us more options and also taught us to take into
account students’ specific individual characteristics.

#15: They [children] are more attentive and keen on learning. The student who is eager to learn has better
achievement.

Computer-based teaching is a modern method, which motivates children to learn and helps create a working atmosphere
in the classroom.

We agree with Barajas, Kikis and Scheuermann (2003) and Wang (2002) who point out that introduction of computers
into the teaching processes helps make the learning environment more autonomous for the student and facilitate
collaboration with the teacher as a partner and guide. These teachers see the computer as a useful device helping to
achieve teaching goals, acquire new knowledge and “to lure students into learning”. Teachers believe that while using
ICT in the classroom their major task is to supervise and direct students. The teacher creates conditions for individual
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or group work and supports each group and each of its members with appropriate methods. Thus, teaching turns into an
activity where the teacher has a leading role but in which he is not the only participant.

# 11: Supervise. No need to teach subject-specific content. Everybody can do that...but there a lot of children
in need of individual supervision. (Also shared by teacher 28).

#42: It isn't the teaching that matters, but showing the way towards quality education. It'’s important to
teach how to learn.

Teachers who actively use computers in teaching perceive changes in their role (e.g., partner, individualizer, motivator,
and supporter) and the need to turn teaching into an active student-centred activity. The teacher’s role includes that of
a partner, individualizer, developer, motivator and supporter. These teachers consider themselves computer literate and
do not need any motivation.

Teachers of this type should be involved in computer training. Teachers’ workshops might demonstrate the possibilities
of computer-based instruction and application of student-centred teaching methods to computer-assisted teaching. They
could be mentors or guides, sharing their experiences and skills.

5 Conclusions

Although distribution of knowledge to students, their counselling and increasing student achievement have been
teachers’ main tasks, different teachers may use different activities and approaches for completion of the same task.

The study findings showed that in case of the first and second types of teachers (do not use computer; use the computer
as their personal tools), the teachers’ concept of teaching and learning and their traditional roles have not changed: the
teacher is mainly the distributor of knowledge and assessor, but the student is the recipient of knowledge (Figure 1).

Perception
of the 1sttype of 2nd type of 3rd type of 4th type of
e teachers teachers teachers teachers
1 o .. .
rotes Distributor Distributor of Distributor of Individuali
of knowledge knowledge zer
knowledge Assessor Coach Partner
Assessor Coordinator Instructor Guide
5 3 F 3 F 3
Usage of ICT ¥ With students in
¥ In lessons for instructional
¥ As personal personal X
Not using tnﬂ' /
\\ /
Concept l_Jf teaching Traditional Student-centred
and learning process teacher-centred learning
tearhing
Figure 1.

The relationship between concepts of teaching and learning, usage of ICT, and teachers’ role perceptions.
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Teachers of these types have not abandoned either traditional teaching methods or the belief that qualified teachers have
good knowledge of the subjects taught by them. They are convinced that traditional teaching methods support their
students’ development and help receive the best results. Teachers of the first type use neither new opportunities nor
new teaching media. Teachers of the second type use ICT means, but with a view to strengthen their existing positions.
They consider their own goals and do not take into consideration their students’ changed interests in ICT. These teachers
would need schooling, technical and methodological support.

Teachers of the third type are of the opinion that modernization of the instructional process can motivate and support
students. Nevertheless, they use ICT tools in a way which supports teacher-centred teaching, the major reasons being the
lack of the knowledge of learning software and ICT-based student-centred methods. They are in need of consolidating
their computer-related knowledge.

We are faced with a conflict: although a number of teachers recognize the usefulness and necessity of using computers
in teaching, they are not ready to use them. There is a relation between teachers’ acceptance and usage of technology
and their conceptions of the instructional process. Teachers do not realise that application of the many possibilities of
ICT requires different approaches to teaching and learning. The main roles that teachers have to perform are the roles of
distributor of knowledge, coach, and instructor, but they do not perceive that using computers may cause great changes
in their conventional teaching. Changes in teachers’ perceptions of their roles have elicited an increase in their usage of
ICT. Teachers’ inner readiness is required, well as outside support.

The fourth type of teachers should be involved in computer training. They could be mentors or guides sharing their
experiences and skills. Their main roles in the instructional process include those of individualizer, motivator guide and
supporter. They prefer teaching with computers, because ICT-assisted teaching helps them to perform these roles. They
would be good role models for the teachers who are not capable or lack the courage to use computers in their lessons.

Consequently, teachers’ perceptions of their roles, their conceptions of teaching and learning and their computer-assisted
instruction are interrelated. Using or not using computers in the classroom with students is also affected by teaching
styles, i.e. if a teacher is willing to abandon the traditional teacher-centred teaching and the role of a distributor of
knowledge, he or she will introduce ICT tools into the teaching process. Although there is a commutative connection
between the usage of ICT tools and the changes in the conception of the teaching process, they have an impact on the
teacher’s role (see Figure 1). All things considered, we believe that it is not enough to train teachers to use ICT media.
It would be more important to change their philosophy of teaching.

Acknowledgements
This paper was supported by Project 0101-0267 ESF measure 1.1 The Improvement of the Quality of Doctoral Studies in the Field of Education. We
would like to thank Professor Eve Kikas for her valuable comments during the preparation of the manuscript.

References

Atjonen, P. (2003). ICT as a Tool for Pedagogical Development in Sparsely Populated Areas. Retrieved 15th January,
2006, from http://www.kainuunkymppi.net/tutkimus/tutkimus index.html

Barajas, M., Kikis, K., & Scheuermann, F. (2003). Monitoring and Evaluation of Research of Learning Innovations
with ICT: Qualitative Indicators of Change. In M. Barajas (Ed.), Learning Innovations with ICT: Socio-economic

Perspectives in Europe. Publicacions de la Universitat de Barcelona.

Becker, H. J., & Ravitz, J. (1999). The Influence of Computer and Internet Use on Teachers’ Pedagogical Practices and
Perceptions. Journal of Research on Computing in Education, 31, 356-384.

100



Christensen, R. (1998). Effect of technology integration education on the attitudes of teacher and their students.
Doctoral dissertation, University of North Texas, Denton. Retrieved 20th October, 2005, from
http://www.tcet.unt.edu/research/dissert/rhondac/

Eesti Edu 2014. (2004). [Successful Estonia 2014; in Estonian]. Vabariigi Valitsuse strateegiadokument, 10.11.2004.
Retrieved September 28, 2006, from http://www.riigikantselei.ee/?1d=4270

Guskey, T. R. (2002). Professional Development and Teacher Change. Teachers and Teaching: Theory and Practice,
Vol. 8(3/4), pp. 381-391.

Hativa, N. (1998). Technology and the Classroom Teacher. In T. Husén, T. N. Postlethwaite, B. R. Clark, & G. Neave
(Eds.), Education: The Complete Encyclopedia. Pergamon, an Imprit of Elsevier Science (CD-ROM).

Learning to Change: ICT in Schools (Training for Tomorrow). (2001). Paris: OECD Publishing.

Lehtinen, E. (2003). Computer-supported Collaborative Learning: An Approach to Powerful Learning Environments.
In De Corte, E., Verschaffel, L., Entwistle, N., Van Merriéboer, J. (Eds) Unravelling Basic Components and Dimensions
of Powerful Learning Enviroments. Elsevier.

Lim, C. P, & Barnes, S. (2002). “Those Who Can, Teach”— The Pivotal Role of the Teacher in the Information and
Communication Technologies (ICT) Learning Environment. Journal of Educational Media, Vol. 27(1-2), pp. 19-40.

Mahoney, C. (1997). Common Qualitative Methods. In J. Frechtling & L. Sharp (Eds.), User-Friendly Handbook for
Mixed Method Evaluations (Chapter 3, pp. 8-9). Arlington, VA: National Science Foundation.

Pdhikooli ja giimnaasiumi riiklik éppekava: iildosa. (2005). [The National Curriculum of Basic and Gymnasium
Education of Estonia: General Part]. Projekt, 20.09.2005. Tartu Ulikooli dppekava arenduskeskus. Retrieved 24th
August, 2006, from http://www.ut.ee/curriculum/yldpohimotted/yldosa

Siljo, R. (2003). Oppimine tegelikkuses: sotsiokultuuriline kiisitlus [Learning in Practice — a Sociocultural Perspective;
in Estonian]. Voru: AS Voru Téht.

Tella, S. (1997). Verkostuva viestinti- ja tiedonhallintaymparistd opiskelun tukena [A Network-based Environment
for Communication and Control of Information as a Support for Learning; in Finnish]. In E. Lehtinen (Ed.),
Verkkopedagogiikka. (pp. 41-59). Helsinki: Edita.

Toots, A. (2001). Tiger under Magnifying Glass. Study on Information and Communication Technology in Estonian
Schools in 2000. Retrieved 10th May, 2006, from
http://www.tiigrihype.ee/eng/publikatsioonid/tiigerluup _eng/tiigerluup eng.html

Toots, A., Plakk, M., & Idnurm, T. (2004). Infotehnoloogia eesti koolides — trendid ja viljakutsed. Uuringu Tiiger
luubis (2000-2004) Ioppraport. Retrieved 20th December, 2005, from
http://www.tiigrihype.ee/publikatsioonid/tiiger luubis 2004/TL2004.pdf

Tsitouridou, M., & Vryzas, K. (2003). Early Childhood Teachers’ Attitudes towards Computer and Information
Technology: The Case of Greece. Information Technology in Childhood Education Annual, Vol. 15, pp. 187-207.

Wang, F., & Reeves, T. C. (2003). Why Do Teachers Need to Use Technology in Their Classrooms? Issues, Problems,
and Solutions. Computers in the Schools, 20, 49-65

Wang, Y-M. (2002). When Technology Meets Beliefs: Preservice Teachers” Perception of the Teachers” Role in the
Classroom with Computers. Journal of Research on Technology in Education, Vol. 35(1), pp. 150-161.

101






Suitability of Web-Based Learning for Different Learners

Piret Luik
Piret. Luik@ut.ee

University of Tartu

Department of General Education
Ulikooli 18 Tartu 50090 Estonia

Tel: + 372 737 6162, Fax: + 372 737 6190

Web-based learning is seen as an opportunity to take part in studies to graduate or improve oneself in any
university in the world. Teachers have to educate themselves continuously. As on-line learning is more time-
flexible and place-flexible, it could be an effective method for that. But is this kind of learning suitable for
all teachers? A study, which investigated the factors related to the suitability of web-based learning and the
perception of studies in a web-based learning environment, was carried out in Estonia. The data were gath-
ered using the essays, which were analyzed by using qualitative content analysis method. Also, the statistical
data about the participation provided by WebCT were used. These data were analyzed with the help of clus-
ter analysis. Results indicated that factors related to suitability of web-based learning could be divided into
three major categories: skills of computer using, personal characteristics of a learner and the participation in
the learning process. All these related factors are developmental. Therefore web-based student’s preparation
should start already in comprehensive schools.

Keywords: web-based learning, teachers’ education, characteristics of learners, learners’ perceptions

1 Introduction

Internet is a powerful communication tool in education (Downing, 2001; Jain & Getis, 2003). On-line learning is
considered as to be an effective method of instruction (Downing & Chim, 2004). Web-based learning in the University
of Tartu began in 1998 and year-by-year the percentage of on-line learning has successively enlarged (Hansmann, 2003).
Is the web-based learning suitable for all students? Do all the students benefit equally from this form of learning?

2 Aims and objectives

The aim of this study was to ascertain which factors are connected to the suitability of web-based learning in Estonia
and how in-service teachers perceive studies in this form.

3 Literature review

Internet is considered as an important communication tool in education (Downing, 2001; Jain & Getis, 2003) and on-
line learning is considered to be an effective method of carrying through studies (Downing & Chim, 2004). The usage
of Internet and its studying environment in higher education has been successively increased (Hoskins & van Hooff,
2005).

The following is considered to be the advantages of web-based learning (Hoskins & van Hooff, 2005):
* Bigger opportunities to give feedback to students
* Bigger support to students
» More flexible learning
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 Engaging larger number of students

* Motivating different students

* Cheapness

» Students have bigger anonymity

* Practicing general skills (self-regulation, co-operation, searching for information etc)
* An opportunity to expand and understand obtained experiences better

* Developing computer skills

Terms web-based learning and on-line learning are mostly used as synonyms. Web-based learning can be defined as
learning, which is imparted to the student completely, or partly by the Internet or Intranet (Trombley & Lee, 2002).
Therefore, web-based learning is only one form of e-learning and one form of distance education. Alessi and Trollip
(2001) differentiate two forms of web-based learning:

1) On-site learning, where students learn web resources, using them in a class,
2) Distance learning, which is organized as the cognition process of the studies, which does not
require the students to be physically presence.

Web-based learning is often combined with traditional (face-to-face) learning (Fung & Carr, 2000). Kerres and De Witt
(2003) define this kind of learning as a blended learning.

In case of web-based learning it can be both synchronous communication and asynchronous communication. Blended
learning definitely contains both kinds of communication. In case of synchronous communication partners of
communication take part in the communication at the same time (call, traditional studies, online chat rooms, Messengers
etc.). Asynchronous communication does not expect that communication partners can communicate at the same time
(e-mail, mail, forums lists etc.). Kerres and de Witt (2003) declare that synchronous communication is more suitable
to reach a shared understanding (convergence); at the same time asynchronous ones are better for the exchange of
information (conveyance).

In order to carry through web-based learning people use different internet-based learning environments (called also a
virtual learning environment), which enable access to studying materials and communication with co-students and with
the lecturer (for example WebCT), and both video technique and audio technique (videoconferences, video lectures) to
the students. This kind of environments support teaching, studying and learning (Lehtonen et al., 2005).

Vuorela and Nummenmaa (2004) declare that besides studying environment web-based learning also contains technical
(interaction between student and technique) and social (interaction between student and lecturer and co-students)
environment. Also, Lee and Tsai (2005) bring out three components of web-based learning: the person (learner), machine/
system and activity; and two connections: person-machine (dimension of Internet-based learning environments, which
mainly deal with the interaction between a person (learner) and the system or content provided by the machine) and
person-action (interior dimension of Internet-based learning environments, which focuses on how the person is engaged
in the activity).

Whereas web-based learning contains several aspects, then besides studying skills are also important student’s technical
(computer) skills, computer self-efficacy, self-regulation skills and communication skills (Lee and Tsai, 2005). Passey
(2000) declares that the biggest challenge in web-based learning is teaching lifelong learning skills and independence,
which students often do not have. Hoskins and van Hooff (2005) bring out that in the case of web-based learning
students have a chance to practice general skills, such as self-managing, and gain computer skills. It is also discovered
that people, who have better computer skills, specially those, who have experiences with the usage of Internet before
the course, manage easier in web-based environments and are more active there (Lee and Tsai, 2005).

Interaction between lecturer and co-students in computer-based environment is confusing for several people, because
they get lost in asynchronous environment and cannot understand, who is talking to whom and about what. Big amount
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of messages confuses them; that is why such people often stay observers (Tu & Mclsaac, 2002). Tu and Mclsaac (2002)
declare that interaction in web-based learning is influenced by students’ interaction and of the consciousness of the
perception of other persons. The presence of co-students in web-based learning is not so distinguishable as in traditional
face-to-face learning (Vuorela & Nummenmaa, 2004).

Every student interprets studying situation differently according to his/her own individual experiences and acts in web-
based learning according to his/her own expectations and interpretations (Jarvela, Lehtinen & Salonen, 2000). That is
why it is important to study not only collaborative work, but also individual students in web-based learning (Vuorela
& Nummenmaa, 2004). As about students’ characteristics, student’s their gender influences students’ participation in
web-based learning. In web-based learning male students communicate more with the lecturer and co-students (Hoskins
& van Hooff, 2005). Researches about age are contradictious. Hoskins and van Hooff (2005) have found that older
students take part more actively in web-based learning, Morrell and his colleagues (2000) have found that they take less
part than younger students. Students, who take part in web-based communication, are academically more capable and
have higher achievement score (Hoskins & van Hooff, 2005).

4 Methods

33 students on master level (all in-service teachers) took part in web-based course named ‘Methodology of computer
assisted instruction’ in WebCT environment, which also included 10 hours of studies in auditorium (6 hours in the
beginning of the course and 4 hours at the end) in spring 2006. 28 students (85%) reached the preliminary examination.
Information for this research was collected by the essays, where some directing questions were given. In the beginning
of the course students wrote about their experiences and contacts with computers and at the end of the course about
how this kind of learning suited to them. 26 students wrote both essays. Essays were analyzed using qualitative content
analysis. Besides were used student’s statistical materials from WebCT resources. Students were grouped by hierarchical
cluster analysis on the basis of these data.

5 Results

The results of essays that were written after the course demonstrated that web-based learning did not suit at all to 4
students (1 man and 3 women). In some aspects this kind of study suited and in some aspects did not suit to 10 students
(3 men and 7 women) and this kind of learning was totally suitable to 12 students, who were all women. The groups of
students are as follows.

5.1 Web-based learning does not suit

Surprisingly, younger students (age 25-35 years) belonged to this group. Women in the present group related to the
computer with dislike (Maybe my dislike to computer has came from that I am not very competent in this matters.) or
were not interested in computers at all (This is not the subject what I would feel any professional interest to.). Computer
was used only in case of necessity (I use the computer really only how much I need.) and mostly for working and
communicating by e-mail. A male person of this group had good computer skills but he admitted that he was dependent
on computer games.

On the basis of the second essay it appeared that they were people who could not plan their time well and bringing big
workload, family problems etc as a reason they said that in the case of such course the feeling of flabbiness, that they
cannot manage, emerges (In the evenings and at the weekends it took a lot of effort to sit again in front of the computer.
Exercises ran very fast and continuously I had the feeling that I cannot manage.). These people needed the lecturer to
be present, that the lecturer continuously helped, directed and checked them at the same time.
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I also need the support from the lecturer. One quick demonstrate is not enough for me. Revision is needed
to fix the learned material. And revision with the support from the lecturer. I have repeatedly seen for a
moment, what can be done with the computer, but I can 't do all this alone. The lecturer must also be present.

Students from this group were not motivated to learn. They took part in courses rather for credits, not for knowledge-
skills, they took part because it was a compulsory subject. The co-students, communicating with them and co-operation
did not figure in their writings.

5.2 Web-based learning suits in some aspects

Both younger and older students (age 24-52 years) belonged to this group. They also rated their computer skills very
differently — there were people, who rated their computer skills as to be very good (Now doing teacher s job, computer
is like a part of my body.), people, who rated their skills as average (I can t say that I am a good friend with the computer.
Rather an acquaintance.), and people, who rated their skills to be as beginners ones (Even now I think of myself as a
beginner computer user,). In addition to using computer as a working tool, people in this group use the computer also
as a communication tool (besides e-mail also MSN) and for searching information.

As about the arrangement of web-based learning, they thought that from one side freedom to plan your time is good, but
at the same time such flexibility caused the adjournment of the activities. So, they asserted that from one side freedom is
good, but from the other side this expects time planning skills and self-discipline (7 admit that this is the mistake of my
bad planning.). 1t is easier to attend the studies in auditorium, and then one doesn’t adjourn his/her activities.

So yes, I am rather a person who shows up and does the job. This web-based learning maybe leaves too
much room for mobility, it means you can adjourn and dawdle activities.

People in this group needed more severe limits and punishments, and motivation from outside (Deadlines in the
timetable should be obligatory, when you outgo deadlines, then you have to do an extra exercise or you lose points or
something like that. I think that strictness about work deadlines would be really useful.) and they needed continuous
reminders (I would like to receive an e-mail — that I have to finish off something just now.).

If people of the first group did not perceive the presence of the lecturer and brought out the absence of the lecturer as a
disadvantage of the course, then the lecturer existed for the people of that group and they knew how to use the resources
the course offered. The timetable, reminders sent by the lecturer and the existence of the schedule of the course helped
them to manage with the studying exercises.

At first I was more pessimistic if I could follow the timetable and won 't get too lazy if [ don t have to see the
lecturer from face to face. Now I see that I couldn t exactly follow the timetable, but the feeling that
the lecturer exists was there. She was not as a negative or displeased side but as a supporter and acceptor.

First thing I did when I joined the course was printing out the schedule and putting it on the nearest wall
beside the computer. As there isn 't any continuous contact with the lecturer within a web-based learning

(I don't have to go anywhere on certain time etc.), so a paper on the wall at least reminds me that [ am on
the course and I have to log in WebCT, and there are deadlines etc. Then it is easy to lose the discipline and
unavoidably you remember things that actually take place are more.

The most positive thing about web-based learning was said to be that you can learn when it suits to you (evening,
night) and concentrate in peace on what you are learning. They asserted that this form of studies advances more proper
learning of the subject and more meaningful participation. It could be read out from the writings of the people of this
group that they gained from reading thoughts of other people.
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But I also think that as the participation in seminar is impulsive, so the oral answer comes out from
my mouth without thinking. Here people think more and weigh their thoughts more properly. What seems
Jjust right in words can change to be doubtful in written form.

In spite of the fact that all people of this group said that there were more aspects, which did not suit for this form of
studies, so if you get accustomed to this, it might turn out to be enjoyable (Habits are changeable. That is why I think
that this way of learning will suit for me.).

5.3 Web-based learning suits well

People in different ages (age 25-45) belonged to this group. Web-based learning suited well for people, who had good
computer skills before, whose attitude towards using the computer was positive and who used computer for different
activities (My everyday work and life is strongly connected with the computer, without it I don 't even imagine my activity
any more.). At the same time they felt the limitedness of the computer and the necessity of the relationships between
people (The computer is a necessary tool both in work and in communication, but it will never be more important for
me than a person!). Most of them were autodidacts, who dared to try and experiment (If you have to learn something
new, then you have to sit behind the computer and try, experiment. Try until you manage to do this...).

During the web-based learning no one in this group had problems with time planning. They rather said that it is
motivating to choose yourself a suitable time to learn (7 really like web-based learning as I am the master of my time.).
When students of the first group said that failure not to meet the date caused the feeling of backwardness and flabbiness
and students of the second group felt that they need strict borders and punishment to meet a deadline, the students of
this group realized that deadlines can be agreed and it is most important to plan your work the way that by the end of
the course everything would be done.

Moreover, I like the way of studying if there are deadlines and workable plan and time planning is in your
own hands. It was also good that activities had “silent deadlines”, it means that it was important to cope
with all the activities in time.

There were mainly people, who rather studied early in the morning, in the evening, or at night, who wanted to concentrate
and work the material through in peace (I Like to work through the material independently, think the material over,
create schemes.), continuously connect practice and theory and learn beside the work. They also noted that in the case
of such study, they are more “in” the subject and therefore the efficiency factor might be bigger than in the case of
traditional learning.

Web-based learning keeps you posted up with current topic during the whole semester, you have time to think
and analyze and “be in it”. In my opinion the efficiency factor of such learning is bigger than
using traditional learning, at least for our kind of students who meet once in a month.

As the students of the second group, so the students of this group were conscious of constant connection with the
lecturer during the course (At the same time they had permanent connection with the supervisor.). Unlike the people in
other groups they also pointed out the importance of associating with fellow co-students and co-operation.

During this course teamwork also improved when we had to compose forum-based seminar s instruction
together (everyone had to say a word, then this “thing” was taken into account), on the occasion of the
teamwork carried through in auditorium the answer sometimes begins to disperse and sometimes one person

(maybe two) may do all the work.

As an interesting aspect, students of this group noted new ways of learning, which they had to learn during this course.
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Therefore they tried to look for new learning strategies to cope with a new way of studying, they tried and tested how
to learn the material better.

When the material is on the paper I usually make notes on it — draw lines, the most important ideas I write
beside the paper, so that later it is possible to revise the material very quickly, etc. I did differently with this
course’s material — I thought that I had read from the computer. Knowledge check-up at the end of materials
showed quite poor result, it means that I hadn t understood the material and I had to read it through once
more — whereby now I already made notes (made a short summary). The result was already better. This is an
example of changing my studying habits. I made sure that it is possible to learn differently, you just have to
test different options.

5.4 Connection with participation activity

Analyzing with hierarchical cluster analysis student’s participation activeness on courses (in WebCT-s students statistics)
differed also 3 groups (look also Table 1):

* Participators with average activeness (10 people: 2 men and 8 women)
* Active participators (12 people: 2 men and 10 women)

* Very active participators (4 people, all women)

Table 1. Average group parameters, which are differed by hierarchical cluster analysis

Number of times they have | Number of times they have | Number of messages they
looked studying materials | watched messages, posted | have posted to the forum
to the forum by the others

Participators with average | 326.9 146.7 14.7
activeness

Active participators 549.4 247.7 16.8
Very active participators | 966.5 463.6 29.8

All the students to who web-based learning did not suit belonged to the participators with average activity. People, who
found both suitable and unsuitable aspects in web-based learning, belonged to both: participators with average activity
and active participators (50% of them in both groups). People who considered the web-based learning to be suitable
were in all groups: in the group with average activity 17%, in the group of active participators 50% and in the group of
very active participators 33%. Therefore, it can be said that more active participation on courses is generally connected
to the satisfaction with web-based learning (Cramer’s V= .48, p=.02).

6 Conclusions

For conclusion it could be noted, that the suitability of web-based learning is, on the basis of present research, connected
to three big areas (look also Table 2):

» Computer skills, which also influence the fields of computer usage;

« Student” s characteristics and learning skills (skills of time employment, self-discipline etc.);

* Participation in the course work.
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Table 2. Resumptive description of groups

Web-based learning
does not suit

Web-based learning suits
in some aspects

Web-based learning
suits

Computer skills

Poor

From poor to very good

Good or very good

Computer uses

Primarily for
forming written documents

Varied uses

Varied uses

traditional learning

traditional learning

Skills of time employment | Missing Little Good
Self-discipline Little Average Good

Using Do not use Use Use

WebCT opportunities

(for example schedule)

Motivation Missing Outer Inner
Contact with lecturer Missing Exists Exists
Contact with Missing Little Exists

fellow students

Learning strategy Same as Same as New learning

strategies

Activity of taking part in
courses

Average

Active

Very active

As we see, besides these characteristics there are not such kind of areas, which person cannot change. For example:
gender or age. All these characteristics are developmental. Web-based student’s preparation should start already in
comprehensive schools, wherein learning habits, self-discipline, co-operation skills etc. form. Comprehensive school
should also give enough computer skills to school graduates that the way these would not counteract the choice of
international courses offered in web-based learning environment in future.
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Streaming Media Lectures allow a high-quality and a cost effective distribution of learning content. The
separate learning modules can be rearranged and offered for different study subjects or even different
universities. Streaming Media gives educational institutions the chance to produce many e-learning modules
at justifiable technical expense and human resources.

However, how can universities produce affordable streaming media lectures? How can face-to-face lectures
be transformed into streaming media lectures? What decisions have to be made considering design and
organization to utilize the technical potential of streaming media? Design guidelines are needed for the
transformation of face to face lectures, for the presentation and organization of information under multimedia
and hypermedia aspects and the mediation of information regarding instructional aspects. In order to find a
starting point for creating the design of streaming media lectures, the transformation of previous theoretical
and empirical findings from multimedia, hypermedia and instructional areas into the streaming media lectures
is necessary. Furthermore, experiences from previous projects should be taken into consideration.

In the following, decisions from the research project “e-learning with streaming media lectures” at Aalen
University, Germany about planning and designing will be considered. They create a frame for a learning
environment with streaming media lectures.

Keywords: streaming media lecture, e-learning, streaming video, multimedia principles

1Introduction

The traditional transfer of knowledge at universities takes place in many different forms. The established types consist of
lectures, seminars, exercises or tutorials, practical training, project work and colloquium. In these types, three different
teaching procedures can be put in action with methodical conception: presentations, course work, and explorative
teaching procedures. The differences between these teaching procedures are the stages of structuring and the stages of
learning activity.

Our recent study at German Universities has shown , that in nearly 52 percent of lectures, the teachers present their

knowledge while the students listen and take notes, and only ask a few questions. 29 percent of classes are in coursework
style and 19 percent use explorative teaching procedures (see figure 1).

1We interviewed 189 lecturers by telephone or face-to-face about the teaching procedures, presentable forms (text, formula, etc.) and
media devices they use for teaching students. They answered the questions for one single lecture and not for a
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Figure 1. How common are the certain teaching procedures?

In conclusion, the most common form for instructing groups of learners is the presentation, which has been used in
higher education for more than two thousand years (cf. Gagné, Briggs, & Wagner, 1988). McLeish (1976) named
positive reasons for this form of instruction. The lecturer can inspire listeners in classroom lectures, forward research
areas and activities to students and other interested persons and connect theory and research with practical problems.

The learning environment concept of presentation lectures includes a frontal seating order which enables the teacher
to clearly see all learners. The lectures last up to 90 minutes (depending on the lecture) whereby the teacher is the
centre of attention and influences the major part of the lecture. From the didactic point of view, classroom lectures
correspond to the teacher-centered approach, since the teacher instructs and guides the learners verbally. The teacher
is the central figure of face-to-face lectures and receives all of the students’ attention. The teacher is an expert in the
subject, an information giver, an organizer, an advisor, an evaluator and a role model (cf. Flechsig, 1996). The learner
takes over the role of a passive observer. He reacts to the teacher’s questions and occasionally poses questions or makes
suggestions.

The knowledge is carried in presentable forms (media content), for example as text and formulas, but also as animations
and videos. The media devices create a visualization of the information. At universities the lecturers use wipe boards
and marker pens, overhead projectors or video projectors.

As figure 2 shows, teachers at German Universities present their knowledge in different ways: 45 percent use a video
projector, 27 percent use an overhead projector (handwritten, copied or printed), and only 25 percent use the black- or
whiteboard.

25,4 1,3 27,9 44,5 1,7
Gesamt I
0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%
B slack- or Flipchart B overhead [ video M video or Audio Unit
Whiteboard Proiector Proiector (analoa or digital

Figure 2. Which media devices do German teachers use in higher education?

Finally, over 60 percent of all presented content is already digitized, that means it is either presented with an overhead
projector or with a video projector. This teaching format is the best for reformatting into a streaming media lecture.

114 scope of lectures that they offer. Some lecturers gave feedback for more than one of their lectures, altogether we have a
sampling of 274 lectures.



2 Principles for Streaming Media Lectures

Reeves & Nass (1996) postulate in their Media Equation Theory, that a learning environment on a computer should
be made as close to reality as possible, since the learners principally show the same behavior when learning with
media as when learning in a traditional “real” learning environment. As a conclusion from this information, it seems
recommendable to place the teacher on the left side and the presentation on the right side of the user interface in
order to get as close as possible to the real environment of a face-to-face lecture. Nevertheless, this is an assumption
without empirical proof, though most of the given examples lean towards this design. With a control unit and dynamic
hyperlinks (table of contents),the learner is able to use the streaming media lecture interactively. Since both interactive
elements relate directly to the streaming, it seems reasonable to place them underneath (cf. Dix, Finlay, Abowd, &
Beale, 2004, p. 191-224).

Altogether four basic elements can be recommended for a streaming media lecture:
(a) The streaming video should follow the content of the lecture and the teacher.
(b) The presentation (slides) order should allow the students to visualize the information given by
the teacher.
(c) A control unit should be in place for starting, stopping or sliding to any position of the lecture.
(d) A table of contents should be included in order to switch between the sequences or chapters of the lecture.

Streaming Video

Presentation

Control Unit

Table of Contents

Figure 3. Design Concept for Streaming Media Lectures
Using this design concept, the learner comes across a well known environment to him. According to Reeves and Nass
(1996), men have the ability to establish relationships and understand how the physical world functions. If the media

adjust the social and natural rules, students do not need to be instructed by using them.

“People will automatically become experts in how computers, television, interfaces, and new media work.” (Reeves &
Nass, 1996, p. 8)

The proceeding development in the Internet technology allows realistic static and dynamic visualization, but does it
really improve learning achievement? Already 1947, the U.S. Army (cf. Hall & Cushing, 1947) set up a research project
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and analyzed whether video-based instruction, text-based instruction or traditional face-to-face instruction achieves the
best learning achievement. They developed three different learning modules for reading a micrometer:

1. The “film group” watched a narrative instruction for reading a micrometer.

2. The “face-to-face group” listened to and watched an instructor who presented the same lesson as in the
video about using a micrometer.

3. The “text group” read a text including the spoken word of the film and pictures. The pictures contained
arrows to show the movements.

After this, all did the same test. However, Hall and Cushing could not recognize any differences in the learning
achievements. Over the last 50 years, more studies could not confirm that dynamic media either enhances the learning
achievement or reduces it (cf. Clark, 1994; Dillon & Gabbard, 1998). According to Mayer (2002), not the media
influences the learner achievement, but rather the method of instruction. Fey’s (2002) research has shown that students
always preferred audio-visual presentations instead of only auditory presentations. However, she could not prove a
significant difference in learning achievement between those two types. Glowalla (2004) confirmed her results with his
studies. His students additionally meant that in comparison to face-to-face presentation, they could better concentrate
on audio-visual presentations. Auditory presentations they felt as too boring. In audio-visual presentations the students
were extremely motivated. However, whether audio-visual presentations allows a more sustainable learning should be
researched throughout long-term studies.

2.1 Elementary Design Principles for Multimedia

Streaming media lectures represent a multimedia environment, where information in the form of audio or video text
is combined with pictures, charts, tables and so forth (cf. Astleitner, 2002). The audio/video sequences are linear.
Mayer and his colleagues (cf. Clark & Mayer, 2003; Mayer, 2001; Mayer & Moreno, 1998; Moreno & Mayer, 2000)
formed empirically proven design criteria for video or animation sequences, which are based upon research in cognitive
psychological fields (cf. Jans, 2005, pp.73-88). The following basic principles can be concluded from the theories for
the multimedia design of streaming media lectures.

(a) Presenting streaming media lectures in combination with audio/video pictures of the teacher aligned with a
presentation of the lecture’s content is more effective than an audio/video picture of the teacher alone. Therefore, it does
not seem appropriate to transform and offer a face-to-face lecture without any additional presentation of the content.
(Multimedia Principle)

(b) The presentation of the video picture with the teacher and the slides with the lecture’s content should be arranged
in a manner that the learner can absorb both sources of information at the same time. He should not be forced to split
up his attention between the two media contents. Therefore, the information on the slides should not be too complex
and the design should not be too extravagant. This ensures that the learner can pick and process information before the
next slide comes up without loosing track of the lecturer’s presentation in the video picture. When designing the video
sequences, the design proposals in section 2.2 could be helpful. These include slower camera movements, homogeneous
design of the background in order not to overload the learner with new attention catchers. Furthermore, side noises in
the audio signal should be avoided. (Split-Attention Principle)

(c) As a matter of principle, a verbal (audio) explanation of the visual content presentation (slides) is often better
than explaining it through additional text on the screen. Graphics or pictures should, therefore, not be explained with
additional text, but by the teacher. This is particularly important in the case of fast switches of slides. This is especially
true for a simultaneous presentation of text and graphics in a slide, not so much for text itself. The text in the slides should
conform with the spoken words of the teacher, and only key words should be used for text in the slides. Alternatively,
the slides should provide an illustration while an accompanying voice provides explanation. (Modality Principle)
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(d) When explaining the content of slides, the teacher should not present both the words as narration (verbal) and
the identical text as a graphic (visual) at the same point in time. If graphics are presented in the slides, they should
be explained by the teacher and not through onscreen text that duplicates the audio (sub-titles). An exception could
be made if the teacher gives the learner enough time to view, read and understand the information or if there is no
pictorial presentation. This exception is also acceptable for the case where it might be easier for the learner to read an
explanation instead of listening to it. This could be a fact when the lecture is not held in the mother tongue of the learner.
If working in a second language, there is a strong case for providing the spoken words as sub-titles. An expensive post-
production could even provide sub-titles in foreign languages. This is also an important issue for hearing-impaired
users. (Redundancy Principle)

(e) All elements of a streaming media lecture should be integrated in one and the same user surface. Presenting them in
additional windows is not recommended. (Spatial Contiguity Principle)

(f) The verbal and visual information should be temporally synchronized rather than separated in time. This means that
the spoken word, or rather the visual action of the teacher (audio/video picture), should be temporally synchronized
with the presented information (slide). (Temporal Contiguity Principle)

(g) In the streaming media lecture only relevant information should be integrated in the form of pictures and sound.
Irrelevant information in content presentations (e.g. irrelevant graphs in slides) and in the user surface of the streaming
media lecture should be avoided. This also includes irrelevant internal (on the sound track) and external (noises within
the room) noises. Additional explanations by the teacher that do not directly relate to the content of the presentation
should be avoided as well (cf. Mayer, Bove, Bryman, Mars, & Tapangco, 1996). (Coherence Principle)

(h) The teacher should communicate the information in the lectures in a personal, friendly and informal manner (cf.
Reeves & Nass, 1996). In order to achieve this, the teacher should feel comfortable when the lectures are filmed and
behave as naturally and authentically as possible. (Personalization Principle)

(i) The learner should be able to affect and control the streaming media lecture. Therefore, the surface of the streaming
media lecture should include control units and dynamic hyperlinks (table of contents) which ensure temporary and
interactive control and access to the sequences. (Interactivity Principle)

(j) The teacher should try to influence the attention of the learner by accentuating especially important facts. Such
information could additionally be enhanced in the slides through separate coloring with signaling colors. The accentuation
of spoken and written words can be synchronized in order to strengthen the desired effect. (Signaling Principle)

Since the principles are empirically founded, considering them will help the learner to better understand the multimedia
presentation of streaming media lectures. Therefore, all the basic elements are integrated in the user interface (spatial
contiguity principle). The streaming media lectures are furthermore integrated in an e-learning environment, which should
be clearly separated. Integrating the streaming media lecture in an e-learning environment offers the learner additional
functions through several links. The learner can choose several feedback possibilities via the link “communication”,
which include e-mail, discussion groups, chats or a white board.

In order to keep the attention of the learner during the lecture, both sources of information, the video picture of the
teacher (streaming video) and the slides, are presented in a non-complex design (split-attention principle). Furthermore,
the slides are synchronized with the spoken words of the teacher. The switch between the slides in the streaming media
lecture is connected to the movement of the teacher toward the notebook in the streaming video. The content of the
slides is reduced to the essential facts and contain key words which only explain the graphics. They are explained in
detail by the teacher (modality principle). Basically, the content on the slides is not strictly repeated by the teacher, but
present a summary of the lecture (redundancy principle). If there is an especially important fact to be underlined, the
words are colored red at the moment of mentioning (signaling principle). Since the teacher shall present the lecture in
the most authentic way possible, students have been integrated in the filming of the lecture (personalization principle).
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In order to avoid irrelevant audio information, the students have been asked not to pose questions during the filming
process (coherence principle).

The learner can control the streaming media lecture through the control units by using start, stop and pause buttons,
as well as through a table of contents (interactivity principle). The control units are limited to only essential buttons.
The learner cannot time line, fast forward or rewind the lectures, since time lags might occur during the internet
data processing by the streaming technology. The omission of these control units does not seem to be unreasonable.
This again influences the satisfaction of the learner and thereby supports the learner’s motivation. It is clear that the
multimedia and film design are connected with each other and, therefore, the principles should be applied before and
during the filming process of the teacher.

2.2 Principles for Recording Streaming Media Video

Lectures in higher education commonly last up to 90 minutes. The teacher normally walks around and talks to the
students, and maybe the teacher or the students ask questions. Of course, such a lecture can be just recorded and
streamed. It would be useful for students who missed the class, or for student’s revision. However, is it useful to replace
a traditional lecture (presentation) with a Streaming Media Lecture? For several reasons we recommend recording
Streaming Media Lectures separately. First of all, in a traditional lecture, teachers use a combination of media devices
and would walk around. The cameraman would need to “catch” the teacher. Secondly, students would talk during the
lecture. Since audio is more important than video in streaming media lectures, it is recommended not to have any
background sounds. Thirdly, the communication between the teacher and the students is not easy to record. A learner
participating in a Streaming Media Lecture might feel that he is missing out on a part of lecture. This could influence
the learning achievement. That being the case, we recommend the following rules for video recording, audio recording,
and lecture unitising.

(a) Video Recording

Camera Position: The camera should be positioned to ensure that the teacher stands in relation to the slides, which
are later added in the user surface of the streaming media lecture (cf. e.g. Wetzel, Radtke, & Stern, 1994). The teacher
should, therefore, look in the direction of the later added slides. It could be helpful to place a notebook next to the
teacher while filming, which will then lead the view of the teacher in the preferred direction. Additionally, it might be
helpful for the teacher to sit some students next to the camera. The teacher will automatically look into the camera.

Zoom and Panning: Zoom or movements of the camera should be avoided as much as possible and if necessary,
the movements should be made very slow. The following compression of the video sequences can easily result in
movements appearing as bucking pictures (cf. e.g. Wetzel et al., 1994). By placing the teacher’s desk and a notebook
for the teacher, the movement radius of the teacher is already limited and camera movements are avoided.

Camera Detail: The teacher should be as big as possible in the final video (close-up view). This is necessary, since the
video picture will later on be scaled down in order to ensure its integration into the user surface. Otherwise, the teacher’s
facial expression would be difficult to see.

Light: The light should be set up in such a way that the subject (teacher) is entirely illuminated and without shadows
(cf. e.g. Wetzel et al., 1994, p. 123). This is especially important, since otherwise the quality of the video will deteriorate
after being compressed (cf. Jans, 2005, pp. 29-52).

Background: The background should be homogeneous and fit into the multimedia design of the streaming media

lectures. This includes the adaptation of colors, as well as the removal of disturbing items. In this context, it has to be
considered, that colors also evoke emotions. (cf. Holzinger, 2001, p.123; Wetzel et al., 1994, p.124).
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Clothes of the Teacher: The clothes of the teacher should also fit harmonically into the overall picture of video and user
surface. Small stripes or checkered clothes cause a flickering in the streaming video.

(b) Audio Recording

When recording the spoken words of the teacher, it is important to have the best quality audio recording without
disturbing noises (cf. Holzinger, 2001, p.148ff; Niegemann, 2004, p.125ff). A Streaming Media Lecture cannot be
viewed without sound; on the other hand one could listen to it without seeing the video sequence. When streaming data
are transmitted, the audio signal is preferred. If there is a bottleneck while transmitting the data, the transmission of the
video suffers before the audio signal is affected.

(c) Filming Sequences

Filming a sequence, especially in a studio environment, should not take longer than 15 to 20 minutes. Otherwise
the teacher will lack concentration, which results in mistakes in speaking and unwanted breaks. The quality of the
presentation would suffer from this, as well as the transmission of the learning content. Furthermore, it can be said,
that the teacher behaves differently when speaking in front of a camera than in front of a class. This might result from
the fact that the filmed sequence is used to conserve the spoken word. If the sequence or lecture is filmed in a usual
classroom environment, the behavior of the teacher is more similar to a normal face to face lecture.

3 Production line for Streaming Media Lectures

Since 2001, the Media Centre of Aalen University has produced over 180 Streaming Media Lecture of over 20 different
teachers. Students can watch those lectures from any place in the world. Basically, the production line can be divided into

seven steps:
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Figure 4. Production line of Streaming Media Lectures at University Aalen

1.Preliminary talk (producer and lecturer)

The lecturer and the producer talk through the lecture and divide it into 15 or 20 minute modules.

The producer and the teacher should arrange the modules so that they can be rearranged differently and can
be used in other study subjects. For example, Aalen University has produced several modules on the basics
of marketing for the international business students and today they are also used for optician students.

The lecturer receives a presentation master and a style guide.
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2. Optimizing the presentation (producer or student assistant)

The producer or a student assistant receives the presentation before the lecture will be recorded. They check
over every presentation slide for graphical aspects, such as the arrangement to text and pictures and the
readability. As the case may be, they optimize the slide (Microsoft Powerpoint).

3. Recording of lectures (producer, lecturer and students)

The producer records the modules (15 to 20 minutes) in the studio, up to a maximum of four hours per day.
Mostly, two or three lecturers share one recording day and lecture in turn.

4. Digitizing videos (producer or student assistant)

After the videotaping, student assistants digitize and cut the video, which will be saved as a Microsoft
DV AVI (Adobe Premiere Pro).

5. Combing and publishing video with presentation: Streaming Media Lecture (producer or student assistant)

With special authoring software for streaming media, the video will be combined with the slides.
Additionally some text objects, such as the name of the lecturer and of the module, and dynamic hyperlinks
optimize the learning conditions for the students.

Those produced streaming media lectures cannot just be published on the Internet. The students need a learning
environment which includes more than just content. Every learning module needs a learning goal, printed scripts, a
printed presentation for taking notes, further literature, and a duration time. Some teachers even offer self-tests, which
helps the learner to control their learning achievements. Additionally, the e-learning-modules need to be integrated into
the whole learning experience, so the students will definitely need a learning concept so they will know what happens
in face-to-face-sessions, and what to do during the online session. They need a timetable and communication tools.

Therefore, two steps need to be added to the production line:
6. Conception of the E-Learning-Course

In the learning environment (WebCT) the producer creates a course for the teacher with the following tools:
— Lecture Theme
— General Course Information (time table with face-to-face-sessions and
online-session, list of teacher(s), tutor(s) and students)
— Syllabus (learning content and learning goals)
— Table of Contents
Every learning module consists of a learning goal, further literature, a presentation
(manuscript for taking notes), and the duration time for learning this module.

7. Final Check and Release of the course
The teacher checks the whole course; after this, the course is released to the students. The learning
environment offers many more tools, for example for communication, group work, self tests, and tasks.
The Media Centre of Aalen University offers tutorials and classes for lecturers who want to broaden

their online range.

Figure 5 shows the graphical user interface, which the students receive by logging in to WebCT. First of all, they find
their course list. After they have chosen which course to study, they find a short course overview. In the table of contents
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(1), they choose one unit (2). Our studies have shown that the students first watch the complete video once (3). After

that, they print the presentation (4), go back to the video (5), and watch it step by step while taking notes (cf. Jans,
2005).
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For Aalen University and its research projects has it always been very important, whether E-Learning is affordable for
educational institutions and whether it is possible to convert produce an appreciable amount of lectures into E-Learning.
The last six years has shown that we can reach a production rate from 1:10 down to 1:3. That means: for one hour
streaming-media-content we only need three to ten production time (step one until five).
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This production rate can only be realized ...
— ... if a production facility for recording streaming media lectures is available.
— ... if a streaming media server (real or windows media server) and an e-learning-environment is at hand.
— ... if the teacher use the given templates for the presentation.
— ... if the teacher stands to the agreements of the preliminary talk and is well prepared for the recording.
— ... if the University does not produce the Streaming Media Lecture on-by-one, but rather offers a
production week.

The Media Centre of Aalen University produced ninety different single modules for Master in Vision Science and
Business. The teaches are from Aalen University, but also from Pacific University (Forest Grove, Oregon, USA) and
New England College of Optometry (Boston, Massachusetts, USA). Streaming Media allows offering the students
competence from all over the world.

Today teachers at Aalen University have the opportunity to record their lectures regularly. The production team
consists not only of assistants, but also students help to produce new streaming media content and to advance to whole
process.

4 Conclusion

The Paper describes the necessary planning and design decisions to be able to transform a face-to-face lecture to
a streaming media lecture. Design decisions must be made for recording the film sequences, for the multimedia
presentation of information and the hypermedia organization of information. These principles have to be considered so
that the streaming media lectures meet the cognitive as well as the instructional standards. There is no such thing as the
golden mean. Decisions must always be made with regard to the application of the streaming media lecture. The learner
and his individual competences and technical requirements must always be taken into consideration for all design
decisions. So far, the examination of the streaming media lectures has been largely isolated and the focus was on the
medium as such. Streaming media lectures have to be integrated in a learning environment and must be combined with
other didactical media and methods in order to have their full effect (cf. Jans, 2005, pp.53-72). This requires creating a
learning environment that makes interplay of different media and methods in a socio-cultural context (cf. Bremer, 2001;
Kerres, 2001, p. 33). In this learning environment, the learners can control their learning process largely themselves and
adapt it to their needs and experiences.

Further project information you will achieve under: http://www.medienzentrum.htw-aalen.de/streaming/
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The goal for knowledge management is to create the knowledge that drives the organisation forward and
provides a professional community. One of the biggest challenges for knowledge management in educational
organisations is to move toward a more student-centered learning environment. According to the construc-
tivism deep learning and critical thinking can be achieved if the students are active in the learning process,
which mainly takes place in a student-oriented setting. A reasonable assumption is that in student-centered
schools the teachers’ teaching strategies and, at the same time, their role as a leader is of great importance.
For instance, a more democratic than autocratic style is emphasized. Therefore, it is important for knowledge
management within educational organisations to deal with the task to support the teachers to take such a
democratic role. Information and Communication Technology (ICT) in form of knowledge systems can be
utilised in this process. In this article we present the design of a prototype, called Mentor, with the aim to give
the educators the opportunity to reflect on their current teaching strategies and get guidance how to improve
their teaching, which in turn can influence their leadership in the classroom. Bloom’s revised taxonomy has
been utilised to relate the teachers’ answers, regarding their teaching strategies, to the taxonomy and also to
give different kinds of feedback based on the educational objectives in the taxonomy. Mentor may support all
the phases within knowledge management; capturing, sharing, applying and creating knowledge.

Keywords: Knowledge management, teachers’ leadership, Blooms revised taxonomy, computer-based teach-
er support, knowledge systems.

1 Introduction

“The last decade has seen the birth of a new science — knowledge management” (Housel & Bell, 2001). Knowledge
management, KM, can be defined as management of organisational knowledge for creating business value and generating
a competitive advantage (Tiwana, 2000). Usually, when speaking about KM the aim is to increase companies’ profit.
But KM can also be applied in organisations where profit is of no interest, which may be the case for, e.g., schools. The
purpose with KM in the school organisation can be to facilitate the students’ learning, increase the parents’ participation,
and support the teachers (Edman, 2005).

The companies’ value is no longer the equipment, buildings, or receivables, but instead the intellectual capital (Housel
& Bell, 2001)) and educational organisations are no exception. Knowledge management involves people, organisational
processes, and technology in overlapping parts (Awad & Ghaziri, 2004). Thus, the intellectual capital, i.e. the people
and the organisational processes, can be supported by ICT.

125



In schools, the traditional role of the teacher primarily as a tutor, can be challenged by seeing the teacher more as a
leader of an educational team, where the teacher’s leadership capacity is just as important as the pedagogical skill.
Teacher leadership is important for, e.g., creating school environments where students perform well and where each
student is known and treated as an individual (Usdan, 2001).

Educational technology has been consecrated to develop discoveries using theory and practice to create, facilitate,
manage, utilise, and assess the methods of teaching and learning. The consequence is that teachers can get insight
into new teaching and learning techniques (Kerka, 1994). By offering educational technology the way of managing
knowledge in the educational organisations, and also the teachers’ leadership, may be changed and improved.

Knowledge management in an educational organisation involves a principal, administrative staff, teachers and students.
The goal in such organisations is to offer an environment where the students can learn and in this the teachers play
an essential role. Therefore, we have chosen to put the focus on teachers by designing a knowledge system, named
Mentor (introduced in section 3), in order to improve the process of teaching and thereby also improve the knowledge
management of the educational organisation. The improved quality of teaching can be assessed in terms of increased
deep learning and the students’ improved capability to think critically. Teacher leadership deals with strengthening
student performance and working towards collaboration, which can result in a professional community among the
students (Usdan et al, 2001). Thus, the teachers’ leadership style applied in the classroom has a significant impact on
students’ development and the movement should be towards a student-centered approach.

Bloom’s revised taxonomy can be utilised for a classification of different objectives and skills that educators need to
reflect upon in the learning environment. According to the revised Bloom’s taxonomy deep learning requires a higher
order of cognitive thinking skills, such as analysis and creating new knowledge, where the students must be able to
integrate components in a holistic way (Anderson & Karthwohl, 2001). In Mentor the taxonomy is utilised to relate
the teachers’ answers, regarding their teaching strategies, to the taxonomy. And also, the system will use the taxonomy
as a basis for the feedback generated to the teacher. This feedback is related to the answers the teacher has given
concerning his/her teaching. Through discussions with pedagogues the mapping between the answers and Bloom’s
revised taxonomy is elaborated and the work with the implementation in Mentor is ongoing.

The paper is structured as follows. First we give some remarks regarding learning and the revised Bloom’s taxonomy
is introduced. Then a presentation of the Mentor system with the purpose to support teachers in their tutoring is given
followed by an overview of the architecture. This is followed by a discussion regarding knowledge management in an
educational organisation. A concluding discussion and further work will complete the paper.

2 Learning and Bloom'’s revised taxonomy

Studies show that both students and teachers have different perspectives on how to learn and what to teach (Hedin,
2006). When the goal is to mediate facts, teaching will be concentrated mainly on presenting the facts within the subject
and students are required to pay attention and listen carefully so they will be able to memorize and reproduce what has
been said. To achieve deep understanding the students are engaged in a variety of learning activities. As they move and
progress to deeper levels they have to be more active, see Figure 1. There is a problem, though, if there is a mismatch
between the student’s and the teacher’s goal.
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Students Perspective Teachers Perspective
Transferring Knowledge
1. Learn more facts. 1. Meditate facts.
2. Memorize, 2. Meditate concepts within the
3. Learnfacts, methods, procedures in subject domain.
such a way they are usable. 3. Helpthe students to learn
4. Extractthe meaning. concepts.
5. Interpret and understand the reality. 4.  Help the students to develop their

own concepts.
5. Helpthe student to reconstruct and
change their concepts.

v
To learn, develop and change concepts

Figure 1. Students’ and teachers’ view of learning (Hedin, 2006)

There are two main strategies for learning; deep and ground (Marton et al, 1996). In a ground approach to learning the
students focus on memorizing sets of facts, reproducing parts of the content and thereby developing an atomic view. The
deep approach to learning takes place when the students focus on significant issues in a particular topic and reflect on
what they have read, relating their own previous knowledge to the new knowledge they have obtained. Deep learning
is consonant with constructivism. The constructivist approach to learning dominates learning theory today (Morphew,
2002). Constructivists view knowledge as something that a learner actively constructs in a knowledge-building process,
piece by piece.

Bloom’s revised taxonomy is used to classify different objectives and skills that educators need to reflect upon to
support students’ deep learning (Anderson and Krathwohl, 2001). In 1956 Benjamin Bloom led a group of researcher
to develop a way of classifying different knowledge levels.. Bloom identified six levels of cognitive processes. The first
and the simplest level is “knowledge”, which involves recognizing and reproducing facts. Then the level complexity
increases up to “create level” meaning that students can evaluate, criticize and give recommendations, see Table 1.
Their research showed that 95% of questions in examinations were answered by students at the lowest level, namely the
“knowledge” level, which essentially means that they were just remembering facts

Table 1 Blooms revised taxonomy (based on Anderson & Krathwohl 2001)

The cognitive process dimension

2. Understand 3 Apply 4. Analyze 5. Evaluate 6. Creake
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Anderson and Krathwohl (2001) revised Bloom’s original taxonomy by combining the cognitive process and the
knowledge dimensions. The revised taxonomy incorporates both the kind of knowledge to be learned (knowledge
dimension) and the process used to learn (cognitive process dimension). Both dimensions can be used to help write
clear, focused objectives, see Table 2 and Table 3.

Table 2. The knowledge dimension.

Factual Knowledge Knowledge of discrete, 1solated, content elements bits
of information It includes knowledge of terminology
and knowledge of specific details and elements

Coceptual Knovledge Enowledge of s more complex, organized knowledge
forms. It includes knowledge of classification and
categories, principles and generalizations, and theories,
models and structures

Procedural Knovsledge Knowledge of how to do something It includes
knowledge of skills and algorithms, techniques and
methods, as well as knowledge of the criteria used to
determine and or justify when to do what within
specific domainz and disciplines

Meta-cognitive Xnowiedge Knowledge about cognition in general as well as
awareness of and knowledge about one’s owa
cognition. It encompasses strategic knowledge,
knowledge about cognitive tasks, including contextual
and conditional knowledge and self-knowledge.

Table 3. The cognitive process dimension.

Remember means to retrieve knowledge from long-term memory.

Understand 1s defined as constructing the meaning of instructional messages,
including oral, written, and graphic communication.

Apply means carrying out or using a procedure in a given situation

Analyze 1s breaking material into its constituent parts and determining how the
parts related to one another as well as to an overall structure or purpose.

Evaluate means making judgments based on criteria and or standards.

Create 13 putting elements together to form a novel, coaerent whole or to make
an original product.

The revised version of Blooms taxonomy is used as a framework in different contexts. For instance, Athanassiou and
McNett (2003) have described the development and evaluation of a meta-cognitive framework based on Bloom’s
taxonomy. They argue that the taxonomy has been of significant use to develop the students’ critical thinking and
creative skills and also their ability to get engaged in the learning activity and take the responsibility for their own
learning. Moreover, they state that “the use of the taxonomy has helped our classrooms become more student-centered,
as it helps our students gain increased awareness and control of their own cognitive development. In doing so, it
addresses that frustrating problem so familiar to most learners: how to figure out what it is one does not know”.
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King and Duke-Williams have utilised the revised Bloom’s taxonomy in a computer-based system for teachers to assist
in the assessment of higher level learning outcomes. The taxonomy is used for a careful design of objective questions.
Their reason for using the taxonomy is that it offers, “sufficiently detailed categories to allow outcomes to be mapped
clearly onto learning activities” (ibid). The involved students were very positive and the authors stated that these
questions were suitable for formative assessment regarding higher level of learning.

We will not use the revised Bloom’s taxonomy to support students, as Athanassiou and McNett, neither to develop
examination, as King and Duke-Williams. Our motivation for utilizing the taxonomy in the support system Mentor is
firstly that to relate the teachers’ answers, regarding their teaching strategies, to the taxonomy. Secondly, the teachers
can get different kinds of feedback based on the educational objectives in the taxonomy.

3 The design of Mentor - a knowledge system supporting teachers

Teachers, who are trying to integrate and use new teaching methods, differing from traditional ones, are often confronted
by their colleagues as well as by students (Hedin, 2006). This was a result found in a study at Uppsala University,
Sweden, where 3473 students and 786 teachers answered enquiries related to the education and 140 groups of students
and teachers discussed pedagogical matters. An obstacle to try new teaching methods could be the teachers’ insecurity
about the methods and the outcome of using them. Therefore, we mean that offering teachers the opportunity to get
an insight into different approaches to teaching, without any fear for resistance, is valuable for improving the teaching
quality. According to Usdan et al there is an extremely strong relation between students’ learning and the quality of the
teachers (2001).

In this section we present the design of the knowledge system Mentor. In order to motivate the teacher, the system starts
with a brief presentation of the main ideas with using the system. Then the user will be given a set of multiple choice
questions related to teaching methods. Every answer will be interpreted and mapped to the revised Bloom’s taxonomy.
When the user has finished a session the system will present an overview of how the answers have been evaluated
according to the taxonomy. Through this presentation the user can get an insight into their teaching method, which
hopefully will lead to personal reflections. Additionally, feedback will be generated upon user’s request. Two kinds of
feedback can be presented. The first one is dynamically generated in relation to the user’s result and the other one is
general and explains different objectives in the taxonomy and also gives suggestions about teaching.

3.1 Evaluating teaching strategy

At UClrvine Instructional Resources Center’ s website , one has a set of eighteen questions regarding design of courses.
The set is adapted from an article by K.T. Brinko, published in “The Teaching Professor”, February 1991. After
discussions with pedagogues we decided to utilise UCIrvine’s questions in our support system. In Table 4 are the first
nine questions listed. In Figure 2 one of the questions is given with different alternatives and the chosen alternatives
are ticked off.

Some of these alternatives may have follow-up questions for further classification of, e.g., exams and projects. For the
sake of simplicity no such questions are included in the example.

http://www.irc.uci.edu/TRG/Preparing_To_Teach/Planning/designing_questions.htm 1 29
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Table 4. A set of questions regarding design of courses2.

000 oM b e

What are my course goals? What do I want my students to learn primarily?

At what level(s) do I want my students to perform?

What class activities will help my studernts meet these goals and levels?

How will I support my students in their efforts to meet these goals and levels?

What assignments will I use to evaluate my students' success with these goals?

How much uniformity of assignments will best serve my students' needs?

What evaluation approach will best help my students to meet these goals and levels?
What evaluation unit for each assignment is consonant with these goals and levels
What type of class atmosphere will foster students' success?

o

HWientor

Suzt Show cooshsacas Heyps

To 1ave some tEe YOU Can wie your

keytced to erwer the quesacas
Chck e 1o Rnwrw s oee.

Prefile:

Chek eer I 1o want to know why this
qeeation @ wrpoctars foc your poafie.

rhsnm‘ questions: 1 2

Question 5

Wht assigrnerts will i use to evakiate
may studerk s 2a0cess With these poak?

4] Exaens, quirzes

7] Oral peesentatica

O Papers

[ Perfocnamce of dals
! Projects

INaai queshon >>

Conclusion

Figure 2. Anwers to question 5

The system interprets and maps the user’s answers to the taxonomy and the corresponding locations are marked, see
Figure 3. Let us study a possible outcome of, e.g., question 5 presented in Table 4. Often exams and quizzes assess the
degree of “remembering factual knowledge”, i.e. the mark X in slot Al in Figure 3. Oral presentations, on the other
hand, lead to “understanding conceptual knowledge” (B2). But to be able to perform an oral presentation you have to
“remember factual knowledge” (A1) and “remember conceptual knowledge” (A2), and “understand factual knowledge”
(B1). Thus, a mark in one square means that all squares above and to the left are satisfied too.
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Mentot

Conclusion

Figure 3. Blooms taxonomy after mapping the answers.

Projects may result in a mark in C3 or C5, but also in D4, D5, and D6 depending on the type of project. The type is
related to, e.g., the goal of the project, the level of description, demands on the documentation and oral presentation.
Suppose that, in this case, the project is small, well-described without any oral presentations and the goal is to acquire
“application of procedural knowledge” (C3).

When the teacher has answered all questions Mentor presents an interpretation of these in relation to the taxonomy
by giving the number of matches in every square, see Figure 4. The actual outcome is utilised for the generation of
feedback to the user and the different types are presented in the next subsection.

Mentor = —

Figure 4. Blooms taxonomy with number of matches.
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3.2 Generating feedback

Two kinds of feedback can be presented. The first one is dynamically generated in relation to the user’s result. The other
one is static and explains different objectives in the taxonomy and gives suggestions about teaching when the user asks
for this.

Example of a dynamically generated feedback is why there are marks in a square. In Figure 5 such an explanation is
presented in relation to “applying procedural knowledge” (C3). The taxonomy can be explained, based on general
knowledge and this is static. Examples are presentation of a concept, e.g. conceptual knowledge seen in Figure 6, and
presentation of a square in the taxonomy, e.g. D5, see Figure 7.

Moreover, the user can investigate how he/she can change the teaching strategies to get a mark in a chosen square in
the taxonomy. The tip has to be in relation to a special question and is also static information. In Figure 8 a proposal is
given regarding how to reach D5 for a follow-up question related to projects in question 5 (in Table 4).

=101 x|

‘-‘:.) Feedback - Mozilla Firefox

* Iy result in relation to Procedural Enowdedge/Appl

How you answered these questions effect your result in
Procedural Enowledgel Apply:

{uestion 2
At what level do I want my students to perform? ¥You answered:

Application, i.e. the ability fo use ideas in particular and concrete sifuations,
In Application, the students must use theit Procedural knowledze and Apply it
because they must know how to use their ideas in real situations.

{uestion 3
What class activities will help my students meet these goals and levels?
You answered:

Labaratory excercisesiexperimenis.
When the students do laboratory excercises they will acguire Procedural knowledze
hecause they have to kiwow how to complete their task They need alzo to be able to
Apply their knowledge to complete the task

Cluestion 5§
What assignments will T use to evaluate my students’ success with these
goals? You answered:

FPrajects
To do a project, the students are requited to vee Procedural knowledoe and also it
teguires that the students Apply their knowledge to other projects.

+ The meaning of Procedural Knowledge/Apply Show |

+ Tips for improving Procedural Enowledge/Apply Show |

Figure 5. Explanation of why Mentor has marked C3 in relation to answers to different questions.
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\':} onceptual Knowledge - Mozilla Firefox . 10l x|

+ Conceptual Enowledge

Conceptual Enowledge 13 knowledge of complex and organized knowledge
form. It mcludes knowledge of classffications and categories, principles and
generalizations, and theories, models and structures.

Figure 6. An explanation of conceptual knowledge.

'ﬁ_} Feedback - Mozilla Firefox i -0l x|

+ DIy result in relation to MMeta-cognitive knowledge/Analyze Show I

+ The meaning of Meta-cognitive knowledge/Analyze|

This refers to knowledge about cognition in general as well as awarenes of
knowledge about one’s own cognition i relation to analyang, This
encompasses strategic knowledge about methods for breaking material into its
constituent parts and determening how the parts relate to one another as well as

to an overall structure or purpose.

+ Tips for improving Meta-cognitive knowledge/Analyze Show |

Figure 7. An explanation of analysing knowledge on a meta-cognitive level.

=10l x|

* My result in relation to MMeta-cognitive knowledge/Evaluate Show I

¢+ The meaning of eta-cognitive knowledge/Evaluate Show |

+ Tips for improving Meta-cognitive knowledge/Evaluate| ‘Hide:

Proposal related to a project to reach evaluation at a tmeta-cognitive level: The
students could carry through a project where the method may not be specified.
The project should be documented by the students. Moreover,a recommendation
iz that the students in the end present the project, evaluate another group’s

project and compare the two.

Figure 8. Suggestions for a project related to DS5.
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Our goal is that Mentor should support the teacher’s reflection over the result through the different kinds of feedback
and explanations. Furthermore, working with the system can be a continuous process; the system “remembers” what
the teacher has answered at earlier sessions and the teacher can update with new information.

4 Mentor’s architecture

Mentor is a knowledge system, which can perform problem solving based on knowledge within a restricted domain. In
a support system it is important that the system comprises both the knowledge needed for the reasoning and the context
to this knowledge. Moreover, this is vital if the user should be able to learn during the session with the system (Edman,
2001).

The notions of conceptual and inferential context are introduced (Edman & Hamfelt, 1999; Edman, 2002). The
conceptual context is, e.g., different kinds of explanations of the domain knowledge, figures showing relations between
objects and conclusions and conceptualisations of the domain. The inferential context mirrors the problem solving.

In the design we have presented five different kinds of feedback:

(1) Blooms revised taxonomy after the teacher has answered all questions about his/hers teaching strategies
(Figure 4).

(2) Explanation why a square in the taxonomy is marked (Figure 5).

(3) Explanation of a concept in the knowledge dimension or the cognitive process dimension (Figure 6).

(4) Explanation of a square in the taxonomy, i.e. a combination of the knowledge and cognitive process
dimension (Figure 7).

(5) Proposal how to reach a square in relation to a special question (Figure 8).

The feedback in (1) — (2) are dynamically generated related to what the teacher has answered during the session and (3)
— (5) show static explanations. The first two can be seen as the inferential context, related to the current reasoning in
Mentor, and the other three are parts of the conceptual context which is always present. Presentation of the conceptual
context is in Mentor based on an informal theory, IT, see Figure 9. The domain context representing the problem solving
knowledge is called the object theory, OT. This refers to, e.g., how to evaluate the teacher’s answers and map it to the
taxonomy. Information generated regarding the inferential context is based on both OT and IT. OT is used for the actual
reasoning, but IT comprises the knowledge that can be presented regarding the result. A metatheory, MT, performs
the reasoning in the system. MT carries out the reasoning based upon the problem solving knowledge in OT, and the
user’s knowledge and also integrates the user’s answers in the system. Moreover, MT generates and presents domain
knowledge based on the inferential and conceptual context respectively.

-presents the context
-integrates user input
-performs the problem solving

Metatheory
MT

USER

Informal
theory
IT

Problem solving
knowledge

Domain
context

Figure 9. Mentor’s architecture.
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In OT, general domain knowledge may be represented as facts, heuristic rules for reasoning within the domain, meta-
rules, i.e., rules about rules, structured objects, and decision tables (Awad, Ghaziri, 2004). We have chosen to use
heuristic rules. Some of these are presented in Figure 10 and 11. A rule consists of a conclusion and premises, where
the premises state the prerequisites needed to be able to show the conclusion. The rules 100 — 102 describe some of
the relations between the teacher’s answers and the taxonomy. Rules 200 — 201 are based on other rules counting the
number of matches in every square in the taxonomy. These rules evaluate the teaching according to the distribution
in the taxonomy and rule 300 give a conclusion regarding the teaching strategies. The confidence in the conclusion is
described in parenthesis. It is often the case that a heuristic rule does not categorically describe that the conclusion is
true or false.

The domain knowledge is based on literature in pedagogy, interviews with pedagogues and our own experiences
(university teachers since 1979 and 2001 respectively).

Rule 100 Foule 200
Taxonomy AllF Teachung “up to D5 (with probabaidy) IF
Quizzes = "yes” Humber in taxonomy D4 > 4 AND
Humber in taxonomy D5 > 3AND
Rule 101 Humber in taxonomy C5> 5
Taxonomy B2 IF Fule 201
Oral presentation = "yes” Teachng "up to D5 (with possbiliy) IF
Humber in taxonomy D4 =2 - 4 AND
Rule 102 Number in taxonomy DS = 2 <3 AND
Taxonomy C3IF Humber in taxonomy C3 = 3= 35
Project = "yes” AND :
Level of descnption = "thorough™ AND Fule 300
Documentation = "':'-e s" AND Teachung strateges "with hugh diversity™ (very
Oral presentation = "no” AND probable) [F _ _
Evaluating other projects = "no"” Teaching