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Pictorial illustrations in intelligent tutoring systems: Do they
distract or elicit interest and engagement?

Ulrike Magner, Rolf Schwonke, Alexander Renkl, Educational and Developmental Psychology, University of
Freiburg, Germany
Email: ulrike.magner@psycholgie.uni-freiburg.de, rolf.schwonke@psychologie.uni-freiburg.de,
renkl@psychologie.uni-freiburg.de
Vincent A.W.M.M. Aleven, Octav Popescu, Human-Computer Interaction Institute, Carnegie Mellon
University, USA
Email: aleven@cs.cmu.edu, octav@cmu.edu

Abstract: Do pictorial illustrations distract from learning and, thus, decrease learning
outcomes, as suggested by Cognitive Load Theory and Cognitive Theory of Multimedia
Learning? Or can pictorial illustrations trigger interest and thereby enhance the willingness to
learn as suggested by interest theories? Although these approaches seem to contradict each
other, we assume that they are compatible: Pictorial illustrations may hamper short-term
learning but raise interest and engagement so that in the medium run learning may be
enhanced. In order to test our “integrative” hypothesis, we explored the potential of different
types of pictorial illustrations to trigger situational interest in the context of geometry learning.
Results showed an effect of pictorial illustrations on the interestingness of geometry problems.
In addition, interest in further learning with the computer-based learning environment was
higher with pictorial illustrations than without. On the other hand, interest in deepening
geometry knowledge was reduced when illustrations were added.

Introduction

Most (German) mathematical textbooks are full of pictorial illustrations. Does this make sense given that such
pictorial illustrations may be “seductive details” that impede learning (Harp & Mayer, 1997, 1998)? Or do they
actually enhance interest and, thereby, the willingness to engage in learning? Weidenmann (1991) suggests that
pictorial illustrations have different supporting functions such as activation, construction, or focusing special
aspects of the learning materials. In addition, Anglin, Towers, and Levie (1996) suggest in their review that
pictorial illustrations—beside their compensatory, cognitive, and attentional functions—also have an affective
function in learning.

Contrary to these assumptions on the beneficial functions of pictorial illustrations, Cognitive Load
Theory (Sweller, 2005)-which assumes that many difficulties in learning are due to unnecessary (i.c.,
extraneous) working memory load—postulates a number of potential negative effects of pictorial illustrations
(Sweller, van Merrienboér & Paas, 1998): Redundancy effect (i.e., when different sources such as pictures and
text provide the same information and, thus, induce unnecessary processing demands), split-attention effect (i.c.,
extraneous load due to difficulties in mapping text and pictures), and extraneous load due to irrelevant
illustrations that do not contain essential information. Similarly, Cognitive Theory of Multimedia Learning
(Mayer, 2005) predicts that words, illustrations, or sounds which are not relevant to the central learning goals
should be omitted (e.g., Harp & Mayer, 1997, 1998). In addition to the redundancy effect (Mayer, Heiser &
Lonn, 2001; Moreno & Mayer, 2002) and split-attention effect (Mayer & Moreno, 1998; Moreno & Mayer,
1999; Moreno, Mayer, Spires, & Lester, 2001) Mayer and Moreno (2003) refer to the coherence effect (e.g.,
unnecessary load through interesting but extraneous material). In conclusion, learning materials should be as
concise as possible (Mayer & Moreno, 2003). Both theories suggest eliminating any redundant or decorative
elements. Accordingly, computer-based multimedia environments should not contain redundant or decorative
pictorial illustrations.

In the last years, however, even cognitive load researchers increasingly call for the consideration of
motivational and emotional aspects (e.g., Zander, Briinken, 2009; Paas, Tuovinen, van Merrienboér & Darabi,
2005; van Merrienboér & Ayres, 2005). Against this background, the construct of interest seems especially
relevant (Tulis, 2009; Krapp, 1999, 2000; Krapp, Hidi & Renninger, 1992). It comprises a value-related and
emotion-related component (Schiefele, Krapp, Wild & Winteler, 1992). Hidi (2000) distinguishes between two
different, but linked types of interest, individual and situational interest. Individual interest is defined as a
relatively stable predisposition, whereas situational interest arises as a reaction to environmental input, for
example, visual and auditory (Krapp, 1999). Research has shown that (situational) interest eases comprehension
(Hidi, 2001) and learning (Ainley, Hidi & Berndorff, 2002; Hidi, 2001; Schiefele, 1998). Explanations for such
effects include deeper processing, and a higher degree of cognitive organization (Ryan, Connell & Plant, 1990).
Interest is also positively related to persistence (Ainley, Hidi, 2002; Ainley, et. al., 2002), activation (Schiefele,
1990), and elaboration (Krapp, 1999; Schiefele, 1996, Ryan et al., 1990). Furthermore, it is essential for
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engagement in learning (Anderman, Noar, Zimmerman, & Donohew, 2004). Examples of factors that trigger
and maintain situational interest are novelty, concreteness, and visual imagery (Hidi, 2001). Most results on
situational and individual interest were found in the context of learning from text. Concreteness, a personally
relevant context, ease of comprehension, and unexpected information (see Anderson, Shirey, Wilson &
Fielding, 1987; Hidi & Baird, 1986, 1988) are, for example, factors that trigger and maintain situational interest
in text learning. One way to adapt these aspects to computer-based multimedia environment is the use of
concrete, meaningful and relevant context oriented pictorial illustrations.

Although the different theoretical perspectives on potential effects of pictorial illustrations seem to
contradict each other, we assumed that they are compatible: Pictorial illustration may hinder short-term learning
outcomes but can raise interest and engagement so that in the medium term learning is enhanced. As a first step
in testing our “integrative” hypothesis, we conducted a study to explore the following aspects: First, we were
interested whether pictorial illustrations can actually increase situational interest. Second, we wanted to identify
sets of pictorial illustrations that do or that do not enhance situational interest in the domain of geometry. These
pictorial illustrations will subsequently be used to test the integrative hypothesis in the context of learning with
intelligent tutoring environments (here: Cognitive Tutors; Koedinger & Corbett, 2006). Up to now, most of the
interest research has been conducted in the context of learning from text (Anderson, Shirey, Wilson & Fielding,
1987; Hidi & Baird, 1986, 1988). Our third goal was to test whether and how the four factors mentioned above
would affect situational interest for the case of pictorial illustrations in the context of tutoring environments. A
last goal was to identify potential relationships between picture-induced interest and the willingness to work
with a picture-enriched computer-based learning environment as well as the willingness to deepen geometry
knowledge.

Method

Participants and Design

Participants were 87 students (52 female, 35 male) from grade 8 of a German secondary school (age: M = 13.9
years; SD = 0.6). In a within-subjects design, students evaluated screenshots showing geometry problems with
and without pictorial illustrations. In order to be able to evaluate a larger number of pictorial illustrations, we
used a multi-matrix-design with eight questionnaires. Within each questionnaire one half of the screenshots
corresponded to another half of the screenshots of another questionnaire.

More specifically, the main part of the questionnaire consisted of fifteen screenshots of a computer-
based learning environment on the topic intersecting lines (mathematical principles: angle addition, vertical
angles, linear pair, and complementary angle). Each screenshot showed a word problem and a corresponding
line drawing. The problems varied in the number of sub-problems (one to three). Eleven of the fifteen drawings
included pictorial illustrations that—from an instructional designer's point of view—were mainly decorative (i.e.,
without explicit instructional functions such as providing information or activating relevant schemas). The
remaining four drawings did not include a pictorial illustration. However, each of these four drawings
corresponded to one of the drawings that included a pictorial illustration.

Materials
The screenshots were taken from a Cognitive Tutor Geometry (Koedinger & Corbett, 2006). The Cognitive
Tutor is an Intelligent Tutoring System based on cognitive theory (Anderson, Corbett, Koedinger & Pelletier,
1995). Cognitive Tutors promote learning by tutored problem solving. They provide step-by-step feedback
adapted to the actual knowledge level of students. Cognitive Tutors are successfully applied in a diverse set of
domains such as mathematics, genetics, and computer programming (for an overview, see Anderson et. al.,
1995; Koedinger & Corbett, 2006).

All pictorial illustrations were drawn from a pool of 44 illustrations. They showed real-life situations
(e.g., sitting in front of computer, gables, and compasses). In the first part of the questionnaire, each page
contained a screenshot of a geometry problem from the Cognitive Tutor lesson either with or without pictorial
illustration (see Figures 1 and 2). Students had to rate the interestingness (adapted from Schiefele, 1990) of the
screenshots on two different subscales (nine point Likert scales). The first subscale referred to the emotion-
related component of interestingness, the second subscale to the value-related component (see Figures 1 and 2).
The emotion-related component was assessed by the three items Excitement, Entertainment, and Boredom, the
value-related component by the items Usefulness, Worthless, and Unimportance (similar items were used by
Schiefele, 1990). Furthermore, for each screenshot the students rated (on nine point Likert scales) the previously
mentioned four potential factors for interest (concreteness, ease of comprehension, unexpected information, and
personally relevant context; see bottom part of figure 1 and 2).

Further questions (to be rated on five point Likert scales) referred to willingness for further learning
with the computer-based learning environment (enriched with pictorial illustrations), willingness to deepen
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geometry knowledge, individual topic interest related to the content of the pictorial illustrations, to computer
knowledge and mathematics knowledge and demographic characteristics.
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Figure 1. Page without pictorial illustration. Figure 2. Page with pictorial illustration.

Procedure

The study was performed in group sessions. The sessions lasted about 28 minutes (Range: 16 - 46 minutes).
First, all students were introduced to the topic of intersecting lines by the experimenter. Then, they received an
example of how to evaluate the screenshots. In order to provide a context as much similar as possible to actually
working with the computer-based learning environment, the students then worked on four geometry problems
(two with line drawings, two with line drawings enriched with pictorial illustrations). Afterwards the students
rated the interestingness of the screenshots and they were asked to rate different potential reasons for their
interest. Finally, all participants answered a set of additional questions (e.g., demographic characteristics).

Results

Our first research question referred to a potential effect of pictorial illustrations on situational interest. A paired
t-test (two-tailed) revealed a significant difference between screenshots (i.e., geometry problems) with and
without pictorial illustrations, #85) = 4.02, p < .001, d = .55. Figure 3 shows that this effect can largely be
attributed to the emotion-related component of interest, #(85) = 6.68, p < .001, d = .88, as there were no
differences in the value-related component, #(85) = 0.85, n.s, d =.11. Therefore, in all further analyses we
concentrated on the emotion-related component (if not stated otherwise).
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Figure 3. Effect of pictorial illustrations on interest (emotion-related and value-related)

Our second goal was to distinguish between the most interesting and the least interesting pictorial
illustrations. We compared the effect sizes between the most interesting pictorial illustrations (upper quarter)
and the least interesting pictorial illustrations (lower quarter). This comparison yielded an effect size of d = .56
for the ninth most interesting pictorial illustration compared to the ninth least interesting one. Pictorial
illustrations rated as “interesting” could be characterized as dynamic (e.g., showing activities such as sailing,
volleyball, or riding). The most interesting picture, for example, showed a sailboat sailing close to the wind.
Pictorial illustrations rated as “non-interesting” could be characterized as static (e.g., showing artifacts such as
compasses, maps, or traffic signs). One of the least interesting pictures, for example, was a canvas. Therefore, it
can be speculated that dynamic attributes are perceived as more entertaining, less boring and more exciting.

Our third goal was to assess whether and how factors that were found to increase interest in texts (i.e.,
concreteness, personally relevant context, ease of comprehension, and unexpected information) could be related
to interest in tutoring environments that are enriched with pictorial illustrations. Table 1 shows that in the
present study each of these four factors correlated significantly with both the emotion-related component and
the value-related component of interest. This result supports the notion that these factors that are related to
interest as induced by texts also have a psychological validity for interest as induced by pictorial illustrations (in
tutoring environments).

Table 1: Correlations between reasons for interest and interest in drawings with and without pictorial

illustrations (N = 87)
Perceived Perceived Perceived ease of Perceived
concreteness personally relevant | comprehension unexpected
context information
Emotion-related | 46*** 53wk S5¥** Kok
Value-related A4xx* A5%k* O3 F** QQ¥**

#HEp < 001,

Against the background of this strong pattern of correlations, we were interested whether and how
these reasons would differ in situations (i.e., geometry problems) in which pictorial illustrations were available
or not. Paired #-tests (two-tailed) showed that concreteness was rated higher in situations with pictorial
illustrations than in situations without, #(85) = 12.24, p < .001, d = -1.76. Similarly, the perceived personally
relevant context was rated higher in situations with pictorial illustrations #(85) = -2.28, p < .05, d=-0.21. There
were, however, no significant differences for ratings of, the ease of comprehension (#(85) = 0.91, n.s., d = .00)
or unexpected information, #(85) =-1.98, n.s., d = -0.20.
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In summary, this pattern of results indicates that decorative pictorial illustrations increased the
perceived personal relevance and perceived concreteness of the learning material, but they did not increase the
perceived ease of comprehension. This latter finding further indicates that the pictorial illustrations might not
have activated relevant schemas as suggested, for example, by Schwartz and Collins (2008).

Finally, we were interested in whether pictorial illustrations can enhance further learning and
engagement. For this purpose, we investigated the relationships between interest in situations with and without
pictorial illustration and both the willingness to deepen geometry knowledge as well as in further learning with
the illustration-enriched computer based learning environment. As can be seen in Table 2, the willingness to
deepen geometry knowledge and the willingness for further learning with the computer-based environment were
positively related to interest ratings (irrespective of the availability of pictorial illustration).

Table 2: Correlations between interest (with/without pictorial illustrations) and the willingness to learn with the
computer-based learning environment and to deepen geometry knowledge (in Parentheses: partial correlations
controlling for individual interest in geometry).

Willingness to learn with the Willingness to deepen geometry
computer-based learning environment | knowledge

Interest (n = 84)

Without pictorial 24% (.15) AS5FEX (36)**
illustration
With pict illustration S4HEE (4T)*** 22* (.04)

*p <.05. **p <.01. ¥**p <.001

Comparisons of the correlation coefficients between mathematical problems with and without pictorial
illustrations, however, showed that the correlations between interest and the willingness to learn with the
computer-based learning environment was rated significantly higher when a pictorial illustration was available
than when it was not, #84) = 2.58, p < .05. This was not the case for the correlations of interest and the
willingness to deepen geometry knowledge, #(84) = 1.89, n.s.

As it can be assumed that students who are generally interested in geometry might not need pictorial
illustration to further increase their interest, we controlled the individual interest in learning geometry. The
difference of the partial correlations (see Table 2, in parentheses) between interest and the willingness for
further learning with the environment remained significant, #(84) = 2.35, p < .05. In addition, the partial
correlation between interest and the willingness to deepen geometry knowledge became significant, #(84) =
2.24, p < .05.

Thus, interest as induced by pictorial illustrations seemed to be strongly positively related to students’
perceptions of the learning environment more than to their willingness to deepen geometry knowledge. On the
other hand, interest as induced by the mathematical problems per se (i.e., when no pictorial illustration was
available) was strongly related to the willingness to deepen geometry knowledge; there was no such relationship
for interest when a pictorial illustration was available. In other words, students who like pictorial illustrations
might prefer to work with a computer-based learning environment but they are not necessarily interested in
deepening geometry knowledge.

Discussion

The main purpose of the present study was to identify pictorial illustrations with the potential to enhance
interest. A secondary purpose was to test whether factors that were found to increase interest as suggested by
text research (e.g., text attributes such as concreteness) might also enhance interest in the context of illustrated
tutoring environments. A final purpose was to explore the relationships between interest and the students'
willingness to engage in further learning.

The results showed that pictorial illustration increased the emotion-related component of interest, but
not the value-related component. This suggests that the illustrations were mainly perceived as decorative but not
as informative. Furthermore, our findings also suggest that interest-evoking attributes as identified in text
research can be transferred to interest research with pictorial illustrations (in the context of tutoring
environments), at least in part: The pictorial illustrations did not—according to the learners' perception—enhance
comprehension or provide unexpected information. However, they were perceived as making the geometry
problems more concrete and to provide a personally relevant context. These results are first indications that
pictorial illustrations do not give a semantic context and, therefore, activate certain schemas which support
learning (Schwartz & Collins, 2008). Further steps to investigate not only the perceived ease of comprehension,
but real comprehension (in terms of conceptual and procedural knowledge) will be taken in a subsequent study.

Interestingly, the more the students perceived the pictorial illustrations as interesting the higher was
their willingness to learn with a picture-enriched computer-based learning environment. Contrary, interest in
pictorial illustrations was unrelated to the willingness to deepen geometry knowledge (especially when the
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individual geometry interest was held constant). The willingness to deepen geometry knowledge was rather
related to interest in mathematical problems without pictorial illustrations. It can be speculated that students
might have realized the “decorative” aspect of the pictorial illustrations, and thus, perceived them as irrelevant
for further engagement in learning geometry. In conclusion, interesting pictures might primarily influence how
much students engage in further working in a learning environment, but not necessarily how much they engage
in concentrating on the learning content. In these respects, the present findings quite well reflect the
contradictive positions between interest research and cognitive research. As suggested by interest research,
pictorial illustrations can enhance interest and the willingness to learn. At the same time, however, students can
perceive pictorial illustrations as irrelevant for deepening geometry knowledge, as suggested by the cognitive
research.

A restriction of this study was that we did not measure learning outcomes. Moreover, the students did
not work in a real computer-based learning environment (e.g., a Cognitive Tutor). Therefore, our conclusions
are based on self-assessed measurements. An interesting question with respect to learning outcomes arises from
the finding that interest elicited by decorative pictures seemed to foster the willingness for further working with
a picture-enriched computer program but not to deepen geometry knowledge. If the learners would actually
show certain persistence in working with an illustrated computer program, but without intentions to deepen the
geometry knowledge, would this nevertheless deepen their understanding? A follow-up experiment (in
preparation) will address this question. In addition, it will explicitly test our integrative hypothesis stating that
pictorial illustration may hinder short-term learning but may raise interest and engagement so that in the
medium term learning is enhanced. In order to test this assumption, we will compare three experimental groups
(students from the 8" grade) working in a Cognitive Tutor Geometry (topic of intersecting lines): one group
with interesting pictorial illustration, one with non-interesting pictorial illustrations (control of picture effects),
and one group without any pictorial illustrations. While working with the computer-based learning environment
the students will rate the interestingness of the pictorial illustrations after each geometry problem. Before and
after the learning phase a geometry knowledge test (conceptual and procedural knowledge) will be
administered. In addition, data on interest and mood experiences will be collected. During the two weeks
between the immediate posttest and a delayed posttest the students will have the opportunity to deepen their
geometry knowledge by studying a small geometry booklet (at home). The delayed posttest will be very similar
to the first posttest but will additionally include problems from the booklet. We assume that in the immediate
posttest learners will be best off without pictorial illustrations. For the delayed posttest, we expect, however,
that interesting pictorial illustrations will lead to superior learning.
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Abstract: This paper presents a framework model that defines learning and knowledge
building as a co-evolution of cognitive and social systems. This model brings together
Scardamalia and Bereiter’s theory of knowledge building and Nonaka’s knowledge creation
theory. We demonstrate how learning and knowledge building may occur when people
interact with each other, using shared digital artifacts such as tag clouds (that result from
social-tagging activities) or wikis. For both technologies, we provide illustrating data from
two pilot studies. As an example, we refer to the learning processes that take place while
searching for information in tag clouds. In addition, we illustrate processes of knowledge
building by referring to users working on a wiki. In conclusion, the differences and
similarities between these technologies are assessed, regarding their potential for knowledge
building.

Introduction

Recent developments of software technology have made new tools available, which are of great importance for
computer-supported collaborative learning and knowledge building. They provide new opportunities for
learning and knowledge building, because they are capable of facilitating the interplay between individual and
collective processes. These technologies are associated with social-software systems. Social software is a term
for software systems that support human communication, collaboration, and interaction in large communities
(Kolbitsch & Maurer, 2006). They facilitate the establishment and maintenance of self-organizing communities
and social networks (Koéhler & Fuchs-Kittowski, 2005; Wasko & Faraj, 2005). Social software is mainly
associated with Internet communities, but may also be applied in educational contexts (Notari, 2006; Wang &
Turner, 2005). We believe that social software has a great potential in the field of learning and knowledge
building.

For a long time, psychological and educational research have examined individual learning and
collaborative knowledge building as two separate things (for an early systematic model of collaborative
knowledge building cf. Stahl, 2000). We propose that software tools are now able to support “interdigitation”
and, so to speak, a “merger” of individual and collective knowledge processes. This new development of
software technology also calls for a new theoretical framework, in order to focus on the tight conjunction
between individual learning and collective knowledge building, in the sense that the knowledge of individuals
and of a community may cross-fertilize and mutually support the development of each other. The aim of this
paper is to provide such a theoretical framework. For this purpose, we will present and bring together two
theoretical approaches.

The first approach is Scardamalia and Bereiter’s (1991) theory of knowledge building. It deals with the
mechanism through which a community of learners will manage to develop knowledge jointly. This approach
was already based on the use of computer technology, and it emphasized the impact of epistemic artifacts on
knowledge building. So it appears to be quite a suitable theory to explain how social software can support the
development of collective knowledge. The second approach is Nonaka and Takeuchi’s (1995) knowledge
creation theory. Its focus is on the building and transfer of tacit knowledge. This approach is very popular in
literature on knowledge management, but has hardly received attention in educational research and the learning
sciences. Although Nonaka’s model does not explicitly mention computer support and the creation of artifacts,
we believe that the major underlying ideas of this model are very useful to explain some details of knowledge
building with social software.

We will finally present our own co-evolution model of cognitive and social systems. The model takes
into account social processes that are facilitated by a collaboratively developed technical artifact and, at the
same time, cognitive processes of the individual users. Our model demonstrates how these social and cognitive
processes will mutually influence each other. It is a theoretical framework which integrates many of the
processes that have been described by the theory of knowledge building and the theory of knowledge creation.
After a more general description of what we mean by “co-evolution” of cognitive and social systems, we will
provide two examples of social-software technologies, and present some empirical data to demonstrate how
these technologies can support this process of co-evolution. For this purpose, we will describe the use of social-
tagging systems and the application of wikis. Each of these technologies creates a unique kind of artifact, which
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supports, in its own specific way, those processes of knowledge building which we have described. In
conclusion, we will assess the differences and similarities between these technologies, regarding their potential
for knowledge building.

Theories of Knowledge Building and Knowledge Creation
Scardamalia and Bereiter have proposed a theory of knowledge building (Bereiter & Scardamalia, 1996;
Scardamalia & Bereiter, 1996, 1999, 2003). Knowledge building is defined as a socio-cultural process, which
takes place in a community and aims “at producing something of value to the community — theories,
explanations, problem formulations, interpretations, and so on, which become public property that is helpful in
understanding the world” (Scardamalia & Bereiter, 1999, p. 276). Scardamalia and Bereiter consider knowledge
building as a collective creation of public knowledge. They compare learning in classrooms to learning in
knowledge-building communities, such as research laboratories (Bereiter, 2002), and conclude that knowledge
building should be rendered possible in all communities. Educational software, such as CSILE (Computer-
Supported Intentional Learning Environments) or Knowledge Forum, can support knowledge building. These
environments provide shared databases as collaborative design spaces. Here, all participants may contribute
their own theories, models, examples, visualizations, notes, and other epistemic artifacts. The design space
supports mutual citing and referencing, in order to initiate a dynamic and self-organized process in which ideas
are formulated, discussed, revised, or rejected. The design space visualizes this collective improvement of ideas.
Accordingly, there is a set of requirements that have to be fulfilled to make successful knowledge building
possible (Hewitt & Scardamalia, 1998; Scardamalia, 2002). All members of a community should contribute to
the advancement of knowledge, and learners in a community should be concerned with authentic real-life
problems. Advancing knowledge should be regarded as an improvement of ideas, not a search for a perfect or
true solution. Learning is regarded as a discourse-oriented process, in the sense of common problem solving.
Nonaka’s knowledge-creating theory (Nonaka, 1991, 1994; Nonaka & Takeuchi, 1995) is also
concerned with innovation. This theory emerged from research on knowledge management, and it regards
knowledge dissemination as one of the aims of any knowledge organization. But the authors assume that within
an organization only little knowledge is available in the form of explicit knowledge. Most knowledge is
contained in the experience of individuals, and as such it is facit knowledge (Polanyi, 1966). Tacit knowledge
can hardly be expressed verbally, so this type of knowledge is difficult to transfer to others. But effective
knowledge creation requires such a transfer. In order to describe how a transfer of tacit knowledge takes place,
the authors refer to four processes, which build on each other in a dynamic way: socialization, externalization,
combination, and internalization. Socialization is a process in which the experience of an individual is shared.
Tacit knowledge can only be communicated from one person to the other through direct experience. Experience
may be transferred by observation and imitation, and, as a result of this transfer, the observer acquires new
knowledge, but this remains tacit. So a process of externalization is necessary. It consists of the articulation of
tacit knowledge and the transfer from tacit to explicit knowledge. At this stage, new concepts are formulated
using tacit knowledge. When knowledge has been made explicit, then it can be combined, in order to develop
new knowledge within an organization. So, combination refers to connecting and giving a new structure to
explicit knowledge. Such combination is supported by interpersonal sharing of knowledge. Explicit knowledge
will then, once more, become tacit knowledge through a process of internalization. This conversion is an
individual process, in which explicit knowledge becomes part of that person’s personal knowledge.
Internalization will occur through learning by doing. Nonaka has formulated the idea of a knowledge spiral in
which socialization, externalization, combination, and internalization succeed each other. The spiral allows the
inter-individual transfer of knowledge and, at the same time, the creation of new knowledge, through a
combination of externalized knowledge which was previously tacit.

Co-Evolution Model of Cognitive and Social Systems

The authors of this paper have introduced a theoretical model of individual learning and collaborative
knowledge building (Cress & Kimmerle, 2007, 2008; Kimmerle, Moskaliuk, & Cress, 2009; Moskaliuk,
Kimmerle, & Cress, 2008). In this model, collaborative knowledge building is described as an interplay between
cognitive systems and a social system. Just like Scardamalia and Bereiter, we think that knowledge building is a
central issue in modern knowledge societies. Consequently, our model is basically predicated on the ideas of
Scardamalia and Bereiter. But our considerations go beyond those of these authors, as we focus equally on
individual learning processes and on the collective development of knowledge. And as far as social software is
concerned, epistemic artifacts are not only considered as a means to an end, but also as an end in itself, because
we are convinced that collective knowledge manifests itself in shared digital artifacts. The model borrows, so to
speak, from systemic and from cognitive approaches. Its main assumption is that knowledge building can only
be understood if the interplay between individuals and the collective is taken into account. From a systems-
theoretical point of view — in the sense of Luhmann (1995) — the cognitive systems of individuals are different
from a social system, which is (in our theory) represented by a shared digital artifact (Cress & Kimmerle, 2008).
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Cognitive systems and social systems have different kinds of operations. Due to their different modes of
operation, both systems cannot simply merge. But one system can affect the other one in its development by
irritating it. Each system can provide its own complexity for the development of the other.

The co-evolution model of cognitive and social systems (Cress & Kimmerle, 2008) is based on this
systemic view, and it describes learning processes and knowledge-building processes as reactions of a system to
irritations. Irritations are interpreted, in the sense of Piaget (1977), as cognitive conflicts, and the assumption is
that cognitive systems will develop when people solve such cognitive conflicts. A cognitive conflict exists when
people’s prior knowledge and information which they receive from their environment are somewhat
incongruent. Cognitive conflicts can be solved by processes of equilibration. There are two types of such
equilibration processes: people will either assimilate information, i.e. they simply add new information to their
prior knowledge; or they will accommodate their prior knowledge to new information. In either case, people
will somehow have to internalize information from their environment. In this way, their cognitive system
becomes more complex. This development of a cognitive system refers to what is traditionally called learning.
These two processes represent two types of internalization from the social system, i.e. both assimilation and
accommodation support the development of cognitive systems. The model states that processes which take place
in a cognitive system by means of internalization will take place analogously in a social system by means of
externalization. Through externalization, a cognitive system can bring that person’s own individual knowledge
into the shared artifact. People do not only internalize information from their environment into their cognitive
systems, but also externalize their knowledge. This means, just as individuals can learn by internalizing new
information, social systems can also learn by incorporating information, and social systems can develop new
knowledge by assimilation or accommodation respectively. They can develop by just adding new content
(assimilation) or by changing their own structure (accommodation). We propose that emergent effects usually
occur through such accommodations of artifacts. This external accommodation leads to a higher complexity of
the shared digital artifact and, accordingly, to new equilibration processes in other people’s cognitive systems.
Thus, the users’ knowledge supplies the artifact’s content, and the artifact itself provides its users with new
information and releases new cognitive conflicts. What is important here is that the processes of internalization
and externalization, or of individual learning and knowledge building respectively, are not independent from
each other. It is always a matter of internalization and externalization, i.e. of continuous exchange processes
between cognitive systems and the social system. In this way, there exists a mutual development of cognitive
and social systems, and this is what we refer to as co-evolution (cf. Figure 1).
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Figure 1. Co-evolution of cognitive systems (‘CS’) and a social system, i.e. an artifact (‘A”’).

We can now apply the four processes, as they were described by Nonaka, to this model of knowledge building
with shared artifacts. For this purpose, we translate the processes of making tacit knowledge explicit, and vice
versa, into processes of externalization and internalization. This will help us to understand exchange processes
between cognitive systems and the social system in more detail. Externalization can then be described by those
processes which Nonaka has labeled externalization and combination. When people introduce their own
knowledge into a shared digital artifact, they will have to articulate their knowledge, i.e. they need to couch
their cognitive concepts in words. For this purpose, they have to translate their knowledge into a form that is
generally understandable and intelligible to all. People have to consider the information which is already
available in an artifact in order to integrate their own thoughts adequately. Internalization combines the two
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processes which Nonaka calls internalization and socialization. When people incorporate information from a
shared digital artifact, they “dig around” for information by browsing the artifact. In this way, they gather and
collect relevant information, which they have to transfer into their own cognitive structures. In the following we
will explicate these processes by referring to two concrete examples of shared digital artifacts. The first example
— social tagging — considers the process of internalization, the second example — wikis — will take a closer look
at externalization.

Examples of Social-Software Supported Knowledge Building

We present our notions by providing two examples that use new software technology. The first one will
illustrate the interplay between individual and collaborative processes by analyzing social-tagging activities and
the processes which may be supported by social tagging. Then, we will describe how wikis can contribute to
knowledge building. For both technologies we point out their potential as learning environments, and
demonstrate the processes of internalization and externalization. For this purpose, we provide some empirical
data from two pilot studies: processes of internalization (individual learning) will be illustrated by a reference to
searching for information in tag clouds; processes of externalization (knowledge building) will be demonstrated
by quoting contributions of people who worked on a wiki.

Social Tagging

Social tagging has become a standard feature of many social-software tools, and it has potential to play a role in
learning scenarios (Marlow, Naaman, Boyd, & Davis, 2006). The term tagging describes the annotation of
digital resources with keywords (Golder & Huberman, 2006). These resources are primarily objects in virtual
environments, like the Internet or intranets, and they may include web sites, photos, videos, research papers, or
other pieces of digital information. The keywords (or tags) may be chosen by its users, and they represent the
users’ associations concerning the objects. Tagging is used on platforms which offer file sharing within a
community, or which support users in organizing their own stored resources. The labeling of items with tags
may facilitate search processes and the retrieval of information on these platforms, not only for individual users,
but also for the benefit of others. The term social tagging refers to this social context in which tags are used, and
in which all members of a community may benefit from them. Most of the social-tagging systems allow each
user to tag all available resources individually and independently. In this way, all tags in a community that
concern a particular object may be aggregated, and a large set of metadata for that resource may come together.
This accumulated collection of tags (or metadata) represents the users’ connections, concepts, or categorizations
for items, and builds a jointly created artifact of keywords that refer to a specific resource. The World Wide
Web provides loads of information and many opportunities for acquiring knowledge. This can take place as an
individual and independent learning process, beyond formal educational settings. Users may browse through the
information space of the Internet, and access information on virtually any topic of interest. Limitations lie
mainly in the overwhelming amount and inconsistent quality of that information. Social-tagging systems can
help to overcome these problems and provide a tool for structuring and filtering information.

When dealing with social-tagging systems, individuals have the opportunity to externalize their own
knowledge and, at the same time, they also may internalize information. In the process of externalization, users
add tags to specific resources and describe the object with their own set of keywords. For this activity of
creating tags, users have to articulate their own cognitive concepts of an item, and transform them into
keywords. When people add tags, they externalize their knowledge about a resource. They focus on the essential
concepts of an item, and may, consequently, elaborate on the resource more thoroughly. The additional
cognitive effort which is involved here will induce processing of information in such a way that individual
learning takes place. The creation of tags and externalization of cognitive concepts can lead to knowledge
building (Budiu, Pirolli, & Hong, 2009): the artifact of metadata develops in a step-by-step incremental process
of individual tagging. All individual tags of a community are summed up in one accumulated artifact of
keywords. A single user has only a marginal influence on the whole product. The artifact depends on the
tagging activities of numerous people, and tag clouds will only emerge from a large quantity of added
keywords. As the artifact grows, it represents the most important related concepts and connections that concern
a resource or a keyword.

In the process of internalization, people integrate new information into their cognitive systems. In a
social-tagging environment, users will browse a web site in order to explore relevant resources. For this purpose
they may use tags as an orientation and searching device. The jointly created artifacts of metadata, typically
visualized as tag clouds, help them to navigate through the information space and find relevant information
related to the tags. In this process of browsing, the users of the system will become aware of the keywords that
were annotated by other users. In this way, the users incorporate information about the concepts and
categorizations of an object, and learn how other users have classified that resource. Moreover, the artifact of
tags may show interconnections between resources and concepts that may previously have been unknown to the
individual user. The information which is represented in the metadata of tags can lead to knowledge acquisition
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and a change in the cognitive structures of individuals. People can be made aware of new information and
incorporate the community’s concepts and categories (Fu, 2008). These concepts and connections may differ
from individual cognitive structures, and if they do, individual knowledge may increase and new understanding
may develop. This process of learning may be defined as assimilation or accommodation of knowledge.
Assimilation describes the process of merely adding new pieces of information to previously existing
knowledge. This happens when people acquire additional facts about a subject, but do not significantly change
the underlying structure of the cognitive concepts involved. For instance, when users learn new tags and related
concepts which are in accordance with their prior knowledge about a certain resource, this will extend their
factual knowledge, but they will not form a new concept of this subject. The following example will illustrate
this process. The data are taken from a pilot study with university students. Participants had to find out what
“EMDR (eye movement desensitization and reprocessing)” means, by searching and browsing for information
only with the help of tag clouds and, at the same time, they had to think aloud. The following transcript from the
thinking-aloud audio protocols (translated from German) is an example of assimilation:

“Yes, this is a form of psychotherapy, I know that, that’s why I click on ‘therapy’ [...] yes,

exactly, and there is ‘treatment’, there I will get it in more detail [...] okay, now, here is

‘trauma’, it has something to do with that [...] and with ‘anxiety’ [...] and it could also be

about ‘stress’ [...] .

This participant expanded his knowledge, but he relied very much on his prior knowledge (that EMDR
is a form of psychotherapy). So he specified his knowledge: later, he knew what this therapy is used for (the
treatment of post-traumatic stress disorder). Previously existing knowledge was supplemented, but the
knowledge structure did not have to be changed. In contrast to this process of assimilation, accommodation
takes place when a qualitatively new understanding of a subject develops and prior knowledge is transformed. If
other people use very different tags from those that this particular user would have applied, then it is obvious
that specific resources or tags are related to very different concepts. So users may learn that their associations on
a subject or topic were incorrect, and may change their cognitive concepts accordingly. Another sample from
the thinking-aloud protocols of the pilot study will illustrate the accommodation process:

“I think it is about an eye movement disorder [...] okay, here is ‘movement’, I click on that

[...] now there is ‘desensitization’ [...] now ‘reprocessing’ remains as the biggest tag [...]

and, yes, ‘treatment’ [...] and now it’s about ‘behavior’ and eh? Hm, ‘trauma’? Now I'm

confused, somehow I can’t see any connection. But I would click on that, on ‘trauma’, yes. It

somehow stands out from the crowd [...] ”.

Even though this participant did not find out (in the given time) that EMDR is a form of
psychotherapy, she did understand that her prior knowledge was not adequate, which is an important
prerequisite for accommodation. Another participant had a similar experience, but her gain of knowledge went
even further:

“[...] ‘anxiety’? I'm irritated now [...] I don’t understand [...] I just see that it has something

to do with ‘psychiatry’ and with ‘clinical’ [...] I see, it seems it is about psychology and

psychotherapy, and, although I first thought it was an eye disease [...] ”.

The process of co-evolution of cognitive and social systems takes place when individuals use tags for
browsing and navigating the Internet, and stumble across relevant information and resources. These cognitive
processes of internalization and the retrieval of new information may prompt users to tag the discovered new
resources themselves. In this way, the individuals’ concepts and categorizations are externalized and
incorporated into the artifact of metadata, and the whole system evolves (Fu, 2008). All members in a social-
tagging community offer and obtain knowledge, and a continuous process of advancing knowledge takes place.
The community constantly adds new resources and new tags to the artifact, in this way developing new
information, new interconnections, and new ideas. Anyone can contribute and participate in this process of
improvement, which takes up the viewpoints of many different people; the collective as a whole is responsible
for the advancement of knowledge.

Wikis

A wiki is a web page that allows users to change its content online (Leuf & Cunningham, 2001). It is easily
accessible and can simply be used by everyone (Désilets, Paquet, & Vinson, 2005). In a wiki, people may easily
revise all parts of the text, add, change, or delete anything at their discretion (Raitman, Augar, & Zhou, 2005).
In that way, people can form communities that work collaboratively on a certain topic and create new content
(Kohler & Fuchs-Kittowski, 2005; Moskaliuk & Kimmerle, 2009). Wikis may be used in educational contexts
(Notari, 2006; Wang & Turner, 2005) — schools, universities, but also informal learning settings. A wiki lends
itself, for example, to collective work on a scientific topic in school or a university class, particularly if people
tend to have controversial opinions on that topic. In a wiki, those involved can introduce their own points of
view on equal terms. Participants may express opposing opinions, addressing each other, and they incorporate
their own perspective into a coherent text. But such processes of knowledge acquisition and knowledge
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exchange will not only take place in formal settings but also in informal contexts, for example, when people try
to deal with and develop a topic through the Internet. This is a way for them to increase their own
understanding, and they are able to acquire new knowledge. In addition to their individual learning, they also
develop some collective knowledge.

Individuals may acquire new knowledge when they internalize information from the wiki. In order to
incorporate information from the artifact, they will have to start off by browsing for information in a more or
less target-oriented manner. When they have found some relevant information, they will have to transfer it into
their own cognitive system. They will have to treat this information in some way or other to fit it into their own
existing knowledge. So this internalization process allows people to increase their individual knowledge and
gain new insights. This type of individual learning may, again, either take place in the form of assimilation or
accommodation. When people assimilate information, they simply acquire knowledge without developing a
different quality of understanding. Accommodation will occur when they incorporate new information in such a
way that it modifies their prior knowledge. In an accommodation process, people transform knowledge with the
aim of better understanding new information. In addition to this individual learning, as a result of
internalization, there is also a supplementary form of knowledge generation: people will not only internalize
information as it is, but also develop knowledge that is completely new, knowledge that was originally neither
part of the digital artifact nor a component of their individual knowledge. This supplementary knowledge may
develop when people have internalized new information, which will then, in turn, interact with their prior
knowledge. This is the way in which a process of emergence is enabled. In such a situation, collaboration is a
prerequisite for emergent knowledge. People on their own will not be able to develop this kind of knowledge;
they need stimulation by other people. So knowledge processes enabled by a wiki are not simple knowledge-
sharing processes, but collaborative processes of knowledge development.

When people want to contribute to a wiki, they will have to externalize certain aspects of their own
knowledge. People who introduce their own knowledge to a shared digital artifact will have to put some effort
into articulating that knowledge. That means they have to transform cognitive concepts into written language.
Ideally, people will express their thoughts in a way that can easily be understood by others. They need to
consider pre-existing information in the artifact to make sure that they integrate their own thoughts adequately.
When people contribute to a wiki article, this will not only support the development of the wiki itself, but also
its contributors’ individual learning: people who externalize their knowledge will have to elaborate on it. This
cognitive effort helps people to process their own knowledge more deeply, and this, in turn, will broaden their
understanding (cf. the self-explanation effect; Chi, Bassok, Lewis, Reimann, & Glaser, 1989). When individuals
have externalized their own knowledge, the resulting information continues to exist independently from its
contributors. This information may, in turn, be picked up by other users, who may develop it further.

When people introduce knowledge into a wiki, there are two options for incorporating this information
into the artifact. The information is either assimilated or accommodated. It is a matter of assimilation when
information is simply attached to a text that already exists. In this case, new information is not connected to
earlier information. Assimilation means that the previous arrangement of the artifact remains unchanged. An
example will illustrate this process. The data are derived from another pilot study in which participants had to
deal with a wiki text about causes of schizophrenia. The original wiki text was rather one-sided — only
presenting biological causes, such as inheritance — and some participants only added information to the text that
argued along the same lines, even though they had access to a variety of information sources; for example, the
original text stated that an inherited disposition caused schizophrenia, and a participant wrote:

“This is supported by a study of the University of Géttingen about the genetic influence on

suffering from schizophrenia. The results show that the probability of being afflicted with

schizophrenia is increased when someone is consanguineous with a schizophrenic person. The
probability of being afflicted with schizophrenia is 9.35 % for children. Another study with
monozygotic twins shows that...”.

This contribution may be considered an essential addition, because it is important to provide empirical
data for claims and statements. But it contains only supplementary information; it does not provide an
alternative point of view. In a well-organized wiki, however, the process goes beyond such a simple assimilation
of information. An efficient wiki community will endeavor to interpolate new information evenly. A wiki
reflects accommodation if newly-introduced information is not just added to some existing text, but this text is
also re-arranged in a new way. Accommodation has taken place if the article has been re-organized or new
aspects have been integrated into existing information. A further example (by another participant) from the
same study illustrates this accommodation process:

“Beyond biological causes, another potentially interesting reason is the interrelation of

schizophrenia and the social environment. A study collected data about people’s social class,

their profession, education, income, and social situation (period of 2 years) as well as stress

and personal living conditions that have negative psycho-social effects. The results were

unambiguous: schizophrenic persons come from a low social class, have experienced inferior
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education, earn less money and are under considerable psycho-social strain. As a
consequence, it may be concluded that a negative social environment contributes
fundamentally to the onset of schizophrenia.”

People working on a wiki will not only improve their individual knowledge, but may also contribute to
the development of collective knowledge at the same time. Thus, wikis support individual learning, and they
may be an attractive tool for knowledge-building purposes, as described by Scardamalia and Bereiter.
Collaboration with a wiki has the primary goal of advancing knowledge. Processes of externalization and
internalization are going on all the time. In this way, both individual and collective knowledge are being
developed constantly. The cognitive systems of individuals as well as the social system are continuously being
enhanced and advanced, due to these processes of equilibration. All the people involved here can introduce
information, and this information may be treated by each member of the community on an equal footing. A wiki
community gets together when there is a need for jointly developing solutions to some problem which its
members have in common. An idea that is introduced to the artifact will stimulate and inspire another
community member to incorporate, develop, and improve this idea. In this way, concepts and ideas are
developed, and the community and all the individuals involved can expand their knowledge.

Conclusion

In this paper, we have elaborated on a framework in which knowledge building is defined as a co-evolution of
cognitive and social systems. New knowledge may develop when people interact with each other via shared
digital artifacts. It is assumed that collective knowledge becomes manifest in these shared artifacts. In order to
illustrate these processes, we have demonstrated how they work, referring to two examples of social-software
technologies: social-tagging systems and wikis. These allow different degrees of influencing and manipulating
artifacts. Social tagging gives individuals only little scope for manipulating the whole artifact and its content.
They can only add some new keywords or add a tag which has already been used. If many users have
participated, resulting in a tag cloud which is already rather large, one individual contribution will probably not
change this tag cloud very much. In such systems, it is not each individual’s tagging behavior that will directly
define the artifact. Instead, the artifact represents the accumulation of all the tags, giving each user equal impact.
Regarding wikis, there are many opportunities for individual users to influence the artifact’s content. They may,
at their discretion, revise, change, or delete any part of a wiki article. If a user deletes some content, it will not
be part of the shared artifact any more. The current state of a wiki does not represent the sum total of all these
activities, as is the case with tagging systems. Instead, a modified wiki represents only the most recent
interventions. This means that one person who modifies content in a wiki has the opportunity to make the whole
text coherent. So in a wiki, a user can directly deal with incongruities.

To what extent a certain tool is conducive to knowledge building, depends very much on the potential
of that technology to induce cognitive conflicts. In social tagging, productive conflicts are primarily caused by
differences between a person’s internal conceptual structure and that provided by the artifact. Individuals may
solve this conflict mainly by changing their own individual knowledge structure. Wikis provide a high potential
both for the development of cognitive conflicts and for solving them. The content of a wiki may differ
fundamentally from its users’ previous knowledge and understanding. If they want to improve the wiki text,
they need to connect new content by re-organizing and re-conceptualizing it in order to adapt it to the content
that already exists. This course of action will necessarily lead to the development of the shared artifact and to
knowledge building.

To sum it up, this paper shows the potential of social software for learning and knowledge building.
Social-software tools open up specific opportunities to combine individual and collective learning processes.
Such tools are particularly relevant for knowledge-building purposes when they provide opportunities to
influence and manipulate shared digital artifacts and when they have the potential to induce cognitive conflicts.
Future developments of such technologies may benefit from taking these considerations into account.
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Abstract: In an experimental study, we investigated how learning from illustrated texts is
influenced by presentation format (separated format, integrated format, and active integration)
and subject complexity (low, medium and high complexity). Subject matter were biochemical
processes of signal transmission in the human nervous system. A total of 180 students
participated in the study. Results show that the active integration of texts and illustrations can
improve the comprehension of highly complex material, whereas it can have inhibiting effects
for less complex material. The results are discussed with respect to the process requirements
associated with the different presentation formats.

Introduction

Learning material often consists of different representations. A very common combination of representations is
made up of expository texts and illustrations. The beneficial effects of combining texts and illustrations may be
attributed to the fact that they complement each other with regard to their content (e.g., Ainsworth, Bibby &
Wood, 2002), differ with regard to their computational efficiency (e.g., Larkin & Simon, 1987), or constrain
each other’s interpretations (Ainsworth, 2006). Although beneficial effects of learning from combinations of
texts and illustrations have been frequently observed (e.g., Levie & Lentz, 1982), research has also identified
certain difficulties that learners may encounter when processing such combinations. While some of these
difficulties seem to be related to the design of the learning material, others seem to be intrinsic to the learners
such as their prior knowledge and learning preferences. For instance, it is assumed that the design of learning
material may pose unnecessary high processing demands on the learners which, in turn, can lead to an
overburdening of their cognitive capacities (e.g., Sweller, van Merri€nboer & Paas, 1998). With regard to
difficulties intrinsic to the learners, research indicates that particularly those learners with only little prior
knowledge may experience difficulties in relating different representations to each other. This seems to be
especially true if the learning material is of high complexity (e.g., Bodemer & Faust, 2006; Kozma, 2003).
Research also indicates that many learners engage in rather shallow information processing when learning from
texts and illustrations (e.g., Peek, 1993).

In all the cases mentioned, learners do not take advantage of the synergetic effects that texts and
illustrations may provide them and, as a consequence, fail to construct a coherent mental model of the
information presented (cf. Ainsworth et al., 2002). In order to be able to fully exploit the potential of combined
texts and illustrations, learners seem to need instructional support (cf. Ainsworth et al., 2002; Bodemer et al.,
2004; Hegarty, Carpenter & Just, 1991). At least two approaches aiming at such support can be distinguished.
One approach, the design-oriented approach, focuses on improving the design of learning material. A second
approach, the engagement-oriented approach, aims at inducing appropriate mental processes in the learners. In
three studies, Bodemer et al. (2004, 2005) demonstrated that learning can be improved by encouraging learners
to spatially integrate texts and illustrations by themselves. Because these studies revealed that higher learning
gains were associated with higher subject complexity, Bodemer et al. (2004, 2005) assumed that the higher the
subject complexity, the more advantageous is learning by integrating texts and illustrations. However, since
each study investigated learning in a different domain, the results of the three studies were difficult to compare.

In this paper, we present an experimental study in which we varied the presentation format as well as
the subject complexity within the same domain of biology. We begin by outlining the theoretical assumptions
and empirical findings within the design-oriented and engagement-oriented approaches. The role of complexity
in learning from combined texts and illustrations is then explored. Thereafter, the experimental study and its
results are described and discussed.

The Design-Oriented Approach

Research on how to design combinations of texts and illustrations has been highly influenced by two theories:
Richard Mayer’s Cognitive Theory of Multimedia Learning (CTML; Mayer, 2001, 2005) and John Sweller’s
Cognitive Load Theory (CLT; Ayres & Sweller, 2005). CTML takes a process-oriented perspective on learning
from combined texts and illustrations. Based on Paivio’s (1986) dual coding theory, and the assumption that
human working memory is limited in its capacity (Baddeley, 2003), CTML postulates the following cognitive
processes required for successful learning from multimedia: a) selecting relevant information in each
presentation, b) organizing the selected information in either a verbal or a pictorial mental model, and c)
integrating the verbal and pictorial models as well as prior knowledge by means of mapping processes between
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corresponding information (Mayer, 2005). Like other conceptualizations of learning from multimedia, CTML
considers the integration of verbal and pictorial information to be pivotal for constructing a mental model,
which in turn is considered to be important for deep understanding. On the basis of his theory, Mayer (2001)
advises that texts and illustrations should be presented in spatial proximity rather than spatially separated.
Essentially, it is assumed that spatial proximity facilitates the mental integration of textual and pictorial
information. In numerous studies, Mayer and colleagues (e.g., Mayer, 1989; Moreno & Mayer, 1999) were able
to demonstrate that a spatially contiguous presentation format leads to more successful learning than does a
spatially separated presentation format. This empirical finding has been termed the spatial contiguity effect.

As in Mayer’s (2001) CTML, it is also assumed in the resource-oriented CLT that human working
memory is of limited capacity (e.g., Ayres & Sweller, 2005). According to CLT, three different types of
cognitive load may burden working memory during learning: (1) extraneous cognitive load, which results from
unnecessary cognitive processes induced by the inappropriate design of learning material; (2) intrinsic cognitive
load, which is imposed by subject complexity which, in turn, is determined by the interactivity of elements in
the learning material as well as the learners” prior knowledge; and (3) germane cognitive load, which is related
to learning processes such as the construction of concepts and schemata (cf. Ayres & Sweller, 2005).

For a long time, research on CLT has focused on reducing extraneous cognitive load by improving the
design of learning material (van Merriénboer & Sweller, 2005). For instance, it is assumed that texts and
illustrations which are spatially split induce unnecessary processes such as visual search processes. These
processes contribute to extraneous cognitive load and may therefore impede learning. In contrast to Mayer’s
(2001) CTML, CLT recommends not only to present texts and illustrations together in spatial proximity, but to
spatially integrate segments of the texts into the illustrations, resulting in a so-called integrated format.
Envision, a text directly positioned above an illustration. From the perspective of CTML, this would correspond
to a spatially proximate presentation format because both the text and illustration are presented close to each
other. From the perspective of Sweller’s CLT, however, this would still correspond to a spatially separated
presentation format because the text is not integrated into the illustration. Sweller and colleagues have
demonstrated that an integrated format leads to more successful learning than a spatially separated format (e.g.,
Cerpa, Chandler & Sweller, 1996). They termed this empirical finding the split-attention effect. Research also
revealed that an integrated format is especially beneficial when the subject complexity is high (e.g., Pollock,
Chandler & Sweller, 2002; Ginns, 2006).

A further design principle aimed to reduce extraneous cognitive load and to support the mental
integration of verbal and pictorial information is to make the corresponding information in each presentation
explicit. This can be achieved by visual indicators such as colour-codes (e.g., Bodemer et al., 2004; Tabbers,
Martens & van Merriénboer, 2004), highlighting (e.g., Jamet, Gavota & Quaireau, 2008), or dynamic linking.
For example, van der Meij and de Jong (2006) found that learning from dynamically linked presentations is
especially beneficial when the subject complexity is high.

Whether corresponding information is made explicit by spatial proximity or by visual indicators, in
both cases it is completely up to the learners as to whether or not they engage in the desired selection,
organization, and integration processes. Although well-designed learning material may free the learners from
unnecessary cognitive processes, thereby making more cognitive capacity available for learning, it is unknown
to which degree learners actually take advantage of this capacity. Perhaps learning could be further improved by
systematically encouraging the learners to engage in the desired learning processes. Furthermore, various
studies indicate that providing learners with well-designed learning material may even act to inhibit learning,
since some learners undervalue the complexity and difficulty of the learning material, and therefore exhibit only
shallow information processing (e.g., McNamara, Kintsch, Songer & Kintsch, 1996; Schnotz & Rasch, 2005).

The Engagement-Oriented Approach

In contrast to the design-oriented approach, the engagement-oriented approach encourages learners to more
actively process the information presented. Various theories of learning, especially constructivist theories,
emphasize that the learners’ engagement is crucial to successful learning. For example, in Wittrock’s (1992)
theory of generative learning, it is assumed that learners do not passively take up and store information, rather
they actively search for and process information in order to construct knowledge. Learning thus takes place by
actively establishing relations between different pieces of information that are presented to the learners, as well
as by establishing relations between new information and prior knowledge. Accordingly, Wittrock’s (1992)
theory implies that understanding depends on the mental processes actively carried out by the learners.

Various methods have been developed in order to induce and support the learners’ engagement in
active information processing. Two examples which have been proven to facilitate learning are the production
of self-explanations (e.g., Chi et al., 1989; Renkl, 2002) and the visualisation of information present in texts
(e.g., van Meter, Aleksic, Schwartz & Garner, 2006). Peek (1993) also recommends instructional interventions
which lead to an external and observable product. For instance, various instructions aim at inducing the relevant
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learning processes by asking the learners to organize textual and pictorial components on the computer screen
(e.g., Bodemer et al., 2004).

Bodemer et al. (2004, 2005) developed an instructional method which takes all mentioned aspects into
account. They termed this method active integration. Initially, learners were presented spatially separated texts
and illustrations on a computer screen. They were then asked to move segments of the text to their referential
areas in the illustration using the drag and drop method. After completing the task, the learners had constructed
a spatially integrated presentation format by themselves. In three experimental studies, Bodemer and colleagues
were able to demonstrate that learners who integrated texts and illustrations themselves outperformed learners
who were provided with a spatially integrated or a spatially separated presentation format (Bodemer et al., 2004;
2005; Bodemer & Faust, 2006).

Because higher learning gains were attained with higher subject complexity in the studies of Bodemer
et al. (2004, 2005), the authors assumed that learning by integrating texts and illustrations may be more
successful as the subject complexity increases. This assumption is in line with findings concerning the split-
attention effect (cf. Ginns, 2006): while learning from an integrated format is most beneficial if the subject
complexity is high, it leads to only small improvements if the subject complexity is low. However, because
learning encompassed a different subject domain (physics, statistics and mechanics) in each study of Bodemer
et al. (2004, 2005), the results of their studies were difficult to compare.

In the following, we present an experimental study which investigates how presentation format and
subject complexity influence learning from combined texts and illustrations. In this study, subject complexity is
varied systematically within the same subject domain. According to Sweller and Chandler (1994), subject
complexity denotes the number of interacting elements that have to be processed simultaneously by the learners.
Increases in complexity were achieved by successively adding interacting elements to the learning material.

Experiment

Design

Two factors, each with three variations, were considered: (1) presentation format of combined texts and
illustrations (separated format, integrated format, active integration) and (2) subject complexity (low, medium,
high). Dependent variables were retention and comprehension of the learning material. The learners” working
memory capacity was assessed and taken into account as a covariate. Furthermore, the learners’ spatial abilities
were also assessed and taken into account as a covariate. Because learning time was not fixed, it was recorded
as a further covariate.

Hypotheses

In accord with Bodemer et al. (2004, 2005), we expected that active integration facilitates learning from
combined texts and illustrations more than learning from an integrated format. This hypothesis relies on the
assumption that active integration induces and supports the learners’ engagement. Because such engagement
processes are more important with respect to comprehension than to retention, more substantial effects were
expected concerning comprehension. In accord with Ayres and Sweller (2005), as well as Mayer (2001), we
expected learning from an integrated format to be more beneficial than learning from a separated format; i.e., we
expected the split-attention effect. With regard to subject complexity, we expected active integration to be more
beneficial, the higher the subject complexity. More substantial effects of subject complexity were expected with
respect to comprehension than with respect to retention. These hypotheses rely on the assumption that during
learning from complex material learners need more encouragement and support to systematically and
comprehensively process the material.

Material

The subject domain was information processes of the human nervous system. Various biochemical processes
related to the transmission of signals between neurons were verbally described and graphically illustrated in
such a way that the texts and illustrations complemented each other. For each group, the computer-based
learning material consisted of an explanatory text and an accompanying illustration which were presented
together on a single computer screen. In order to systematically increase the subject complexity, interacting
textual and pictorial information was successively added to the material. Learning material of low complexity
addressed the development of resting potentials within the human nervous system (cf. Figure 1). Learning
material of medium complexity additionally described the development of action potentials. Processes involved
in resting potentials and those involved in action potentials influence each other. Therefore, the processes
described in the material of medium complexity did not only complement the processes described in the
material of low complexity but the former interacted with the latter. Learning material of high complexity
additionally described processes of inhibiting action potentials (cf. Figure 2) which, again, interacted with
processes described in the material of low and medium complexity.
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Prozesse an einer nicht aktivierten Synapse

Figure 1. Learning material of low complexity in a separated format.

Prozesse an elner nicht aklivietten Synapse  Zuséitzliche genden Synapse Synapse

Figure 2. Learning material of high complexity with active integration.

Figure 1 also shows an example of the separated format (SF). Each text segment and corresponding
part of the illustration were numbered according to the reading sequence. In the integrated format (IF), the text
segments were placed next to the corresponding parts of the illustration. Active integration (Al) began with a
separated format (cf. Figure 2); participants were then required to drag and drop the given text segments onto
the appropriate part of the illustration. After having arranged all text segments, participants received feedback. If
segments were placed incorrectly, the participants were given two opportunities to revise their integration. In the
end, the participants were presented with the correct integrated format.

All participants received a short introductory text about the general structures and processes within the
human nervous system. On the basis of four multiple-choice questions, participants who did not properly
process the introductory text were excluded from the study; at least two of the the four questions had to be
answered correctly. To familiarize participants in the active integration group with dragging and dropping text
segments, they received an introduction to this functionality.

A pre-test of the participants” prior knowledge was made up of eight multiple-choice questions which
addressed the learning material. Three overlapping post-tests were constructed addressing respectively the low,
medium and high complex learning material. All post-tests were comprised of questions relating to retention
and comprehension. Both types of questions were constructed in such a way that the correct answers required
the mental combination of verbally and pictorially presented information. Whereas questions on retention asked
for the recall of information explicitly presented in the learning material, questions on comprehension demanded
the participants to draw inferences from the information presented. The post-test for low complex material
consisted of eight questions on retention and five questions on comprehension. The questions on retention were
identical to the questions used in the pre-test. The post-test for medium complex material was comprised of
eleven questions on retention and seven questions on comprehension. In the case of retention, five questions
were identical to questions of the post-test for low complex material and six questions were new. In the case of
comprehension, three questions were identical to questions on the post-test for low complex material and four
questions were new. The post-test for high complex material was also comprised of eleven questions on
retention and seven questions on comprehension. In the case of retention, seven questions were identical to
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questions found on the post-test for medium complex material and four questions were new. In the case of
comprehension, five questions were identical to questions on the post-test for medium complex material and
two questions were new. Pre- and post-tests were administered on the computer. Each item answered correctly
was scored with one point.

With respect to the covariates, working memory capacity was assessed by means of the subtest
“memorizing digits” from the Wilde Intelligence Test (Jager & Althoff, 1983). Spatial abilities were assessed by
means of three subtests of the System for the Assessment of Performance (Horn, 1983).

Procedure

Participants were investigated in groups of no more than three; they worked, however, individually on the
different material. Sessions were structured into five phases. During the first phase, participants took the
memory capacity test and the spatial ability test. During the second phase, participants read the introductory text
and answered the pertaining questions. They were allowed to keep the text until the post-test started. During the
third phase, learners took the pre-test. The learning material was processed in the fourth phase. The amount of
learning time could be chosen individually and was recorded by the computer. Finally, during the fifth phase,
participants worked on the post-test.

Participants

Overall, 180 students from two different universities in Freiburg, Germany, were randomly assigned to the nine
experimental groups. Students of medicine, psychology and the natural sciences did not participate in the study.
Two participants were excluded from the study due to insufficient processing of the introductory text. Five
participants were excluded due to high prior knowledge: they answered more than 25% of the pre-test questions
correctly. Four participants were excluded due to technical problems. Overall, 169 participants remained (age:
M=223,8D =2.4; gender: 58 males, 111 females).

Results

Prior Knowledge

On average, the participants’ prior knowledge was low (M = .34 (4.3%), SD = .62) and there were no significant
differences between groups with respect to prior knowledge (£(8,160) = 1.18, n.s.). There was also no
significant correlation between performance on the pre- and post-test (» = .03, n.s.). Therefore, prior knowledge
was not further considered in the analysis.

Covariates

An analysis of variance with the factors presentation format and subject complexity on learning time revealed a
statistically significant effect for subject complexity (£(2,160) = 130.30, p < .01, nzpm = .62). There was no
statistically significant effect for presentation format (F(2,160) = 1.13, n.s.). The interaction between the two
factors was also not statistically significant (F(4,160) = 1.55, n.s.). Post-hoc tests indicated that learning from
low complex material took significantly less time than learning from medium complex material (Games-
Howell, MD = -5.01, SE = .44, p < .001), which, in turn, took significantly less time than learning from highly
complex material (Games-Howell, MD = -3.87, SE = .63, p < .001). On average, participants exhibited high
spatial abilities (M = 6.8 (75.5%), SD = 1.1) and medium working memory capacity (M = 100.9 (52.3%), SD =
10.1). Analyses of variance showed no significant differences between groups, neither for spatial abilities
(F(8,160) = 1.27, n.s.) nor for working memory capacity (£(8,160) = 1.01, n.s.).

Learning Performance

With respect to highly complex material, descriptive data shows that active integration led to more successful
learning than learning from an integrated format, which in turn was superior to learning from a separated format
(cf. Table 1). The differences between these conditions were larger for comprehension than for retention. While
the descriptive trends for medium complex material were similar to those of highly complex material, the
descriptive trends for low complex material reversed.

A multivariate analysis of covariance (MANCOVA) on the dependent variables retention and
comprehension was computed; it included the factors presentation format and subject complexity, as well as the
covariates spatial ability, working memory capacity and learning time. Overall, it revealed no significant
influence of learning time (F(2,156) = 2.26, n.s.) on post-test results, but significant influences of spatial ability
(F(2,156) = 3.24, p < .05) and working memory capacity (£(2,156) = 5.90, p < .01). Furthermore, a statistically
significant effect was found for subject complexity (F(4,312) = 3.78, p < .01). The analysis revealed no
statistically significant effect for presentation format and no statistically significant interaction effect between
subject complexity and presentation format. The main multivariate effect of subject complexity can be attributed
to statistically significant differences with respect to retention (F(2,157) = 3.43, p <.05).
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Table 1: The means and standard deviations of the relative solution frequencies in the post test.

Low complexity Medium complexity High complexity
Separated Retention 63.1% (23.5%) 72.7% (19.9%) 54.5% (29.1%)
format Comprehension 40.0% (24.3%) 45.1% (28.3%) 42.0% (24.5%)
Overall 54.2% (20.5%) 62.0% (20.7%) 49.7% (25.1%)
Integrated Retention 62.5% (27.0%) 66.0% (23.2%) 59.1% (23.3%)
format Comprehension 38.9% (29.4%) 45.1% (20.4%) 51.4% (22.0%)
Overall 53.4% (25.3%) 57.9% (20.1%) 56.1% (20.3%)
Active Retention 56.3% (31.0%) 60.5% (27.7%) 61.5% (28.3%)
integration Comprehension 28.9% (24.0%) 44.3% (21.7%) 55.5% (23.1%)
Overall 45.7% (25.8%) 54.2% (22.5%) 59.2% (24.1%)
Overall Retention 60.7% (26.9%) 66.3% (24.0%) 58.7% (26.5%)
Comprehension 36.1% (26.0%) 44.8% (23.4%) 49.7% (23.3%)
Overall 51.3% (23.8%) 58.0% (21.0%) 55.0% (23.0%)

In order to further explore the data, we conducted a trimmed means analysis according to Wilcox
(1998). Based on the results in the post-test, the lower 10% as well as the upper 10% of the participants were
removed from each group. In the analysis of trimmed means, the covariates learning time, spatial ability, and
working memory capacity showed less influence on post-test results than in the analysis of untrimmed means.
The most important difference between the two analyses was that the interaction between presentation format
and subject complexity reached statistical significance with respect to comprehension (F(4,121) = 2.52, p < .05,
cf. Figure 3). According to a post-hoc simple effects analysis, this interaction results from the changing effects
of active integration (F(2,123) = 7.34, p < .001): The active integration of learning material inhibits learning
when subject complexity is low, but facilitates learning when subject complexity is high. The simple effects
analysis did not reach statistical significance with respect to the seperated and integrated presentation formats.

60 -
50 -

40
M Separated format
30 - O Integrated format

O Active integration

Comprehension scores (%)

Low Medmm High

complexity complexity complexity

Figure 3. Comprehension scores for the three formats at different levels of complexity.

Discussion

Whether the active integration of texts and illustrations as proposed by Bodemer et al. (2004, 2005) acts to
inhibit or to facilitate learning is dependent upon the subject complexity. However, it was only after reducing
the variances within groups, that the expected interaction between presentation format and subject complexity
was statistically confirmed with respect to comprehension. When subject complexity was high, actively
integrating texts and illustrations was of greater benefit than learning from a separated or an integrated format.
The active integration of text and illustrations inhibited learning when subject complexity was low. What could
have caused this inhibition? It could be that the participants underestimated the difficulty of learning from the
low complex material. In the low complex material, the amount of textual and pictorial information was rather
small and both types of information were clearly arranged. Requesting the participants to integrate this
information might not have led to the intended effortful engagement leading to a deeper understanding of the
material, but rather to a more or less “mindless” execution of the drag-and-drop-task (cf. Salomon, 1983).
Overall, our findings support, or to say it more carefully, do not contradict the hypothesis of Bodemer et al.
(2004, 2005) that learning by integrating texts and illustrations is most successful when the subject complexity
is high.
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Like Martin-Michiellot and Mendelsohn (2000), as well as Bodemer et al. (2004), we were not able to
replicate the split-attention effect - not even with respect to highly complex material. This finding is in
contradiction to many studies, especially those by Sweller and colleagues (e.g., Cerpa, Chandler & Sweller,
1996). A comparison of the learning material used, however, reveals two differences. First, in the spatially
separated learning material used in many other studies, a more or less unstructured text was combined with an
illustration. In many cases, the relevant areas within the illustration were not clearly distinguished. Thus, it was
up to the learners to identify meaningful assertions in the text and relevant parts of the illustration, and to then
appropriately relate them to each other. In these studies, the separated and integrated formats differed not only
with regard to spatial proximity, but with regard to other factors as well such as text segmentation and picture
labelling (e.g., Chandler & Sweller, 1991). In contrast, the text in our learning material was always structured
into meaningful segments and the relevant areas within the illustration were indicated. It is therefore plausible
that our material imposed smaller extraneous cognitive loads on the learners than the material used in other
studies. As a consequence, the chance that a split-attention effect would occur was also smaller. From a
theoretical point of view, the finding that an integrated format does not lead to better learning than a well-
structured separated format supports an explanation put forward by Erhel and Jamet (2006): the beneficial
effects of integrated formats result from the explication of relations between texts and illustrations rather than
from spatial proximity. A second difference is the design of the pictorial material employed. While Sweller and
colleagues (e.g., Sweller & Chandler, 1994) often made use of simple black-and-white line drawings, we
employed coloured schematic illustrations comprised of many visual elements. Both colours, as well as the
number of visual elements, increase the visual richness of an illustration (cf. Peek, 1993). This difference also
could have contributed to a convergence of the extraneous cognitive load imposed on the learners by the
separated and integrated formats.

Overall, the differences addressed above indicate that the roles of segmenting text, pointing out
relevant parts of illustrations, and designing visual material are underspecified in the context of the split-
attention effect. It appears that the distinction between a separated format and an integrated format might not
correspond to a clear-cut dichotomy. Martin-Michiellot and Mendelsohn (2000) assume that texts and
illustrations can be designed and arranged in such a way that they do not yield an integrated format, but
nevertheless support the learner in relating and mentally integrating both presentations. In a recent study, Florax
and Ploetzner (in press) found evidence for this assumption: learning from segmented texts and spatially
separated pictures improved learning as much as learning from spatially integrated texts and pictures.

The reported study is a first step to clarify the role of active integration for learning from material of
different complexity. According to our observations, active integration should only be employed when the
subject complexity is high, otherwise it might hinder learning. For example, in the realm of academia, where
learning material is usually of high complexity, active integration has the potential to improve learning.
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Abstract: A large number of studies in CMC have assessed how social interaction, learning
processes and outcomes are intertwined. Although recent research findings indicate that
learners differ with respect to the amount and type of discourse contributed in virtual settings,
little is known about the underlying causes and its consequences explaining differences
between participants’ contributions to discourse. The present research investigates how
motivational orientation of a learner influences the interaction patterns with other learners in a
virtual network.

Our research among 100 participants in six virtual teams indicates that three sub-groups were
formed within each virtual network. These subgroups were generated by a K-means cluster
analysis of academic motivation measured by AMS. Extrinsically motivated learners prefer to
connect to intrinsically motivated learners. Intrinsically motivated learners prefer to discuss
mainly among themselves, implying that extrinsically motivated learners will receive less
feedback and discourse possibilities from other members within the virtual network.

Introduction

In recent years, the attention for virtual collaborative learning seems to be fuelled by two separate, yet mutually
enforcing developments: First, the availability of increasing possibilities of Information Communication
Technologies (ICT) provide enhanced support for collaboration (Bromme, Hesse, & Spada, 2005; Resta &
Laferriere, 2007; Schellens & Valcke, 2005). Second, growing amounts of evidence have become available
showing that collaboration can enrich student learning through interaction (Jonassen & Kwon, 2001; Lindblom-
Ylanne, Pihlajamiki, & Kotkas, 2003; Van den Bossche, Gijselaers, Segers, & Kirschner, 2006). In general, it
can be said that virtual collaborative learning is built on the assumption that ICT has the power to provide a rich
learning experience by using a variety of learning methods (Beers, Boshuizen, Kirschner, & Gijselaers, 2007;
Giesbers, Rienties, Gijselaers, Segers, & Tempelaar, 2009; Jonassen & Kwon, 2001; Resta & Laferri¢re, 2007).

Despite the learning possibilities created by ICT-tools, recent findings in research on computer-
mediated communication (CMC) indicate that interaction and contributions made to interaction depend on a
variety of factors. Not every learner contributes equally to others. It has been found that learners who are similar
with respect to educational background and prior knowledge nevertheless contribute differently to discourse
(Caspi, Chajut, Saporta, & Beyth-Marom, 2006; De Laat, Lally, Lipponen, & Simons, 2007; Martens, Gulikers,
& Bastiaens, 2004; Rienties, Tempelaar, Van den Bossche, Gijselaers, & Segers, 2009). An overall finding in
research is that the majority of interactions and contributions within online courses can be attributed to a small
number of learners. While this research has demonstrated the existence of this phenomenon, the obvious
question is how these differential patterns between learners can be explained.

Several studies have examined this phenomenon by using social network analysis to explain interaction
patterns in CMC. Social network analysis (SNA) provides powerful tools to analyze how people interact over a
given period of time (Hurme, Palonen, & Jarveld, 2007; Martinez, Dimitriadis, Rubia, Gomez, & de la Fuente,
2003; Rienties et al., 2009). It considers whether certain individuals are central in networks or at the peripheries,
and how interactions between individuals may change over time. Research findings have indeed revealed that
some learners are more central in the social network than other learners (Hurme et al., 2007; Russo & Koesten,
2005). It has been found that learners who were central in a social network received and also contributed more
messages than other learners. In addition, Russo and Koesten (2005) found that learners who were central in the
social network had better cognitive learning outcomes.

Although recently several researchers have identified that some participants are more likely than others
to be in the centre of networks, they could not explain the underlying mechanisms of these social interaction
patterns. The present study aims to fill in this gap, by examining the underlying causes that explain differential
contributions to social networks. We address the question why some learners receive relatively more replies to
their contributions in discourse while others do contribute but get only limited response from others. So the
issue is to what extent is it a coincidence that some learners become central contributors? In this article, we will
investigate what the “invisible” mechanisms in social interaction are that result in learners of virtual networks
being central or learners being on the outer fringe of a social network.
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An invisible hand in social interaction in CMC: motivation

In most virtual networks learners are geographically separated and dispersed over many settings. In
collaborative settings, learners have to construct meaning and co-construct knowledge in a virtual setting.
However, participation and making contributions to discourse in collaborative settings cannot be taken for
granted (Bromme et al., 2005; Kirschner, Beers, Boshuizen, & Gijselaers, 2008). In particular when learners are
interacting using lean ICT-tools like discussion forums or WIKIs, establishing a critical mass of interaction
whereby participants contribute actively to cognitive discourse is troublesome (Caspi, Gorsky, & Chajut, 2003;
Schellens & Valcke, 2005). Some learners are more inclined to start and actively contribute to a discussion than
others. Other learners might prefer to wait for a while before contributing to a discussion, in particular when the
members of the virtual network are seeking for effective working and learning strategies (Beers et al., 2007;
Kirschner et al., 2008).

Within CMC, several researchers have tried to influence the interaction patterns among learners by (re-
)scaffolding the learning process by designing scripts (Weinberger & Fischer, 2006), adjusting the degree of
social presence of ICT tools (Giesbers et al., 2009; Jonassen & Kwon, 2001; Tu & Mclsaac, 2002) or regulating
the interaction processes (Kirschner et al.,, 2008). For example, by increasing the regulation of interaction
processes, Beers et al. (2005) found that interaction among participants could be enhanced. By establishing
argumentative scripts, learners contributed more argumentative discourse than when other scripts were used
(Weinberger & Fischer, 2006). Nonetheless, individual differences to contributions to discourse still persist
when redesigning the learning environment. Limited research has been conducted how differences in individual
traits influence the interaction patterns of learners in networks.

One of the explanations for these individual differences lies in the motivation of learners to contribute
to the virtual network. Recent research highlights indeed that motivation has a strong influence on how learners
contribute to discourse in online settings (Jarveld, Jarvenoja, & Veermans, 2008; Martens et al., 2004; Rienties
et al., 2009; Veermans & Lallimo, 2007; Yang, Tsai, Kim, Cho, & Laffey, 2006). For example, Yang et al.
(2006) conducted a survey among 250 respondents of eleven online educational psychology courses and found
that goal-oriented motivation positively influences social presence among peers, that is the perception that
emotions can be shared using CMC. Veermans and Lallimo (2007) found that messages contributed by
motivated students demonstrate a richer variety of topics. Jarveld et al. (2008) found that students in the face-to-
face setting reported more (favourable) learning goals and less performance goals relative to students in virtual
settings.

The present research builds further on these findings by examining how motivation affects the creation,
development and evolution of links between learners in virtual networks. As motivation is a multidimensional
and multilevel construct (Boekaerts & Minnaert, 2006), a wide variety of definitions and instruments are
discussed and used in educational psychology research. We adopt the concept of motivation developed by Deci
and Ryan (1985), where to be motivated means to be moved to do something. The degree of self-determination
of learners might explain why some learners contribute more to discourse in CMC than others. As a
consequence, it is expected that some learners contribute more to discourse in CMC than others, given their
motivation. However, focusing only on the level of motivation ignores the underlying attitudes and goals the
learner has in order to pursue an action or goal (Deci & Ryan, 1985).

Evolution of Social Networks

The present study considers the way learners interact in virtual networks as social network interactions.
According to Newman (2003), “[a] social network is a set of people or groups of people with some pattern of
contacts or interactions between them”. Within educational psychology, limited research has been conducted to
understand dynamic social network interactions. According to network theorists, there are two important
conditions that determine how social networks evolve: 1) the stability of the number of nodes (i.e. participants
in virtual network); 2) the (in)equality of characteristics of nodes in the network (Barabasi & Albert, 1999;
Erd6és & Rényi, 1960; Newman, 2003). In case the number of participants in a social network grows
continuously (e.g. Wikipedia, Facebook), being among the first participants in the social network might imply
that one is more likely to be connected to others than when one has recently joined a social network. In contrast,
in an online course (as in most classes), the number of learners is mostly pre-determined and relatively stable.
Therefore, a straightforward assumption from network theory would be that the social network of an online
course will develop and evolve according to random graph theory (Barabasi, 2002; Erdés & Rényi, 1960). In
random graph theory, learners connect to other leamers in a network with a more or less equal probability.
HI:Learners in a virtual network will have an equal amount of connections to all other learners.

If hypothesis 1 has to be rejected in our setting, then learners in virtual networks do not connect to
other learners in line with the random graph theory. A crucial assumption of random graph theory is that people
in the social network are perceived by others as equal (Erdés & Rényi, 1960; Newman, 2003). However, in line
with the second condition when nodes (i.e. learners) have a specific preference to connect to some type of
nodes, the network will not develop according to random graph theory (Barabasi & Albert, 1999; Newman,
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2003). Several researchers have indicated that leamers in online settings differ with respect to prior knowledge,
expertise and motivation when they become member of a virtual network (Jarvela et al., 2008; Martens et al.,
2004; Rienties et al., 2009; Yang et al., 2006). When learners in a virtual network become aware that interacting
with some learners who have a trait (e.g. intrinsic motivation, large knowledge base, expertise) that is
(perceived to be) beneficial, these learners might be more interesting to interact with (Martens et al., 2004).

As intrinsically motivated learners are more inclined to contribute to discourse than extrinsically
motivated learners, in particular with regard to higher cognitive discourse (Rienties et al., 2009), they possess
crucial characteristics for distance learning. Superior contributions to discourse at a higher cognitive level might
bring them a positive (expert) reputation in the virtual network. Other learners might be more willing to
contribute to a learner who is perceived to be motivated and has some expert knowledge. In addition, as
extrinsically motivated learners will perceive a lack of external regulation in distance learning, they might direct
their attention more towards intrinsically motivated learners. In other words, intrinsically motivated learners
lead the discourse development within the virtual network, thereby providing the desired external regulation to
extrinsically motivated learners. This will imply that most learners will be connected to intrinsically motivated
learners, as phrased in our second and third research hypotheses: H2: Extrinsically motivated learners are more
likely to interact with intrinsically motivated learners than with other extrinsically motivated learners;, H3:
Intrinsically motivated learners are more likely to interact with other intrinsically motivated learners than with
extrinsically motivated learners.

Method

Setting

The present study took place in an online summer course for prospective bachelor students of an International
Business degree program at an Institute for Higher Education in the Netherlands (Rienties, Tempelaar,
Waterval, Rehm, & Gijselaers, 2006). This online course was given over a period of six weeks in which learners
were assumed to work for 10-15 hours per week. The participants never met face-to-face before or during the
course and had to learn using the virtual learning environment “on-the-fly”. In our setting, learners participated
in virtual networks within a collaborative learning environment using discussion forums and announcement
boards. During six weeks, learners had to collaborate together on solving six tasks through a problem-based
learning method. No obligatory meetings were scheduled. The results of three interim-tests and a final
summative test combined with graded participation in the discussion forums were used to make a pass-fail
decision. Learners who passed the course received a certificate.

Participants

In total 100 non-Dutch participants were randomly assigned in six networks. Data were analysed for those
individuals who actually posted at least once a reaction in the discussion forum. We found that 18 learners,
although registered for this course, never posted a contribution to the discussion forums. The 82 participants
who posted at least once a reaction in the discussion forum were selected for our analysis. The six networks had
an average of 13.66 members (SD = 2.16, range = 11-17) per network. The average age was 19 years and 45%
of the learners were female.

Academic Motivation Scale (AMS)

Vallerand and colleagues have added further theoretical concepts to the model of Deci and Ryan (1985) as well
as adjusting the model for different contexts as SDT was primarily developed to measure motivation among
children. Individual motivation was measured by the Academic Motivation Scale (AMS), which was developed
by Vallerand et al. (1992) for college/university learners and measures the contextual motivation for education.
The instrument consists of 28 items, in all of which learners respond to the question stem “Why are you going to
college?”. There are seven subscales on the AMS, of which three belong to the intrinsic motivation scale, three
to the extrinsic motivation scale and one for amotivation. The response-rate on AMS-questionnaire among the
summer course participants was 93%. The Cronbach alpha reliability for the seven scales ranged from .760 to
.856. The 82 students who participated in our setting were unaware of the scores of the AMS and those of their
peers with whom they worked and learned together intheir virtual team.

Statistical analyses

Cluster analysis

The 82 students in the experiment are part of the inflow of 765 international freshmen. Motivational profiles
were determined of all international students by applying k-means cluster analysis to subscale scores of the
AMS-instrument. It was decided to base motivational profiles on the complete sample of international freshmen.
First of all, this will lead to a more stable outcome of the cluster analysis. Second, in this way we are able to
express the motivational patterns found amongst patticipants relative to the motivational profiles present
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amongst all international students. Since participation in the experiment is voluntarily, motivation scores of
participating freshmen might be different from motivation scores of all freshmen. In this situation, profiles
found amongst all international students were regarded as more relevant benchmarks than profiles found in the
restricted group of participants of the experiment. It was found that a three cluster solution provides the best fit
for different motivation profiles present in these freshmen. Afterwards, data on cluster membership of all
participants of the virtual networks were combined with individual data resulting from the social network
analysis. The interrelationships between all measures were assessed through standard T-tests analyses using
SPSS 15.0.1.

Positioning of individuals within social network using SNA

Two SNA measures were used, namely ego network density, which measures to how many other learners a
learner is directly connected, and Freeman’s degree of Centrality, which measures whether learners were central
in the social network or not (Freeman, 2000; Wassemann & Faust, 1994). Main indicator for this study is the
relative position of each learner within the social network, derived by UCINET version 6.158. In order to assess
whether learners with different motivational orientations connect equally to each of the clusters, we will use the
(absolute/relative) number of send and received messages per learner to members in each of the (send to
own/outside) clusters as a measurement for equality of interaction between clusters. An innovative feature of
this study is that by combining the results of the SNA and cluster analysis, we were able to distinguish
interaction patterns amongst individual learners based upon their motivation profile.

Results

In order to test hypothesis 1, the average number of connections in the cohort of online summer course
participants is compared. On average, a learner has 6.43 (SD = 4.03) connections to other learners and there are
substantial differences amongst individual learners with respect to the number of connections as assessed by a
Chi-Square test (y2 (df = 76) 159.46, p < .001). Furthermore, significant differences are found using a Chi-
Square test in each of the six virtual networks with the exception of network 3. In other words, in contrast to
random graph theory the social networks in our setting do not evolve to a random network with an
approximately equal amount of connections per learner, with the exception of network 3. Furthermore, some
learners are more central than other learners in the network, as is illustrated by the large standard deviation of
the Freeman’s degree of centrality (M = 26.60, SD =24.29), as well as by the Chi-Square test for all participants
(x2 (df = 80) 1772.74, p <.001) and the Chi-Square test for participants within each of the networks. As a result,
we need to reject hypothesis 1 that social networks develop and evolve in accordance to the model of the
random graph theory for five out of six of our networks.

In order to test hypotheses 2 and 3 and to investigate whether the motivation profile of a learner has an
influence on the formation of links to other learners within the social network, a K-means cluster analysis is
applied to obtain three different profiles for motivation, which are further labeled according to the final cluster
center position (see Table 1). The three motivation profiles are: cluster 1: low intrinsic motivation (Low In),
high extrinsic motivation (High Ex); cluster 2: medium intrinsic motivation (Med In), low to medium extrinsic
motivation (Med Ex); cluster 3: high intrinsic motivation (High In), high extrinsic motivation (High Ex).

Table 1 Means and standard deviation of classification measures per duster (K-means)

Cluster 1 Cluster 2 Cluster 3
Low In, HighEx MedIn MedEx  Highln HighEx

(IN=182) (N=132) (IN=413)
Intrinsic motivation to know (IMTE) 4.68(0.94) 3.38(1.02) 6.06 (1.10)
Intninsic motivation to accomplish (IMTA) 395(0.3%) 4.09(0.3%) 342 (1.06)
Intrinsic motivation to experience stimulation
(IMES) 3.17(0.93) 3.81(0.99) 492(1.18)
Identified regulation (EMID) 6.04 (1.00) 3.58(1.20) 6.48 (1.03)
Introjected regulation (EMIN) 461(1.14%) 324(1.23) 333(1.22)
External regulation (EMIR) 6.03 (1.03) 4.32{143) 6.12(1.23)
Amotivation (AMOT) 1.44 (0.73) 1.40 (0.73) 1.32 (0.62)

As a third step, the cluster memberships are added as learner attributes to the social networks of each of the six
virtual networks. Based upon the division of motivational profiles, network 5 (Figure 2) and network 6 (Figure
3) can be categorised as prototypical networks. Learners for which no motivation attributes are available and
teachers are represented by a light-coloured circle, while cluster 1 learners (Low In, High In) are represented by
a light-coloured square box, cluster 2 learners (Med In, Med Ex) by a dark triangle, and finally cluster 3 learners
(High In, High Ex) by a shaded diamond box'. In this way, we are able to visualise the position of each learner

' The names of the participants are replaced by fictitious names in order to guarantee privacy of the participants.
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in the network as well as to whom each learner is connected to depending on his/her motivational profile. When
looking at the three motivation profiles, it appears that learners with high intrinsic motivation are situated
closely together. For example, in network 6 most of the connections of Veronica and Jonas (cluster 3) are to
learners with the same cluster membership. Learners with low and medium motivation are positioned mostly on
the outer fringe of the network and are mainly connected to highly intrinsically motivated learners. Furthermore,
learners within cluster 1 (Kathi and Markus of network 5; Paul and Bart of network 6) and learners within
cluster 2 (Judith and Laura; Elena, Christina and Bernard) are not well connected to other learners with the same
motivation profile. In fact, most cluster 1 and 2 learners are only indirectly linked to each other through cluster 3
learners. For example, in network 6 Bart can only be linked to Paul via Jonas or Caroline. In sum, our learners
differ with respect to the number of ties as well as with respect to the position in the network. Furthermore, we
find that the position of learners in a social network depends on the type of motivation. Cluster 3 learners form
the center core of the network, while the other learners are mostly situated on the outer fringe.

Figure 2 Social Network of network 5 AR ke

Note: Learners for which no motivation atiributes are available and teachers are represented by alight-coloured circle. Cluster 1 learners are represented
by a light-coloured square box, cluster 2 leamers by a dark triangle, and finally cluster 3 leamers by a shaded diamond box,

Figure 2. Social Network of network 5 Figure 3. Social Network of network 6

Table 2 Interaction among learners per cluster corrected by relative cluster size

Cluster 1 Cluster2 Cluster 3 t-test
Low In, High Ex MedIn, MedEx  Highln HighEx
(N=13) (N=12) (N=30) difference
Sent total 1.60 (1.50) 230245 2427 1.9507
Sent to own cluster 0.62 (0.6T) 122(1.54) 1.70 (1.71) 2.790%**
Sent outside own cluster 0.97 {0.98) 1.07 (0.95) 1.04 (1.18) 0.518
Sent difference -0.33 (0.76) 0.15{0.75) 0.66 (1.08) 3.80%+=
Beceived total 167 (1.64) 232(223) 323237 2824x**
Received from own cluster 0.62(0.72) L1T(1.34) 1.84 (1.68) F 356
Received from outside own cluster 1.04 (1.0%) 1.15(1.07) 141 (11T 1.660
Beceived difference -0.42 (0.86) 0.02 (0.95) 0.42 (1.10y 3.033%*

Note: Independent sample T-test (2-sided) (Cluster 1 + 2 vs. Cluster 3)

T Coefficient is significant at the 0.10 level (2-tailed).

* Coefficient is significant at the 0.03 level (2-tailed).

*#* Coefficient is significant at the 0.01 level (2-tailed).
*#*+*Coefficient is significant at the 0.001 level (2-tailed).

In Table 2, the relative interactions within and between clusters are illustrated, whereby we correct for the total
number of each of the three profiles of motivation within a virtual network. Both cluster 1 and 2 differ
significantly from cluster 3 using an independent sample T-test with the exception of sent outside own cluster
and received from outside own cluster. For all cluster 1 learners in the six networks, this implies that on average
0.62 messages are sent to each of the cluster 1 learners. At the same time, on average 0.97 messages are sent by
cluster 1 learners to each learner outside their own cluster. That is, cluster 1 learners send on average 56% more
messages outside their cluster and this difference is significant at 10% (T = -1.768, p < 0.10) in a paired-samples
T-test. At the same time, cluster 1 learners receive 68% more external messages from outside their cluster than
from inside their cluster and this difference is again significant at 10% (T = -1.883, p < 0.10) in a paired-
samples T-test. Therefore, both sent to and received from measures indicate that cluster 1 learners are mainly
focussed on communication with learners outside their own cluster, implying that the motivation profile has an
influence on whom cluster 1 learners are connected to. In other words, we find support for hypothesis 2 that
extrinsically motivated learners are more likely to interact with intrinsically motivated learners than with
extrinsically motivated learners.

Cluster 2 learners (medium intrinsic, low to medium extrinsic motivation) send about an equal amount
of messages to both within and outside their cluster. At the same time, they receive an equal amount of
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messages from within as well as outside their cluster. This implies that cluster 2 learners do not distinguish with
whom they communicate. Thus, cluster 2 learners are connected to other learners within the social network as
predicted by random graph theory (Barabasi, 2002; Barabasi & Albert, 1999; Erdds & Rényi, 1960).

Finally, cluster 3 learners contribute most actively to discourse in absolute and relative numbers. More
messages are contributed to learners within the same cluster, namely 1.70 messages per learner in cluster 3. In
contrast, only 1.04 messages are sent to each learner outside their own cluster. In other words, cluster 3 learners
are almost 40% more likely to send a message to their own cluster and this difference is statistically significant
at 1% (T = 4.326, p < 0.01) in a paired samples T-test. In addition, the majority of the messages received by
learners in cluster 3 originate from their own cluster (T = 2.748, p < 0.05). If we subtract the average number of
contributions sent to external clusters (1.04) from those received from external clusters (1.40), we find that the
communication of cluster 1 and 2 members is more strongly directed to cluster 3 members than vice-versa, and
this difference is significant (T = -3.879, p < 0.01) in a paired-samples T-test. Hence, the stronger extrinsically
motivated learners, and the learners with a less outspoken motivational profile, are connecting primarily to the
intrinsically motivated learners, which supports hypothesis 2. Last but not least, intrinsically motivated learners
are the most active contributors to discourse, but, in agreement with hypothesis 3, are contributing mostly with
learners having similar motivational profile.

Discussion

The results of the present study indicate that in our settings learners connect to other learners in their virtual
network depending on their motivation profile. We find evidence that learners with high intrinsic motivation
receive a relatively large amount of contributions from learners with other motivational profiles. At the same
time, intrinsically motivated learners themselves are focussing more on discourse with other intrinsically
motivated learners. These findings indicate that in distance learning settings interaction patterns amongst
participants and evolutions of social networks of virtual networks do not develop randomly. In fact, we find that
highly extrinsically motivated learners are more likely to connect to intrinsically motivated learners than vice
versa. A new feature is that we are able to link the position of the learner in the virtual network to his/her
motivational profile. Most extrinsically motivated learners seem to be stronger connected to intrinsically
motivated learners than vice versa.

These findings might have important consequences for instructional designer and online teachers
(Mishra & Koehler, 2006; Wang, 2009) as we find support of the idea that in distance learning settings learners
prefer to interact with learners who are highly intrinsically motivated (Martens et al., 2004; Rienties et al.,
2009). This implies that learners strong in intrinsic motivation, who due to the nature of distance learning
already have an advantage over other learners (Rienties et al., 2009), will in the duration of the course be further
stimulated by extrinsically motivated learners as well as other intrinsically motivated learners that are keen to
link to them. By receiving more contributions from others to initiated discourse (in particular from intrinsically
motivated learners), they can exchange more knowledge and receive more feedback than learners with low
intrinsic motivation who receive little contributions from others. In a way, it seems like a self-fulfilling
prophesy: active contributors to discourse receive further encouragements from others to continue, while these
active contributors at the same time interact mostly with other active contributors rather than learners on the
outer fringe of the network. Therefore, intrinsically motivated learners appear “well-suited” for our distance
learning setting and continuously receive acknowledgements from other learners (Martens et al., 2004). Given
that many educational psychologists have found that learners who are actively co-constructing knowledge
eventually have a deeper learning experience (Hmelo-Silver, 2004; Jarveld et al., 2008; Van den Bossche et al.,
2006), receiving a lack of reply on contributions might have a negative impact on learning for extrinsically
motivated learners. As a result, extrinsically motivated learners receive less feedback and stimuli from others,
which might further decrease their integration within the virtual network.

The role of the teacher in designing a challenging and interactive learning environment (Mishra &
Koehler, 2006; Wang, 2009) for all types of learners seems to be a prerequisite for interactive learning for all
learners. Furthermore, a helpful tool for teachers to understand the complex dynamics of social interaction is to
use the insights from motivational science to enhance learning. We suggest that teachers ask their students to fill
in a motivation questionnaire before the beginning of the course. This can for example be the Academic
Motivation Scale developed by Vallerand and colleagues (1992) or the Quality of Working in Groups
Instruments developed by Bockaerts and Minnaert (2006). The results can be used to assess what type of
motivated learners teachers have in their course and to actively stimulate students who are less active in
discourse.

Limitations

The results of this study were based on a k-means cluster analysis on learner self-scores for a questionnaire on
academic motivation, which was afterwards linked to the social network of each virtual network using Social
Network Analysis. This can be viewed as a potential limitation to this study as a self-reported measurement of

30 + OISLS



ICLS 2010 + Volume 1

academic motivation was used with obvious limitations. However, the patterns of interaction among the three
identified motivational profiles follow the anticipated direction. In addition, research by Vallerand and
colleagues has found that the AMS instrument is a robust predictor of learning outcomes and academic
performance. As a second limitation, the long-term consequences on learning outcomes have not been
demonstrated. However, our longitudinal analysis of learning outcomes among summer course participants
indicate that active summer course participants outperform others in the first year of their bachelor programme
(Rienties, Tempelaar, Dijkstra, Rehm, & Gijselaers, 2008). A third limitation of this study is that no measures
were taken to prevent self-selection in the summer course programme. In our setting, which matches the practice
teachers in online settings are confronted with (i.c. networks with a mix of various types of motivatad learners),
we did not balance networks based on a pre-determined mix of motivational types. We established that the
proportion of cluster 3 learners amongst summer course participants is indeed somewhat higher than the
proportion in all freshmen, yet cluster 1 and cluster 2 learners are not statistically significantly underrepresented
in our subsample. So selection effects, if present, are of limited size.

Future Research and Implications for Education

Based on our findings, we will redesign the learning environment to capitalise on the merits of social
interaction, peer-support and planning of learning processes. By increasing social presence in our virtual
learning environment by using Web 2.0 tools like wiki’s and web-videoconference, we hope to increase the
relatedness among learners, which has shown to increase the internalisation of motivation regulation (Ryan &
Deci, 2000). Socio-emotional support is an important factor in relational development of networks. In particular
in CMC environments, socio-emotional communication is not an automatic artefact. These findings are relevant
for teachers, managers, admission officers and schedulers as the results imply motivational orientation has a
moderately strong influence on the type of discourse and position within the social network. Social Network
Analysis tools can be used to assess who is contributing actively to discourse and can be used as a tool for
teachers to identify learners on the outer ring of the social network. Appropriate strategies to deal with various
types of motivation should be designed to assist each type of learner.
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Abstract: We described and compared 94 pre-service elementary teachers’ epistemologies
during three different activities: one semi-structured interview, an asynchronous on-line
discussion about a physics problem and their reflection on the discussion of the second
activity. Using discourse-based analysis, we analyzed the data in terms of the teachers’
underlying epistemologies and findings revealed significant differences across the three
activities. This suggests that (a) teachers’ epistemologies might be better understood as finer
grained cognitive resources whose activation is sensitive to the context, unlike most research
which views them as coherent and stable cognitive structures, and that (b) the research
community is far from settling the debate as to what particular approaches should be used to
assess or study personal epistemologies. Depending on the context and the manner of
investigation, students and teachers may “show” different epistemological understanding.

Introduction

Current science education standards (NRC, 1996; 2007) argue that inquiry should be a central strategy of
science instruction, partly because that inquiry can be a dynamic way for helping students to develop
sophisticated understanding of the nature of science (NOS) or sophisticated scientific epistemologies.
Epistemology is a term used differently by philosophers and psychologists (Sandoval, 2005). For the purposes
of this paper we take scientific epistemologies to mean the individual’s understanding of or views about the
nature and characteristics of scientific knowledge and its construction, including the sources of scientific
knowledge, its truth value and what constitutes scientifically appropriate warrants, and science as a way of
knowing and its values inherited in the development of the scientific knowledge (Abd-El-Khalick & Lederman,
2000; Abd-El-Khalick et al., 1998; Lederman, 1992). The development of sophisticated epistemologies has been
a central component of scientific literacy for some years (AAAS, 1993; NRC, 1996).

However, this agenda has been slow to become established in instructional practice for a number of
reasons. First, despite a wide consensus for the importance of developing epistemological awareness in science
among learners, the education community has yet to agree on precisely how this awareness is developed, how
epistemological knowledge is developed and in what form (Louca et al, 2004). Most research on personal
epistemologies has assumed they consist of developmental stages or beliefs and thus can be explicitly taught and
developed (van Driel et al., 2001; Olson, 2007). Others have advocated a structure of epistemologies that
consists of units of cognitive structure at a finer grain size than stages or beliefs, suggesting that it is not really a
matter of developing new knowledge constructs, but a matter of organizing a network of existing
epistemological resources (Louca et al, 2004; Hammer & Elby, 2002). Second, there is no consensus regarding
the methodological approaches used to study students’ epistemologies (Sandoval, 2005). One approach has
argued that students’ epistemologies can be directly investigated, e.g., via interviews (Van Driel et al., 2001). A
second approach has suggested that students’ personal epistemologies are manifested through practice, and,
thus, practice is the only way of studying them (Sandoval, 2005; Richardson, 1996). These ambiguities have
resulted in a rather fragmented picture of students’ epistemologies, with often contradicting findings and
frequently students’ practices of inquiry appear to share much with scientific practice but their expressed
epistemologies are naive (Sandoval, 2005).

Our purpose in this paper was to investigate 94 pre-service elementary teachers’ epistemologies while
engaged in three different activities. The differences among these activities refer to the context in which we
investigated their expressed or enacted epistemologies. Firstly, participants were prompted to talk about their
personal epistemologies during an individual interview. Secondly, they were asked to “enact” science, by
talking about a physics topic on relative motion through an online discussion (without specifically talking about
their personal epistemologies). By enactment, we refer to the participants’ efforts to reach a consensus about a
problem related to relative motion. In some cases this involved students trying out experiments and reporting
them to the group or debating various points of view. Thirdly, they were asked to reflect on their enactment of
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science during the second activity by debating whether their discussion was scientific or not — thus, prompting
them to reflect on the NOS underlying their discussion of relative motion.

Theoretical framework

Current views of NOS

Traditionally, science has been presented to students as a rigid body of facts, theories, and rules to be
memorized and practiced, rather than a way of knowing about natural phenomena (van Driel et al., 2001). The
learning of correct answers, memorizing of information, rote learning, and reading were central components of
the exploration of questions, critical thought, understanding in context, argument, and doing science. In this
view, teaching science assumed that an already developed body of knowledge, one generally accepted by the
scientific community, could be transmitted to students through passive instructional means (Tobin, Tippins, &
Gallard, 1994).

To an increasing extent this approach has become the subject of criticism among policy makers,
teachers, educators, and researchers (e.g., Tobin et al., 1994). This approach has been related to the decreasing
popularity of science among students (van Driel et al., 2001). Furthermore, research on students' scientific
epistemologies has demonstrated that students exposed to this approach often end up with a poor understanding
of scientific concepts (van Driel et al., 2001). Moreover, science education in its traditional form fails to
adequately prepare future citizens to understand science and technology issues in a rapidly evolving society
(Millar & Osborne, 1998).

Recently, modern views of NOS suggest that scientific knowledge is (a) tentative (that is, subject to
change), (b) empirically based (that is, testable), (c) subjective (and thus, not absolute), (d) creative, (e) socially
and culturally embedded, (f) unified, (g) amoral, (h) parsimonious (scientific knowledge attempts to achieve a
simplicity of explanation as opposed to complexity), and (i) differentiates between observation and inference
(Abd-El-Khalick, Bell, & Lederman, 1998). In this sense, scientific knowledge is based on observations from
the natural world and reflects human attempts to impose order on the understanding of nature and explain the
mechanism underlying the physical phenomena.

Reform documents (e.g., AAAS, 1990; NRC, 1996) and researchers (e.g., Lederman, 1992; McComas
& Olson, 1998) have advocated that there are several elements of NOS that should be communicated to students
in order for them to become scientifically literate. Thus, aspects of NOS are crucial to guide the current
assessment of individuals’ understandings of NOS, because they are not contentious, they are developmentally
appropriate for K—12 students, they are learnable by K—12 students as indicated by empirical research, and they
are arguably important for all high school graduates to know. Consequently, the objective of helping students
(and teachers for that manner) to develop understandings of NOS is one of the most common objectives for
science education (Abd-El-Khalick, Bell, & Lederman, 1998).

Views about the nature of scientific epistemologies

Disagreements about the tenets of NOS exist at a general level among scientists, science educators, historians
and philosophers of science. Despite these disagreements, there is a widely shared view which suggests that
individuals’ epistemologies have a developmental aspect and that these are learnable throughout K-12 (Abd-El-
Khalick & Lederman, 2000). This perspective presents the development of epistemologies as developmental
stages somewhat resembling cognitive development as conceptualized e.g., by Piaget (1967). For instance, in
the seven-stage scheme of King and Kitchener (1994), children initially view knowledge as comparatively
certain and gained from authority or direct observation. From there they progress to relativist stages in which
they view knowledge as constructed and different viewpoints as valid. Finally, some reach expert stages in
which they see knowledge as constructed yet subject to scrutiny, judgment, and synthesis. Invoking more recent
developmental theorists such as Fischer’s (1980), King and Kitchener (2004) adopt a “complex stage theory” in
which a typical subject’s epistemology is like a wave spread over two stages.

A second perspective suggests that students’ epistemologies are not a unified whole. Following a
growing set of studies that suggest that students’ epistemological views of science are not stable coherent
frameworks, but inconsistent, fragmented and possibly unstable beliefs, this perspective deals separately with
each different dimension of NOS, such as, structure, certainty and source of knowledge (Hofer & Pintrich,
1997). It suggests that learners’ epistemologies along each dimension are assumed to consist of semi-
independent beliefs, implying that a student could hold sophisticated views about the structure of e.g., physics
knowledge, seeing it as a hierarchy of concepts rather than a collection of equations, while also holding naive
beliefs about the certainty of that knowledge, viewing new theories as fixed and absolute. In Leach et al.’s
(2000) study, students’ responses to decontextualized and contextualized open-ended survey items that asked
them to reason about the relation between theory and data were found to be inconsistent across the two contexts.
Sandoval and Morrison (2003) interviewed a sample of high school students before and after a month-long
intervention and found that both individual students’ responses to different questions reflected different
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epistemological levels, and that student responses were not stable across interviews (nor predictable). According
to this perspective, views about NOS consist largely of comparatively stable, robust cognitive structures
corresponding to articulate, declarative knowledge. These epistemologies are taken to be the units of views
about NOS (Schommer-Aikins, 2004). Some researchers view epistemological beliefs as comparatively global
(Schommer, 1990), while others have investigated how epistemological beliefs vary by discipline, e.g., in
chemistry vs. psychology (Hofer, 2002a). What they all agree upon, however, is that epistemologies consist
largely of comparatively stable, robust cognitive structures corresponding to articulate, declarative knowledge.

Hammer and colleagues (Hammer & Elby, 2002; Louca et al, 2004) have proposed a third perspective,
suggesting that personal epistemologies are made up units of cognitive structure at a finer grain size than stages
or beliefs, which they call resources. Rather than attribute to individuals any general epistemological theories or
beliefs, they understand them to have a range of cognitive resources for understanding scientific knowledge and
its nature. They suggest that the difference between naive and expert epistemologies lies not just in the content
(views), but also in the form of the relevant cognitive elements. Other studies show that students often hold
inconsistent epistemologies which emerge in different contexts (Hammer, 1994; Roth & Roychoudhury, 1994;
Solomon, Duveen, & Scott, 1994). There is also some evidence for fragmented epistemologies from those
studies that have been unable to assign large portions of students to a single epistemological “type” (Khishfe &
Abd-El-Khalick, 2002; Linn & Songer, 1993). In this sense, a teacher’s professed epistemology, for example,
her stated views about knowledge and learning, may possibly differ substantially from her enacted
epistemology, the views about knowledge and learning an observer would infer from her classroom behavior
(Hofer, 2002b; Tobin & McRobbie, 1997), suggesting that it could be a matter of different resources being
activated in different contexts — that of an interview and of teaching contexts (e.g., Louca et al., 2004; Leach et.
al, 2000; Roth & Roychoudhury, 1994; diSessa, Elby, & Hammer, 2002).

Novice teachers’ epistemologies

A large number of studies have indicated that teachers’ epistemologies influence their teaching and their
students’ learning to a great extent (AAAS, 1993; NRC, 1996). As a result, researchers have investigated
teachers’ epistemologies, in addition to developing programs that seek to improve them (e.g., Abell & Smith,
1994; Palmquist & Finley, 1997; Abell et al., 2001). Many of these studies were consistent in showing that
teachers (both in-service and pre-service) possessed naive scientific epistemologies (e.g., Abd-El-Khalick &
BouJaoude, 1997).

Moreover a number of these studies has provided insights about how novice teachers (pre-service and
early-career teachers) encounter teaching and their ability to reflect on practical experience (Penso, Shoman, &
Shiloah, 2001), how science teachers’ views about science and science teaching influence their classroom
practice (Brickhouse & Bodner, 1992) and how induction programs are essential in addressing the pedagogical
and content needs of science teachers (Luft, Roehrig, & Patterson, 2003). Other studies have documented the
nature and persistence of pre-service teachers' epistemologies. For instance, many pre-service teachers think of
teaching as passing on knowledge, and learning as absorbing and memorizing knowledge (e.g., Calderhead &
Robson, 1991). When they imagine themselves teaching, pre-service teachers often picture themselves standing
in front of a group of attentive students presenting information, going over problems and giving explanations. A
significant proportion of teachers believe that scientific knowledge is not tentative, and hold a positivistic,
idealistic view of science (Lederman, 1992).

The relationship between teachers’ views of NOS and classroom practice

Research concerning improving teachers’ epistemologies has followed the assumption that teachers’
epistemologies directly transfer into their classroom practices (Lederman, 1992). In other words, it is assumed
that studying teacher practices can help understand their epistemologies (Sandoval, 2005), and that improving
teachers’ epistemologies is sufficient for promoting “effective” NOS instruction in science (Lederman, 1992).

However, through a range of studies, it is currently understood that the relationship between teachers’
epistemologies and their classroom practice is more complex than originally assumed. Several factors have been
identified to mediate and constrain the translation of teachers’ epistemologies into practice. These factors
include pressure to cover content (Abd-El-Khalick et al., 1988; Hodson 1993), classroom management and
organizational principles (Hodson, 1993), concerns for student abilities and motivation (Brickhouse & Bodner
1992; Lederman, 1999), institutional constraints (Brickhouse & Bodner, 1992), teaching experience (Lederman,
1999), discomfort with understandings of NOS, and the lack of resources and experiences for assessing student
epistemologies (Abd-El-Khalick et al., 1998).

Research on the translation of teachers’ epistemologies into classroom practice indicates that even
though these can be thought of as a necessary condition for promoting the development of students’ NOS
understanding, these epistemologies should not be considered sufficient (Lederman 1992). This may suggest
that research efforts should concentrate beyond simply identifying teachers’ professed epistemologies, to
investigating their translation into enacting (or practical) epistemologies as they appear during everyday
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teaching. By teachers’ practical epistemology we refer to the set of epistemologies about ones’ own knowledge
production in school science, including what knowledge is, the methods through which knowledge can be
produced, and the criteria for evaluating knowledge claims, which are reflected in the epistemic decisions
people make during the construction and evaluation of scientific knowledge (Sandoval, 2005).

All these issues raise three questions about teachers’ scientific epistemologies and their development.
First, the nature of epistemologies remains somewhat unclear; whether epistemologies are organized in coherent
frameworks, or are fragmented beliefs or finer-grain resources. Second, the specific epistemologies that guide
teachers’ practices are largely unknown. Third, the relation of these practical epistemologies and teachers’
expressed epistemologies are not well articulated. Given the discrepancy between what teachers seem able to do
and the difficulty they have in articulating epistemological aspects of formal science, it seems more likely that
epistemological beliefs are contextualized rather than coherent frameworks (Hammer & Elby, 2002).

Our purpose in this paper is to contribute specifically to these needs: to investigate teachers’ expressed
and practical epistemologies through multiple data sources. The differences among these data sources refer to
the context in which we investigated their expressed or enacted epistemologies. Thus, we compare 94 pre-
service teachers’ expressed epistemologies as revealed through an interview, their practical epistemologies
underlying a discussion about relative motion, and their epistemologies underlying a reflective discussion about
whether their science enactment in the relative motion discussion was scientific or not.

Methodology

The present study was interpretive in nature and focused on the epistemologies that participants held, expressed
or underlay their actions in the three aforementioned tasks. Ninety-four pre-service elementary teachers
participated in this study. All participants were enrolled in a science methods course in the same semester
(separated in two groups), taught by the first author. The data collection took place at the very beginning of the
course (during the first three weeks), prior to any intervention and discussion about NOS characteristics.

Data sources consisted of three different activities. For the first activity we randomly selected 47 out of
the 94 pre-service teachers of the study, whom we interviewed individually about their views concerning NOS.
All interviews were conducted by the second author, using a semi-structured protocol which focused on three
areas, namely, demographics, views about science and about teaching science. The first part of the interview
focused on identifying pre-service teachers’ experiences with science from both pre-university and university
studies. The second part of the interview aimed at identifying pre-service teachers’ epistemologies (for instance,
we asked them what is Science for them; under what conditions is something scientific; and what does the term
“experiment” mean to them). The third part of the interview focused on investigating pre-service teachers’
views about science teaching. For instance, we asked them what they thought the goal of Science education is;
about the role of a teacher during a science lesson; and what they thought the components of a “good” science
lesson are. Finally, interviewees watched a short video clip from a science lesson and were asked to comment
about the ways they might respond to students’ ideas and reasoning, had they been the teacher during this
lesson.

For the second activity, all 94 teachers had an online, asynchronous threaded discussion about relative
motion. We randomly assigned pre-service teachers into groups of 10 or 11 participants and provided them with
a question on relative motion: A person is running, holding a set of keys in her hand, which she holds still next
to her body. What would happen to the keys, if she let go, while still running? We asked each pre-service
teacher to have at least one posting of her own answer to the question, respond to at least three other group-
mates’ answers, respond to all the comments she received for her own postings, including her answer to the
initial question, in an effort to reach consensus about the answer to the question, after discussing this with the
rest of the members of her group. The pre-service teachers had a week in which to reach a consensus. A total of
341 posts were made by the 94 teachers which reflected an average of 80 words per post, and all groups of
students were close to, or reached consensus. The third activity was also an online, asynchronous threaded
discussion, carried out by the same groups of pre-service teachers as above. This occurred immediately after the
second activity and also lasted for a week. In this activity, pre-service teachers had to reflect on the discussions
they had during the second activity, in an attempt to discover whether that discussion was scientific or not. A
total of 359 posts were made by the 94 teachers, which reflected an average of 105 words per post.

All interviews were transcribed and along with all threaded discussions served as the primary sources
of data. We analyzed all data using a discourse-based analysis focusing on three particular aspects of NOS: (a)
what is science (b) what is the result of science and (c) what is scientific knowledge? Categories for this analysis
were drawn from the literature we have described in the theoretical framework of the paper. Some categories
identified in the literature were not observed in our data and thus are not part of our coding scheme. The final
categories that we used for each aspect of NOS were organized in an ordinal scale based on their sophistication.
Each teacher’s postings for a particular discussion were analyzed separately and coded in terms of the
underlying ideas about the three aspects of NOS. The same was done with each participant’s interview. In all
cases, each teacher’s postings or interview was assigned with only one code for each of the three aspects of the

36 + ©ISLS



ICLS 2010 + Volume 1

NOS. All codings were carried out independently by the first and the second author (Cohen’s Kappa=0,84), and
differences were resolved through discussion.

We used descriptive statistics to compare teachers’ views about the result of science, science as a
process and the scientific knowledge from the three different contexts. Lastly, the non-parametric Wilcoxon
Signed-Rank Test was applied to test for significant differences in teachers’ views among the three data sources
(contexts). The test was applied only to the 47 pre-service teachers from whom we had data from all three
contexts.

Findings
Findings revealed considerable differences among teachers’ epistemologies about NOS in the three contexts (see
Table 1). Activity 1 will be referred to as “interview,” activity 2 as “enacting science” and activity 3 as
“reflection.”

Table 1. Differences between teachers’ epistemologies about NOS

Codes Interviews  Enactment  Reflection
A. Science
i. The result of science:
1. improves life quality 14.3% 0.4% 0%
2. is a number of laws that govern the physical world 5.7% 83.9% 8.6%
3. provides answers to questions about physical 20.0% 0% 0.8%
phenomena
4. is an interpretation of everyday physical phenomena 60.0% 15.7% 90.6%
ii. Science (as a process) is:
1. aprocess of memorizing scientific facts 0% 0% 0%
2. aprocess of observations and experimentation 45.7% 17.6% 43.2%
3. aprocess of investigating, accepting or rejecting 54.3% 82 4% 56.8%

theories or hypotheses
B. Scientific knowledge is:

1. absolutely true (there is only one answer) 20.0% 5.3% 10.5%
2. how F:ach individual understands the truth about the 570, 77 50, 3379
physical world

3. the most commonly accepted answer to questions

0, 0 V)
about the physical world > 7% 9.0% 47.1%
4. the knowledge we learn from experimentation 54.3% 4.1% 6.2%
5. atruth that might change in the future 14.3% 4.1% 2.5%

Pre-service teachers’ epistemologies related to what is science

When “enacting science” most of the pre-service teachers (83.9%) felt that the result of science consists of a
number of laws that govern the physical world. This idea appeared less often in the interviews (5.7%) and in the
reflections (8.6%). During the interviews, pre-service teachers suggested that science improves quality of life
(14.3%) and provides answers to questions about physical phenomena (20.0%); these ideas did not appear
during the two online discussions. During the interview and the reflection, the majority of the teachers felt that
scientific knowledge is an interpretation of everyday physical phenomena (60% and 90.6%, respectively), an
idea which did not appear as often when teachers enacted science (15.7%).

Pre-service teachers’ epistemologies related to what is the result of science

During the interviews, pre-service teachers described science as a process of observation and experimentation
(45.7%). Similarly, this idea appeared in teachers’ reflections (43.2%), while only 17.6% of the pre-service
teachers seemed to use this idea while enacting science. When enacting science, most of the pre-service teachers
(82.4%) seemed to view science as the process of investigating, accepting or rejecting theories. However, during
their reflection and the interview, only about half of the pre-service teachers (56.8% and 54.3%, respectively)
seemed to view science as such. The other half (43.2% and 45.7%, respectively) viewed science as a process of
observation and experimentation. None of the teachers appeared to see science as a process of memorizing
scientific facts during the three activities.

Pre-service teachers’ epistemologies related to what is scientific knowledge

While enacting science 77.5% of the pre-service teachers felt that scientific knowledge reflects how each
individual understands the truth about the physical world, whereas, during the reflection fewer teachers (47.1%)
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seemed to understand scientific knowledge as the most commonly accepted answers to questions about the
physical world. During the interview more than half of the teachers (54.3%) indicated that scientific knowledge
is what we learn from doing experiments. This idea appeared less during the rest of the activities. Moreover,
during the interview 20,0% of the teachers seemed to understand scientific knowledge as absolutely true, but
less seemed to do so during their reflections (10.5%) and even less when they enacted science (5.3%). Similarly,
during their interviews 14.3% of the pre-service teachers described scientific knowledge as a “truth” that might
change in the future, an idea observed much less during the enactment of science (4.1%) and the reflection
(2.5%).

Comparison of pre-service teachers epistemologies across the three contexts

Overall, the Wilcoxon Signed-Rank Test indicated that the pre-service teachers’ epistemologies for each of the
three aspects of NOS investigated were statistically significantly different across the three contexts. Specifically,
the pre-service teachers’ epistemologies about the result of science differed significantly among all three
contexts (p<0,001 across all comparisons). In terms of what science is, pre-service teachers’ epistemologies
during the interview and the reflection were not found to differ significantly, but both were found to differ
significantly from the enacting science activity (p<0,001 across all comparisons). Finally, the findings
concerning what scientific knowledge is, revealed that all the contexts were significantly different (p< 0,001
across all comparisons).

Discussion

The aim of this study was to investigate and describe pre-service teachers’ epistemologies from three different
data sources reflecting three different contexts. Findings revealed statistically significant differences of the pre-
service teachers’ epistemologies among the three contexts investigated, which raises two issues.

The first issue is related with the nature and/or the development of epistemological understanding. Our
findings, along with a number of other studies (Hammer, 1994; Roth & Roychoudhury, 1994; Solomon,
Duveen, & Scott, 1994, Hammer & Elby, 2002; Louca et al, 2004) contend that personal epistemologies seem to
be better understood as fine-grain cognitive structures that are activated depending on the context in which the
activation takes place. Asking teachers about their views of NOS or inferring those views from their enactment
in science or their reflections seem to invoke statistically different epistemological resources, which they use to
explain, understand or respond to a particular situation.

The fact that the differences among the three contexts are not similar in terms of the three areas of NOS
that we have investigated (what is science, what is the result of science and what is scientific knowledge), has
another important implication. It suggests that viewing personal epistemologies as semi-independent beliefs
(Hofer & Pintrich, 1997; Schommer-Aikins, 2004) cannot explain these differences. The teachers’
epistemologies investigated in this study, differ among the three contexts, but the differences in the three areas
of NOS investigated are not similar among the three contexts. Teachers’ epistemologies are not only different
across contexts, but there is also a variation of those differences within the various contexts. For instance, pre-
service teachers’ views about science as a process are similar between the interview and the reflection.
However, the same teachers’ views about the nature of scientific knowledge are statistically significantly
different in the two contexts. Thus, we suggest that our findings indicate that even within a particular area of
NOS, the same pre-service teachers hold multiple epistemological resources, which they activate based on
context. Thus, attributing robust epistemologies developed into coherent theories (McComas, 1996; Sandoval &
Morrison, 2003) to pre-service elementary teachers is definitely inappropriate.

The second issue is related to the debate that exists in literature about the approaches of studying
personal epistemologies (Sandoval, 2005). Assessments of formal science tend to ask students to express their
views about the nature of scientific knowledge and activity, including questions about what scientists do, what
theories are, how theories and experimentation influence each other and so forth. The general picture from such
studies is that students’ ideas about formal science follow a developmental trajectory toward increasing
sophistication throughout adolescence (e.g., Leach et al., 1997), but tend to remain fairly naive even during
university instruction. Our findings show a similar picture, which we feel suggests that the research community
is far from settling the debate as to which particular approaches should be used to assess or study personal
epistemologies. Depending on the context and the manner of investigation, students and teachers may “show”
different epistemological understanding. One suggestion is that, the research community may choose to follow a
multiple-data-source approach when studying personal epistemologies.

Finally, disagreeing with the suggestion that it is an academic issue whether teachers’ epistemologies
are necessarily reflected in their classroom practice (Lederman, 1999), an implication stemming from our
findings is that methodological effects might be possible. The ideas teachers express, explicitly or implicitly,
may differ depending on the situation in which they are engaged. For example in the context of an interview,
teachers may report views they believe they hold, whereas when they enact science, or reflect back on their
enactment they may reveal “alternative” views. In the interview context, the teachers self-report views they
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think they hold about an issue, which are often influenced by social desirability. While enacting science their
conceptions will be interpreted by independent coders and are possibly influenced, not only by what they have
been taught about science, but also by their experience with science in formal informal learning contexts.
Consequently, we propose that a broader account of personal epistemologies should include investigations with
methods that are not limited to questionnaire surveys and interviewing.
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Exploring how novice teachers learn to attend to students’ thinking
in analyzing case studies of classroom teaching and learning
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Abstract: In this paper, we explore how candidates in a science teacher preparation cohort
attend to the substance of student thinking while watching classroom videos or reviewing
students’ written work. Our findings suggest that the teacher candidates are able to attend to
specific student ideas and reasoning from the beginning of their pre-service preparation, but
their practices of attending become more sophisticated over time. We also consider
participation dynamics within the cohort, as participants assume different roles and begin to
regulate their discussions.

Introduction

The National Research Council (NRC) (2007) characterizes students’ science learning in terms of knowledge
and use of conceptual content, reasoning abilities, epistemological understandings, and participation in scientific
practices. In line with the NRC’s conceptualization of science education reform, it is suggested that “proximal
formative assessment” (Erickson, 2007), as it refers to teachers’ ongoing, everyday attention to the substance of
students’ ideas, plays an important role in shaping teachers’ instructional moves and supporting students’
science learning across these strands (Atkin & Coffey, 2003). We believe that an important focus for science
teacher education is thus to help novice science teachers learn to attend to the substance of student thinking,
interpreting the meaning students are trying to convey.

This paper is our effort to document what happens in our science pedagogy program, which takes as a
specific aim the development of teacher candidates’ practices of attending to the substance of student thinking
while examining records of classroom practice. We report results from the first two semesters in the science
pedagogy course sequence, focusing our inquiry on three questions:

*  What do our teacher candidates attend to when discussing records of classroom practice?
* How do our candidates attend to student thinking?
* How do practices of attending to student thinking develop over time within the cohort?

What teachers notice in records of classroom practice

We refer to practices of “attending” to student thinking, but our work is similar to a body of literature primarily
in mathematics education that uses the term “noticing.” The noticing literature is explicitly focused on the
substance of student thinking, responding to reform documents in both mathematics and science education
(NCTM, 2000; NRC, 2007) that call for teachers to “base their instruction on the lesson as it unfolds in the
classroom, paying particular attention to the ideas that their students raise” (van Es & Sherin, 2008, p. 244).
Several scholars (Hammer & Schifter, 2001; Jacobs, et al., 2007) argue that professional development and
teacher education aimed at focusing teachers’ attention on the substance of student thinking is crucial for
teacher learning; it is assumed that helping teachers notice students’ ideas when exploring records of practice
like classroom videos (e.g., van Es & Sherin, 2008) and samples of student work (e.g. Kazemi & Franke, 2004)
will amplify teachers’ tendencies to do so in their own classrooms. For the purposes of this paper, we are
focusing on the teacher education setting, but we take up the issue of connections between teacher education
and teachers’ classroom practices in our discussion.

Little research has been conducted on pre-service teachers’ practices of attending to student thinking,
but Carter et al. (1988) suggest that novice teachers’ abilities to notice student thinking are poorer than
experienced teachers’ abilities. Theoretically, lacking any experience in classrooms, new teachers have more
difficulty hearing and interpreting student ideas in the classroom than experienced teachers do. However, in a
more recent study in a pre-service secondary mathematics teacher education course, Star and Strickland (2008)
found that teacher candidates generally did not enter the course with well-developed observation skills, but the
course led to significant increases in these skills, particularly novice teachers’ abilities to notice features of the
classroom, mathematical content, and student thinking. Sherin and van Es (2005) have also shown that pre-
service teachers can learn to attend to student thinking fairly quickly. Our current study contributes to the
noticing literature and literature on pre-service teacher education by exploring what happens in a pre-service
science teacher pedagogy course sequence focused on attending to the substance of student thinking.
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A framework for learning to attend to the substance of student thinking

Drawing on the noticing literature, and based on our iterative coding for this project (see the section on data
analysis below), we describe in this section what we take as evidence of attending to the substance of student
thinking. We also draw from other genres of literature, including physics education (diSessa, 1993; Hammer,
Elby, Scherr, & Redish, 2005), cognitive science (Minsky, 1985), sociolinguistics (Goffman, 1974; Tannen,
1993), and anthropology (Lave & Wenger, 1991) to understand what it means to learn to attend to the substance
of student thinking.

Attending to the substance of student thinking

Three aspects of attending to student thinking are prevalent in the noticing literature; we have identified these
aspects in this study as well, and we consider them to provide varying degrees of evidence of attending to
student thinking. These three aspects include identifying students’ ideas and reasoning, interpreting the
meaning students are trying to convey, and evaluating the ideas and reasoning inferred from students.

Goodwin (1994) describes “highlighting” or identifying ideas as an important part of what practitioners
in a field do. Identifying important ideas helps to “divide a domain of scrutiny in a figure and ground, so that
events relevant to the activity of the moment stand out” (Goodwin, p. 610). We consider identifying important
ideas to be a necessary precursor to attending to the substance of those ideas.

Once teachers identify important student ideas, Crespo (2000) distinguishes between teachers’
comments that are evaluative and focused on correctness and those that are interpretive and focused on
understanding. We believe that van Es and Sherin’s (2008) definition of interpreting is closest to the meaning
that we ascribe to the term. As van Es and Sherin state, “... we want to emphasize the importance of
interpreting classroom events. Thus, how individuals reason about what they notice is as important as the
particular events they notice” (p. 247). We speak of attending to the substance of student thinking in this strict
sense — interpreting the meaning students are trying to convey, without simply evaluating the ideas. Thus, we
take interpretive statements to be the best evidence that a teacher is attending to the substance of student
thinking. Furthermore, we believe that interpretive statements are the most productive in professional
development contexts or teacher education courses — when teachers identify and interpret specific student ideas
in collaboration with others, they have the opportunity to argue about their interpretations of the ideas, which
leads to better-warranted evaluations and proposed instructional responses.

It is important to note that we view these aspects of attending to student thinking as analytical tools that
help us make sense of how candidates are attending to students’ ideas and reasoning. We are not making claims
that these are separate cognitive processes within teachers” minds. Our purpose in describing these components
is simply to examine those aspects of attending to student thinking that the candidates make explicit.

Learning to attend to the substance of student thinking

Our perspective for understanding how teachers learn to attend to the substance of student thinking draws from
research on learning in physics. Hammer (2000) argues that students do not draw on nascent fully formed
theories to reason in physics but rather that students employ small-grained, context-sensitive resources to do so.
Hammer’s framework builds on diSessa’s (1993) description of phenomenological primitives or “p-prims,”
which are conceptual resources, based on learners’ experiences with physical phenomena, which can be useful
for learning physics. Hammer et al. (2005) have expanded the idea of resources to include fine-grained bits of
declarative and procedural knowledge, metacognition, epistemology, and understandings of social norms that
are derived from people’s past experiences and activated in different situations.

Hammer et al. (2005) also suggest that in any moment, locally coherent sets of resources or framings
are activated that are mutually consistent and reinforcing. Framing stems from a diverse history in cognitive
science and sociolinguistics (Goffman, 1974; Minsky, 1985; Tannen, 1993). Here, we define framing as an
individual or collective sense of “What is going on here?” Thus, framing involves an interaction between the
contextual cues present in any given situation and the resources that various participants already have.

In any practice, which Wenger (1998) refers to as sustained engagement in a joint enterprise with
shared tools, newcomers must learn relevant norms. Lave and Wenger (1991) describe the process by which
newcomers learn these norms as “legitimate peripheral participants” (p. 29), which we take to mean that
newcomers learn the framing of a particular practice through engaging and participating in that practice. We
will argue that our teacher candidates draw on resources that they already have in order to participate in the
practice of attending to student thinking. Additionally, by engaging and participating in this practice in various
ways, the cohort establishes and reinforces a collective framing of attending to student thinking.

The language of framing has been used to understand how physics students frame what is going on in a
particular context and how their framing is associated with their physics learning (Hammer et al., 2005); it has
only been recently applied to secondary science pre-service teacher learning. Additionally, there has been little
focus on how a framing of attending to student thinking is established and reinforced in a community of pre-
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service teachers. We return to our framework in our conclusion to articulate how pre-service secondary science
teaching candidates learn to attend to student thinking while watching video and looking at samples of student
work.

Research context and methods

Our data come from the first two courses of the three-course science pedagogy sequence in a one-year graduate-
level initial teaching certification program at the University of Maryland, College Park. The course sequence is
explicitly structured to draw teacher candidates’ attention to the substance of student thinking, first by having
them collectively examine records of classroom practice (videos and samples of student work), and then by
having them collect and analyze such records from their own classrooms. During the first course (summer
session), the teacher candidates identify frameworks for understanding students’ science learning in the
literature, interview students about science topics, engage in their own scientific inquiry, examine curricula for
opportunities to draw out students’ ideas and reasoning, and discuss samples of student thinking in classroom
video and student work. The second pedagogy course (fall semester) continues these practices of examining
and discussing samples of student thinking but goes beyond the first course in helping candidates develop
instructional strategies consistent with science education reform and respond to student ideas as they arise
during instruction. Candidates write lesson plans in which they anticipate what students might say or do and
how they (as teachers) might respond instructionally. They then teach these lessons, collect student work or
recordings of the class, and analyze the student thinking in evidence. The third course involves candidates in
collecting data from their own teaching and writing case studies of the student thinking in evidence. Here, we
report on data from the first two pedagogy courses — specifically on how the teacher candidates attended to the
substance of student thinking in records of classroom practice.

Subjects

The first course was comprised of eleven pre-service secondary science teacher candidates. Seven of these
candidates were in a one-year program to earn a Masters degree and certification. Three were post-doctoral
scientists pursuing certification only, and one was a former patent attorney who was pursuing certification only.
In the second course, three additional candidates joined who were participants in an integrated
bachelors/Masters program for certification. They had taken the initial pedagogy course the previous year as
undergraduates. For the purposes of this paper, we primarily consider the candidates as a group. We discuss
some differences among candidates in terms of their participation, but an in depth discussion of other
differences is beyond the scope of this paper.

Procedures

We shared eight cases of secondary science classroom work with the teacher candidates. Six cases were videos
(20-45 minutes long) of secondary science classrooms with typed transcripts and/or captions. One of the videos
was shown twice, as we discuss below. Two cases were collections of samples of student work. We selected
all of the cases from a collection developed as part of another project (Levin, 2008); these cases will be included
in a book/DVD package of teacher-authored case studies, similar to one produced for elementary teacher
education (Hammer & van Zee, 2006).

As the instructor, Levin began the discussion of each case by describing the context in which the work
occurred or by having the group read the introduction to the teacher’s written case study. We then shared the
video or student work with the group, and Levin asked, "What do you notice in the students' ideas and
reasoning?” Levin facilitated the discussion to draw specific attention to the substance of students’ ideas and
reasoning. For example, if candidates made a general statement such as, “It seems like the students get it,”
Levin would say, “Can you point to something someone said or did that makes you think they get it?”
Similarly, if candidates directed attention to the action of the teacher by suggesting what the teacher should do
or describing problems with the teacher’s approach, Levin would ask what they saw in the students’ reasoning
that led them to make that claim about the teacher.

Data collection

We videotaped the candidates’ discussions of student thinking in each of the cases. The discussions were each
approximately 30-45 minutes in length. Due to the great variability among the cases, it was difficult to compare
the cases in order to explore how the cohort’s practices of attending to the substance of student thinking
changed over time by looking at the progression throughout the cases. Thus, we showed the case we had shown
at the beginning of the summer session again at the end of the fall semester in order to look at differences in
how the candidates attended to the substance of student thinking at the beginning of the first course and at the
end of the second.
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Data analysis

To explore our first question (““What do our teacher candidates attend to when discussing records of classroom
practice?”’), we drew on a coding scheme to categorize each speech turn, which was developed by inductive
coding (Miles & Huberman, 1994) in a similar project with practicing teachers (Levin, 2008). We then
developed our codes further through an iterative process of coding a sample of the discussions, discussing our
codes, and expanding or collapsing codes as appropriate. In doing so, we developed a scheme that organized
what candidates attended to into eight categories: specific student thinking, general student thinking, the actions
of the teacher, the nature of the activity, the science content, student attributes, student engagement, and “other.”
We provide a detailed description of how we defined each of the codes in another paper (Levin & Richards,
2009), but the most important categories for our purposes in this paper are specific student thinking and general
student thinking. We identify candidates’ comments about specific student ideas or reasoning as attending to
specific student thinking; for instance, we would code a statement like, “Maybe he’s saying that they are
practice for hunting — the snakes are just practice” as attending to specific student thinking. Alternately, we
identify candidates’ comments about the general understanding or reasoning of students in the class as attending
to general student thinking (e.g. “I think most of them get it”). Levin coded all of the transcripts. Richards
coded one third of the transcripts, and we compared our coding to arrive at an inter-rater reliability of 83%. We
then discussed each disagreement until we reached consensus on the remaining codes.

To explore our second question (“How do our candidates attend to student thinking?”’), we conducted
another round of iterative coding, focusing only on the comments we had coded as attending to specific student
thinking. As we previously described, we saw that candidates made three kinds of comments that we coded as
attending to specific student thinking. At times, candidates 1) simply identified students’ ideas, which we took
as evidence that the candidates noticed the ideas, but we could not tell whether they attended to the meaning that
the students were trying to convey. Candidates also 2) made evaluative statements in reference to students’
ideas, which again indicated that the candidates were attending to the ideas that were present and perhaps
making tacit interpretations of these ideas, but their interpretations (if present) were not made public. Finally,
candidates sometimes 3) attempted to interpret what students were saying, which we took as the strongest
evidence that they were attending to the substance of students’ ideas. We did not take frequency counts of this
coding because many utterances included overlapping codes at this level of analysis; instead, we considered
how the three kinds of comments seemed to be related in candidates’ statements. We explore the occurrences
and relationships of these codes qualitatively in our data analysis.

To explore our third question (“How do practices of attending to student thinking develop over time
within the cohort?”), we showed candidates the same case twice — once at the beginning of the summer session
and again at the end of the fall semester. This case, hereafter referred to as the “Owls and Snakes,” showed a
teacher and students discussing a strange relationship between a species of owl and a species of blind snake that
lives in the owls’ nests undisturbed. We compared the initial coding of the first showing with the coding of the
second showing. The discussions were slightly different in length, so we normalized the results by converting
them to the frequency of codes uttered per 30 minutes of discussion. Both of us scored both transcripts
completely, and we had 84% inter-rater agreement. Again, we resolved differences in coding by meeting and
agreeing on the disputed codes.

We also looked across all of the case study discussions for patterns in the nature of the conversations
and how participation in the norms and practices of attending to student thinking developed over time within the
cohort. Specifically, we looked at who participated and how they did so over the course of the two semesters,
how candidates drew each other’s attention to specific student ideas, and how the role of the facilitator changed.

Data and analysis

In this section, we present the results of our coding, followed by our analysis of the data and a discussion of the
cohort’s practices over time.

Results and analysis of coding

We collected 995 coded passages over the course of nine discussions, including discussions of the eight cases
plus the repeat of the first case. We coded 43% of utterances as specific attention to student thinking, 6% as
general attention to student thinking, 18% as attention to teacher action, 9% as attention to the activity, 11% as
attention to science content, 3% as attention to student attributes, 1% as attention to student engagement, and
6% as “other.”

As we discussed above, it was difficult to make any claims about changes in what candidates attended
to because of differences in the content of the cases. To look at changes, we led a discussion of the same case
study at the end of the second course that we had discussed at the beginning of the first course and compared the
changes in the frequencies of our coding. We only saw notable changes in the relative frequencies of attending
to “specific” and “general” student thinking — the percentage of specific comments about student thinking (per
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30 minutes) increased from 36% to 48%, while the percentage of general comments about student thinking
decreased from 7% to 2%.

Thus, we can make two assertions related to our research questions at this point. First, our secondary
science teacher candidates were able to attend to the substance of student thinking from the beginning of the
pedagogy course sequence. Second, our candidates focused more on specific student ideas relative to general
student ideas over time.

We saw that candidates consistently attended to the substance of student thinking from the beginning
of the first pedagogy course. We coded almost half of all comments throughout the cases as “attending to
specific student thinking,” and our coding varied little across the cases in this respect. In terms of how
candidates attended to student thinking, we saw that candidates routinely identified, interpreted, and evaluated
students’ ideas. At times, candidates made comments simply identifying a student’s idea, and Levin followed
up to ask what the candidates thought the student meant and what the candidates thought of the idea.
Frequently, however, candidates specifically interpreted the student’s meaning without prompting. These
specific interpretations frequently led to sophisticated evaluations of students’ conceptual understanding,
reasoning, epistemological stances, and participation in scientific practices. Specific interpretations often
occurred during long stretches of conversation that were about students’ ideas and reasoning. For example,
during an early case discussion in which candidates were discussing whether the students understood the
relationships among force, mass, and acceleration when considering gravitational motion, Sarah, who was often
one of the quieter students, identified an idea on a student’s worksheet that she did not understand:

Sarah: “I was confused by what she meant about inertia canceling out, like for, on page 2,
when they talked about how... and not falling at the same time because their inertia's
different?”

Jack: “Well again I think that just mass, or heavier mass is less acceleration because they were
just going back to that and less mass is higher acceleration.”

Alex: “It's interesting because on question 3 she -- at first the student states the right answer,
they've got the concept that they land at the same time, and she understands that things that
fall land at the same time, but then has trouble explaining why... she has this idea of the
inertias canceling each other out, which indicates that she doesn't really have an understanding
of what inertia is or how it applies in the case of falling objects.”

Jack: “Well again I think that goes back to their thinking the forces are the same, because
she’s saying ‘the higher the mass the lower acceleration’ versus ‘a lower mass and a faster
acceleration,’ they are going to equal the same thing, so that's what she means, ‘canceling out’
-- they’re gonna equal the same thing.”

Here, Alex offered an interpretation of the student’s thinking that she “has this idea of the inertias
canceling each other out” and evaluated that she “doesn't really have an understanding of what inertia is or how
it applies in the case of falling objects.” Jack interpreted the student’s idea more specifically, suggesting why
the student might be thinking about “canceling out,” which had not been obvious to everyone. As the
conversation continued, Mark suggested another possible interpretation for what the student was thinking, and
Elsa, Sarah, Ryan, and Alex debated Mark’s interpretation, all drawing on the student’s responses to other
problems to debate what she might mean by “canceling out.” This conversation about one specific student’s
thinking was followed by a discussion about how to teach the F = ma formula more generally, including how to
help students recognize different situations (e.g. when acceleration is constant versus when force is constant).

However, candidates often made general comments about student thinking early in the first semester.
In the first discussion of the “Owls and Snakes” case, for example, we heard many general claims about what
students understood or how they were reasoning. Candidates made declarative statements like “They were
thinking out loud, and thinking logically;” “They’re asking the right questions;” and ”They’re doing good stuff,
they’re reasoning, they’re connecting their prior knowledge” without including interpretations of students’
specific ideas to warrant their statements.

Candidates also made general comments about student thinking after long discussions of particular
students’ ideas. For example, in the "Owls and Snakes” case, the teacher presents the students with some data,
which leads to an interesting argument about whether or not the data fits students’ hypothesized relationship
between the owls and snakes. During the first viewing of the case, candidates had a long discussion about
particular students’ ideas during this segment (including a number of comments we coded as “specific” student
thinking), at the end of which Ryan made the following general claim:
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“I can see the students are, uh, doing something that I agree with, which is not assuming that
just because there's data that indicates something, that that means that [the owls and snakes
are] getting something out of it.”

Here, we see an example of a general statement about student thinking, which is an evaluation that the
students are doing something with which Ryan agrees. It differs from the other general statements above in
that, following a conversation about specific student ideas and reasoning, it is grounded in the interpretations
that candidates provided during the preceding conversation. Ryan was therefore able to specify what he liked
about the students’ argument — they did not assume that the data supported a particular answer.

When we looked at candidates’ general comments in the second discussion of the “Owls and Snakes”
case, we found that there were fewer general comments relative to specific comments. Also, the general
comments were all of the kind that followed interpretations of specific student ideas and reasoning; none were
the blanket evaluations we had seen in the first discussion. This kind of general claim about student thinking
draws on specific interpretations of students’ ideas and reasoning and can therefore provide novel and
productive warrants for the evaluation of student thinking.

Developing practices of attending to student thinking

In addition to exploring the content of what candidates attended to, we looked at how their participation in the
conversations changed over time. In the earliest discussions, four candidates spoke the most in the discussions:
Alex (the patent attorney), Brian and Elsa (post-doctoral scientists), and Ryan (an engineer by training). Alex in
particular seemed to understand that the central aspect of the practice of attending to student thinking was to
make claims about students’ meaning by identifying specific things that students said. As we discussed above,
Levin actively modeled this practice by asking candidates for specific examples. In the exchange below from
the first “Owls and Snakes” discussion, we see Alex jumping in with an example even before Levin has finished
asking for it:

Ryan: “I thought it was a really impressive class.”
Levin (instructor): “Say more about that, why?”

Ryan: “Because, uh, they were thinking out loud, and thinking logically, and the teacher was
doing a great job of getting them to use reasoning.”

Levin: “So let’s see if we can find — “ (overlapping with Alex)

Alex: (overlapping) “I like that distinction of that there’s the good, the good maid and the bad
maid, because the students are told there’s a distinction, right, some snakes are eaten and
some snakes aren’t, there’s eighty-nine percent that are alive and eleven percent that are dead,
although they’re not really told that they’re eaten. Only one seems to be half eaten. So they’re
trying to immediately come up with a reason about why there are these two groups, why some
snakes are alive and some snakes are dead and the reason that they come up with, well some
are good at burrowing and cleaning up the nest and some are bad at this job and so they’re
eaten by the owls. At least that’s an interesting reaction to being told there’s two groups and
they immediately come up with some mechanism, some reason, some logical reason to
explain why there are two groups, why there are alive and dead snakes.”

Throughout the case study discussions, Alex continued to identify examples of student thinking himself
and to provide interpretations of others’ examples to support evaluations. In some cases, he asked other
candidates to support their statements with references to the transcripts or student work, asking several times
“Where is that?” or “Where do you see that?” Alex appeared particularly comfortable with practices of
interpreting students’ meaning. Both in and outside of the pedagogy classes, Alex explained that his work as a
lawyer helped him to focus on what people were saying.

Although Alex and some others dominated the conversations at the beginning, others began to
participate within the first few case study discussions. By the second viewing of the “Owls and Snakes” case in
the second pedagogy course, multiple candidates were participating in long conversations about student thinking
without prompting from Levin. For example, Jack brought attention to a situation in the video in which a
student, responding to a question from the teacher, said that a particular piece of data could be “used to
evaluate” the students’ hypotheses about the relationship between the owls and snakes. Jack thought that the
student was just choosing one of the options the teacher had given him (can or cannot be used to evaluate the
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hypotheses) without thinking about it. Other candidates were not so sure. When the teacher asked the student,
“What does it add that will help us answer the question?” the student replied:

“Uh, it could enter the nest on its own. The snakes are capable of climb, climbing up trees,
and they can get to the nests on their own... and, if owls and snakes ever turn against each
other, they could use that as an advantage for like, uhhh, battle and stuff.”

Kay: “He’s saying that the snakes are making the choice to go there. Like I...”
Mark: “Right, that’s what I read here.”
Kay: “Right, and then that’s what’s important about it to him...”

Jack: “Right, so right. I see where that is important but I don’t know if [he] understands
that... he says, ‘Yeah, they can climb trees’... but then line 23 I don’t understand what he was
meaning there because [he’s] like, ‘If they ever turn against each other they can use that to
their advantage.’”

Maria: “He probably means they could just climb back down to escape.”

Kay interpreted the importance the student was placing on choice, but Jack questioned whether the
student understood why it was an important idea. Maria interpreted the student’s idea about why climbing trees
was advantageous to the snake. The point of this snippet is not to definitively interpret and evaluate the
student’s idea. The point is that the candidates were focused on trying to understand the student’s
unconventional idea and truly attending to his meaning -- with little scaffolding from Levin nor the participation
of Alex and other participants who had dominated the earlier conversations about student thinking.

Conclusions and future study

This work contributes to a growing understanding of novice teachers’ abilities to attend to the substance of
student thinking and provides insight into how their practices of doing so develop and change over time. We
show evidence that novice teachers can identify, interpret, and evaluate the substance of student thinking when
they participate in pedagogy courses designed to draw attention to this topic. Additionally, the candidates in our
pedagogy courses became more adept at drawing specific interpretations of student thinking and using these
interpretations to warrant general claims and evaluations of student understanding.

However, a particularly important aspect of our data is that the cohort of teacher candidates attended to
student thinking from the very beginning of the pedagogy course sequence. We believe that this finding has
important implications in terms of how to best conceptualize learning to attend to the substance of student
thinking. The predominant assumption in the noticing literature is that noticing is a “skill” (e.g. Jacobs et al.,
2007; van Es & Sherin, 2008). We challenge the use of the term “skill,” which typically implies something that
teachers do not know how to do until they have been taught. Even if the use of the term “skill” in the noticing
literature is not intended in this manner, we argue that conversations about learning should always be explicitly
connected to a strong theoretical base, and we do not believe that the term “skill” accurately captures what is
learned or how learning occurs.

Our data from this study support the presence of resources that teachers have to attend to the substance
of student thinking. To us, the existence of these resources is important because it suggests that teachers do not
learn a new skill in professional development or teacher education contexts, but that these contexts instead
activate resources that teachers already have. That is, focusing on the substance of student thinking is not
something developed de novo, but rather an activation of the resources that all people have for listening to the
meaning that another person is trying to convey. Thus, an important task for teacher education is to help pre-
service candidates draw upon these resources to support a framing of teaching in terms of attending to student
thinking.

We suggest that the framing of teaching in terms of attending to student thinking was not simply put in
place by Levin, the instructor, but was supported collectively through interaction among the participants in the
group. Alex and some other candidates, perhaps because of prior experiences in similar settings, entered into
the conversations very quickly and helped to support the framing that Levin was trying to establish. Over time,
Levin’s voice became less prominent as candidates pushed each other to articulate the specific evidence in
student thinking that warranted claims of students’ reasoning and understanding. The spirit of these exchanges
over case studies continued into the third semester of the program, where candidates presented case studies from
their own classrooms.
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Our findings also suggest productive avenues for further research. As we noted, there were differences
in the ways that individual candidates attended to student thinking. Some, like Alex, offered substantive
interpretations of students’ ideas from the very beginning. Others had difficulty doing this at first and seemed
to become better at it as they engaged more with the group and saw the practices modeled by other candidates.
We are pursuing more in-depth case studies of particular candidates in order to address these distinctions.

We are also examining candidates’ practices of attending to the substance of student thinking while
they are teaching in their own classrooms, where they must listen to student ideas in real time while trying to
manage other facets of the classroom and the curriculum. We have followed several candidates into the
classroom, and we plan to continue following them through induction and the early years of their teaching
careers in order to better understand how and when teachers attend and respond to the substance of student
thinking while teaching science.
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Abstract: This study elaborates collaborative productivity as self-sustaining processes along
with the role of the teacher in a knowledge building community. The participants were 22
fourth-graders, who investigated light over a three-month period facilitated by a veteran
teacher with the support of Knowledge Forum®. Content analysis of the students’ portfolios
indicates significant advancement of understanding. Qualitative analysis of classroom videos,
online discourse, and the teacher’s reflection journal identifies community interactions and
teacher scaffolding related to four interrelated processes. These include: (a) accumulating a
highly variable stock of information and ideas and mobilizing information connection; (b)
sustained, incremental idea development; (¢) critical examination and selection of ideas; and
(d) distributed emergent control. These processes elaborate self-organization mechanisms
underpinning collaborative productivity, informing new ways to scaffold knowledge building.

Introduction

With knowledge-based organizations pervading a knowledge economy and society, education is facing an
unprecedented demand of preparing students for collaborative and creative knowledge practices. Various
inquiry-based collaborative learning programs have emerged to achieve high-level collaborative productivity in
a learning community. Students engage in productive sharing, conversation, and collaborative problem solving
that lead to deep understanding and advancement of collective knowledge (Barron & Darling-Hammond, 2008;
Hmelo-Silver & Barrows, 2008). Efforts to explain and support collaborative productivity often focus on the
teacher/designer’s role in charting, organizing, and guiding the processes, with student collaborating in fixed
groups following specific scripts. This focus on “strong leader” is further heightened by the argument that
“minimally guided teaching techniques” do not work (Sweller et al., 2007). Alternative to this “strong leader”
explanation is a self-organization perspective: collaborative productivity emerges from complex, distributed
interactions with the teacher as an important participant; small intellectual input from the members builds on
one another to enable increasingly complex work and emergent progress. This self-organization perspective
gains support from the recent studies on creative research teams and professional communities (Dunbar, 1997,
Sawyer, 2007). In line with these studies, our recent design research traced the improvement of knowledge
building in a Grade 4 classroom. Over three years, the designs evolved from fixed-group collaboration that
involved extensive teacher-coordination to distributed, opportunistic collaboration. The third year design led to
most productive knowledge advancement (Zhang et al., 2009). The present study analyzes an extended iteration
of the above design experiment. The goal is to provide an elaborated account of collaborative productivity as
self-sustaining processes, which will inform new and expanded ways to scaffold knowledge building.

Our exploration of collaborative productivity as self-sustaining processes was inspired by recent
research on creative communities, such as productive research labs (Dunbar, 1997) and innovative professional
communities (Engestrom, 2008). A creative community works as a system that is further embedded in the larger
systems in a field (Csikszentmihalyi, 1999). Collaborative knowledge creation in these communities unfolds as
self-organizing and emergent processes. “[ TThe most innovative teams are those that can restructure themselves
in response to unexpected shifts in the environment; they don’t need a strong leader to tell them what to do.”
(Sawyer, 2007, p. 17) The mechanism of self-organization “is basically the combination of an evolutionary raw
material—a highly variable stock of information from which to select possible patterns—and a means for
experimentation, for selecting and testing new patterns.” (Meadows, 1999, p.15) In light of the notion of self-
organization, we synthesize four essential processes that sustain knowledge creation drawing on the literature on
creativity and knowledge creation.

(a) Accumulating a highly variable stock of information and ideas, with dynamic information flow.
Creativity emerges when individuals, often working in teams, produce novel variations to the domain that are
recognized by the field composed of peer workers (Csikszentmihalyi, 1999). Each domain (e.g., physics)
evolves a public knowledge base representing the state-of-the-art understanding (Bereiter, 2002). The public
knowledge space gives knowledge and ideas an out-in-the-world existence (e.g., in books). The current
knowledge base is the evolutionary outcome of the past work and meanwhile thinking resources and devices for
future advancement, with new advances rooted in the past and further informing ever deeper inquiries.

(b) Positive loops fueling idea generation and development: Positive feedback loops are self-
reinforcing, with the output of one operation becoming the input to another. As Dunbar (1997) observed in high-
performing research labs, researchers perform cognitive operations and pass the results on to peers, who then
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use the results as the input to further cognitive operations to create new theories and experiments. A series of
small operations may lead to major, often unexpected advances, which often cannot be attributed to any
individual. As a part of the positive loops, the knowledge gained about a topic helps knowledge workers to
further identify what is not known and ask deeper questions (Miyake & Norman, 1979), which lead to further
actions to advance knowledge (Bereiter & Scardamalia, 1993).

(c) Negative loops that enable critical examination and selection of ideas. Positive loops in a creative
system need to be coupled with, and slowed down by, self-correcting negative feedback loops in order to keep
important system states within safe bounds (Meadows, 1999). In academia, the negative loop is partly played
out through blinded peer review and critical academic discourse. The specific criteria used to judge whether a
contribution is an improvement/advancement differ across domains. Such criteria and related rules of
knowledge work are further internalized by individuals and become a part of their reflective thinking and
discourse, so that they can make smart decisions to tease out good ideas from bad ones and choose the most
promising ideas to work on in a way that can be accepted by peers (Csikszentmihalyi, 1999; Sternberg, 2003).

(d) Distributed emergent control. Innovative teams perform spontaneously (Sawyer, 2007). Team
members take on high-level collective cognitive responsibility: They collaboratively monitor their progress and
emergent goals, develop and refine work processes and procedures, and group and re-group in the service of the
emergent needs (Chatzkel, 2003). They invent and adopt various knowledge tools and artifacts to support their
productivity and expand the scope and sophistication of thinking (Hakkarainen, 2009). They critically reflect on
the social norms that specify accepted ways of conducting research and other knowledge practices, adjust
existing norms, and strive for new paradigms as needed (c.f. Sternberg, 2003).

Using the self-organization mechanisms as a lens, this study views into a knowledge building
community to understand how collaborative productivity occurs and can be enabled. In a knowledge building
community, students engage in continuous idea improvement to advance the state of the art of the community’s
knowledge, mirroring the socio-cognitive dynamics of knowledge creation in the real world (Bereiter, 2002;
Scardamalia, 2002). This process is augmented through technology-based environments such as Knowledge
Forum, which provides a communal knowledge space and related interaction tools for knowledge building
discourse (see Scardamalia, 2004). This study analyzes the knowledge building work of a Grade 4 classroom
facilitated by a highly accomplished teacher. The research questions include: (a) To what extent is the
knowledge building community productive, gauged based on communal and individual knowledge
advancement? (b) What are the essential community interactions that sustain productive knowledge building?
(c) What role does the teacher play in support of the above community dynamics?

Method

Participants

The participants were a class of 22 fourth-graders and their teacher at an elementary school in downtown
Toronto. This study analyzes their knowledge building work in optics conducted over a three-month period
supported by Knowledge Forum. The students had been using Knowledge Forum to conduct knowledge
building since Grade 1. The teacher had accumulated strong expertise in facilitating knowledge building. An
earlier study analyzed his three-year design experiment on improving classroom designs for knowledge building
in optics, with significant improvement found each year (Zhang et al., 2009).

The Knowledge Building Implementation

The optics inquiry was conducted in line with the knowledge building principles (Scardamalia, 2002). The
teacher particularly focused on enhancing student collective responsibility for advancing community
knowledge. Instead of having students work in fixed small groups, the teacher adopted an opportunistic
collaboration design that encouraged students to define and elaborate progressive inquiry goals and,
accordingly, adapt their participation structures over time (Zhang et al., 2009). As a result, the knowledge
building process involved a dynamic flow between individual inquiry, small group work, and whole-class
conversations and allowed students to group and re-group spontaneously based on their evolving goals. The
students engaged in knowledge building discourse in Knowledge Forum to contribute and improve their ideas,
mirroring and extending their discourse in the classroom. Their idea improvement was further supported by
constructive use of authoritative sources (e.g., books) and experimental work. Student ideas, problems, data, and
reading information were contributed to Knowledge Forum for sustained online discourse.

Data Analyses

To analyze the growth of the community’s knowledge space, we traced the online discourse in the seven views
(workspaces) to identify progressive questions and ideas and, then, compared the questions and ideas against the
curriculum guidelines. Individual knowledge growth was further assessed based on their portfolio notes. Each
student wrote three portfolio notes online that summarized their understanding of light in the first, second, and
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third month of the inquiry, respectively. The analysis first looked at whether a portfolio note addressed each of
the eight focal knowledge goals identified by the community (e.g. how lenses work). Following content analysis
(Chi, 1997), student writing related to each goal was then coded based on two four-point scales (Zhang et al.,
2007): (a) scientific sophistication (1 - pre-scientific, 2 - hybrid, 3 - basically scientific, and 4 - scientific) and
(b) epistemic complexity (1 - unelaborated facts, 2 — elaborated facts, 3 — unelaborated explanations, and 4 -
elaborated explanations), measuring effort to produce not only descriptions of the material world but theoretical
explanations of hidden mechanisms (Salmon, 1984). Two raters independently coded 12 portfolio notes to
assess inter-rater reliability, with full agreement for the coding of knowledge goals/themes, Cohen’s Kappa =
.83 for scientific sophistication, Cohen’s Kappa = .75 for epistemic complexity.

We analyzed classroom video transcriptions, online discourse, and the teacher’s reflection journal to
identify community interactions and teacher scaffolding that had sustained productive knowledge building. The
analysis integrated multiple levels and timescales, with holistic analysis of the whole initiative and detailed
analysis of activity components informing each other (Lemke, 2000). In the first phase, the focus was on the
community’s three-month inquiry, as a whole, to understand how it started and evolved and its changing
conceptual landscape. In the second phase, the focus was on each videotaped classroom episode, such as a
whole-class conversation, a small group activity, or a computer lab session, to identify its focus, context,
storyline, and connections with other episodes. In the final phase of detailed analysis, the focus was on each
conversation turn in an episode to understand the nature of the discourse move in relation to its preceding and
following conversation as well as the storyline of the episode identified in Phase 2. A more narrow approach to
conversation analysis (Sawyer, 2006) was used to identify patterns through an emergent inductive process
(Strauss & Corbin, 1998) without applying a predefined coding scheme and counting each code. Specifically,
we read and re-read the transcriptions and coded specific moves (e.g., asking a challenging question about a
peer’s idea, providing evidence) represented by different conversation turns, with the speaker of each turn
identified as either a student or the teacher. We then searched for connections across the specific codes in light
of the contexts of the episodes and the evolution of the whole inquiry, and aggregated the codes into fewer,
more encompassing themes, representing community-level (system-level) processes sustaining knowledge
building. Each theme involved multiple sub-themes, with the encompassed specific moves of the teacher and
those of the students considered side by side. The initial themes and sub-themes were then refined, elaborated,
and validated through theme to theme, theme to data, data to data comparison, including triangulating the
identified themes and sub-themes to the analysis of the teachers’ reflection journals and the online discourse.

Results

To What Extent is the Knowledge Building Community Productive?

Tracing the online discourse helped to understand the conceptual scope and depth of the community knowledge
space. Over the three months, a total of 168 notes (excluding the 66 portfolio notes) were created by the
community in several views in Knowledge Forum. In each view, the students identified deeper questions
leading to progress in understanding. For example, in the view of “Colors of Light and Rainbows,” the students
progressively examined how rainbows are created, why the colors are always in the same order, primary and
secondary colors, the nature of white light, and how we see colored objects. The student discourse addressed all
the expectations for Grade 4 in the Ontario Curriculum and further led the students to understanding many
issues expected for Grades 6 and 8, such as light waves, color vision, colors of opaque objects, concave and
convex lenses, the law of reflection. Individual knowledge advancement was assessed based on content analysis
of student portfolio notes written in the three months, respectively (Table 1). Repeated measures ANOVAs
revealed significant growth across the three months in the number of focal issues/goals addressed (F (2, 42) =
43.03, p < .001, partial n = 67), epistemic complexity (F (2, 42) = 69.20, p < .001, partial mn > = 77), and
scientific sophistication (F (2, 42) = 70.60, p < .001, partial n 2= 7).

Table 1: Student knowledge advancement measured based on their portfolio notes.

1st Month 2nd Month 3rd Month

# of focal issues addressed so far 4.27 (1.83) 6.41 (2.02) 7.36 (.95)

scientific sophistication (1- pre-scientific to 4 - scientific) 1.48 (.66) 2.25(.74) 2.81 (.48)

complexity (1-unelaborated fact to 4-elaborated explanation) | 1.32 (.64) 2.04 (.78) 2.91 (.70)

Note. Numbers are means and standard deviations.

Community Dynamics and the Role of the Teacher

We analyzed the video transcriptions, teacher reflection, and student online discourse to understand how the
productive knowledge building was achieved. A specific focus was on identifying significant moments of
progress and then tracing backward and forward across activity contexts to understand how the process came
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about and where it further went. For example, a whole class conversation was conducted on May 16 that led
progress in understanding how light interacts with opaque materials. The conversation began with students
sitting in a circle and sharing observations of different materials. The teacher then highlighted a question
originally raised by a student in Knowledge Forum: “Are all opaque things reflective like mirrors? ” The
following shows the first four of the 30 minutes or so discussion to address this and related problems.

Table 2: A Section of the Transcriptions of the May 16 Whole Class Conversation.

Transcription

Analysis highlight

2:20 GM: Well, there’[re] bricks, which are still opaque. But they’re not reflective.
But I don’t know what they are called, like that kind of opaque. JL

Identifying non-reflective
opaque materials, using a
tentative voice.

2:31 JL: I think all opaque materials are reflective, except not all of them reflect light
back. ... OK, let’s just say um like...a yellow carpet... your eyes would be able to
see the yellow of it because it would only reflect yellow light. That means like that
sort of like a tissue for example that would only reflect white, except the yellow
carpet, since it’s like green mixed with red, I believe. Then the beam of red [and
green] light would touch us and your eyes would take it in as yellow.

3:58 Teacher: So you’re saying everything is reflective then. Every opaque object is
reflective to some degree. Oh, I hear some people disagree. Can you pass it on? [JL:
SG.]

4:07 SG: What about wood? Wood isn’t reflective. JL.

4:53 FI: I think if wood is shiny and polished, you could see your reflection. I think
it’s mostly just shiny objects so it depends on what kind of wood you have, what kind
of table you have, if you see your reflection. SG.

5:12 SG: Like if you had a glass table.

5:16 Teacher: The question is: Are all opaque objects reflective? Have we answered
that? ... Do all opaque objects reflect light? Anyone has a theory or evidence to
support that? So, SG, it’s yours to pass. [SG: DN.]

5:35 DN: Um, actually all opaque objects do reflect light, because they reflect their
own color. So we see them as whatever color they are. TS. [inaudible student talking]

5:57 Teacher: Hold on, let’s hear him talk.

5:59 TS: If they didn’t reflect their own color, you wouldn’t see a brick of red, or
someone’s t-shirt as purple or whatever. RP.

6:11 RP: What about black?

6:14 Teacher: Don’t throw it back to him. Give your theory.

6:18 RP: I don’t think black reflects. I think that black might reflect light, but it
might not. Because we had a reading today that um all the colors of the rainbow make
white light and there is a note in the database about that, and everything reflects its
own color. But it didn’t say anything about black. EY.

Contributing an alternative
idea: All opaque materials
are reflective, by analyzing a
thought experiment (yellow
carpet), drawing on
knowledge of primary and
secondary colors.
Revoicing student idea;
highlighting contrasting
perspectives.

Bringing in an anomaly.

Re-analyzing and
interpreting the instance as
non-anomalous.
Supporting fact.
Highlighting/reminding a
focal problem and promoting
reflection on progress.
Articulating an idea and its
supporting thoughts.
Maintaining conversation
norms.
Extending and elaborating
idea.
Bringing in an anomaly.
Maintaining norms;
encourage initial thoughts.
Summarizing a reading and
an online note and
identifying black as an
unaddressed issue.

A number of important ideas emerged from the conversation (e.g., all opaque things are reflective,
expect black ones). Tracing each of these ideas back into the prior inquiry activities revealed striking historical
connections and incremental moves. For example, the idea that all opaque things are reflective is rooted in a
small group reading and related experiments on transparent, translucent, and opaque materials conducted on
May 9; the notion that opaque objects reflect light of their own colors traced back to May 12 when group
readings and discussions occurred focusing on how people see colored objects. These ideas were circled back
into the current conversation leading to new inferences, connections, and meanings and further informing
deeper problems and ideas.

Analyzing community interactions with each episode, such as the one shown above, and searching for
cross-episode connections helped to identify essential processes/patterns enabling collaborative productivity in
the community. Four thematic processes emerged, in consistence with the self-organization mechanisms
sustaining knowledge creation synthesized in the beginning of this paper.

Process 1: Accumulating a Highly Variable Stock of Information and Ideas and Mobilizing
Information Flow and Connection

Sub-process la: Accumulating a communal knowledge base that involves a richly connected history of ideas,
with new inquiries evolving out of the old. The students accumulated a communal knowledge base—supported
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by Knowledge Forum—that helped to enable historical continuity between the old, current, and future work.
Rich information flow took place on the basis of the community’s knowledge base. Specifically, the students
shared their understanding and challenges so as to construct a common ground while shaping emergent ideas
and goals. Old ideas, problems, and inquiry works were constantly referred to and circled back to advance the
current inquiry and discourse and further inform emergent goals (e.g., “going back to what X said about... ,
s0...”). There was rich cross-referencing between the online and offline spaces and between different inquiry
activities, as illustrated through the May 16 conversation analyzed above.

The teacher modeled making connections across ideas and activities and attempted to anchor all his
major input in student history of inquiry. Specifically, he worked with the students to formulate emerging
inquiry focuses/themes in the contexts of student prior inquiry and current interesting events. He helped to
ground classroom conversations in relation to students’ accumulated work and ideas, and highlighted
connections between current inquiry and prior readings, experiments, and discussions. He also facilitated the
online-offline connections, with important ideas and related inquiry work recorded in Knowledge Forum for
further discussion and inquiry (e.g. “Is anyone writing a note about this experiment?”’). When multiple small
groups were conducting different investigations in the classroom, the teacher was often called upon by the
students, who wanted to share with him their wonderments and excitements. He captured important progress of
understanding and then catalyzed community wide discussion, online and offline.

Sub-process 1b: Making constructive use of information from reading. Efforts to accumulate a vibrant
knowledge base were advanced through student constructive use of reading. To address important problems
emerged from their inquiry, the students found and read a large amount of material. They worked in groups to
understand difficult text, using reading strategies (e.g., questioning, reviewing, summarizing) to deepen their
comprehension and discussion. Reading professional text and bringing important concepts and information to
the community discourse helped the students to expand the knowledge base they could work with and
appropriate sophisticated language to represent and process their ideas. It further engaged the students in
reflective dialogues between their local understanding and knowledge out in the world (e.g., science
communities). Consistent findings from the readings were synthesized and used by the students to support and
extend their ideas. Inconsistencies were identified leading to further idea development.

The teacher modeled monitoring knowledge gaps in the community’s knowledge space and introduced
new readings by talking about existing questions and related ideas. As the inquiry went deep into the domain,
many of the students-generated problems required readings above their current grade level. The teacher
communicated his deep trust and high expectation and inspired students to collaboratively deal with difficult
text for deep understanding. He consulted student interest in the readings to set up reading groups. Occasionally,
he participated in the small groups to co-analyze and reflect on key information from readings, design related
experiments, model various reading strategies. Across the inquiry activities, he helped the students to see
connections between the current work and what they had read.

Process 2: Sustained Idea Development, Powered by Positive Feedback Loops

Sub-process 2a: The more we know, the more we can learn and generate: incremental idea development. The
students connected to and made use of their shared knowledge base and peers’ intellectual input to generate new
ideas and deepen understanding. In the online and offline discourse (e.g., Table 2), the students made
connections to and drew upon existing ideas and inquiry work to generate new ideas to address the focal
problems. They often contributed ideas in the form of tentative conditional statements (e.g., maybe...) open to
critics and further input (Engestrom, 2008). Their peers then responded to extend and elaborate these ideas; to
contribute related thought experiments (e.g., what will happen if...), analogies (e.g., between eye and camera),
observations, and supporting facts; to present alternative ideas and anomalies; to identify subordinate questions
and distill challenges; and to summarize different perspectives for deeper conceptualizations. These interactive
moves are characteristic of distributed reasoning observed in productive research teams (Dunbar, 1997), with
existing ideas and knowledge operations constantly taken up by peers to enable further advancement.

The teacher nurtured among his students a sense of epistemic agency and empowerment. He
communicated his deep trust that everyone had something worth saying and could contribute to knowledge
advancement. In classroom conversations, he (a) engaged in active listening to and reading of student ideas; (b)
expressed encouragement, interest, and excitement; (c) asked questions on student ideas for clarification and
deeper thinking; (d) highlighted interesting ideas (including misconceptions) and questions, along with possible
connections, controversies, and gaps; and (e) re-voiced student ideas (see Table 2) to make them more explicit
and formal in light of related domain concepts (Hmelo-Silver & Barrows, 2008; O’Connor & Michaels, 1992).

Sub-process 2b: The more we know, the more we realize that we do not know, driving us to know more:
Progressively identifying problems and formulating deeper goals. The students actively monitored and distilled
challenging questions emerging from their discussions, reading, and experiments. Integral to their classroom
conversations, they participated in meta-discourse to identify emergent questions and review conceptual
connections among the questions so as to evolve interconnected deeper goals. For example in the May 16
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conversation, the students identified questions such as: Does light reflect off of black opaque objects? How
comes a mirror reflect light of all colors? Identifying these issues led to further idea development in the
subsequent discourse, which then brought further problems of understanding to the fore.

The teacher explicitly encouraged students to take on high-level responsibilities and knowledge
operations for sustained deepening of understanding. He encouraged students to ask ‘why, why,” and not to be
content with a superficial answer. He built on student discussions of emergent questions to propose his framing
of focal inquiry goals, which was then discussed by the community. He engaged in deep listening to and reading
of student ideas and questions, highlighted important problems emerged from classroom conversations, and
asked questions to deepen student-generated ideas instead of directing the students to new tasks (Zhang et al.,
2009). He also reminded/brought back problems that had not been addressed and requested reflective review of
progress (e.g., “Could someone summarize what we’ve come to so far at this talk?””). The students oftentimes
did the same supported by the teacher’s modeling.

Process 3: Critical Examination and Selection of Ideas, as Negative Loops

Sub-process 3a: Individual reflection and critical idea examination in the discourse. Individual reflection
appeared to function as a bottom-level mechanism of idea examination and selection to make sure that everyone
contributed clearly presented and carefully reasoned out ideas addressing communal goals. When presenting
information and ideas, the students acknowledged the sources and connections to prior work of peers. They used
conditional statements and indicated both what they knew and what they were not sure about, in reflection of the
“half-baked” nature of their ideas. Student idea input was further examined and selected through critical
dialogues. In the dialogues (e.g., Table 2), the students challenged peer ideas by presenting alternative
explanations, identified and analyzed anomalies, and raised questions that challenged existing explanations. The
competing explanations, possible anomalies, and challenging questions per se then became objects of critical
discourse. The examination of two competing explanations might lead to giving up one of them; but in many
other cases, it led to rising above different perspectives towards more complicated explanations.

Related to idea examination and selection, the teacher was cautious not to be the judge of student ideas.
But rather, he highlighted rules of reflective contributions (e.g., contribute ideas with details) and engaged his
students in meta-discourse to review ideas, monitor gaps, conflicts, and challenges, and reflect on progress,
using identified contrasting perspectives to stimulate deeper examination and analysis.

Sub-process 3b: Empirical testing of ideas. Focusing on important questions and ideas about light, the
students designed and conducted experiments and observations, often in small groups. The students
collaboratively identified focal problems and deeper questions to be addressed, generated theories, designed
experiments, interpreted findings, and discussed new insights. They brought their new understanding and
supporting evidence to the subsequent discourse for broad sharing, collective scrutiny, and further build-on.
Their experiments were emergent and idea-centered instead of as pre-scripted tasks, with the goal of collecting
data to examine and develop explanations.

The teacher listened to and read student ideas and suggested the need of evidence to examine different
ideas, such as by saying: “I’m interested in your theory. Can you design an experiment to test this idea?” He
listened to student proposals for experiments and promoted reflective thinking, such as by asking: “What are the
questions you are trying to answer?” “What are the steps you will go through?” Based on the students’
proposals, the teacher helped them to find needed materials and instruments.

Process 4: Distributed Emergent Control
Sub-process 4a: Co-constructing principles, strategies, and support structures. In all types of inquiry work, the
students reflected on and talked about how things should be done, and why, leading to deep understanding of
what it means to work as a knowledge building community. They talked about collective ownership over
inquiry questions and ideas, so that a community member might read and find information that was beyond
his/her immediate personal focus. They talked about norms of knowledge building discourse, such as active
listening/reading, contributing ideas in full paragraphs with evidence and details, and making connected and
non-redundant input (e.g., do not write a note that simply repeats a question or idea). The community members
also co-developed and utilized a variety of externalized structures to guide, assist, and deepen knowledge
building. For example, to represent knowledge goals and guide their writing of reflective portfolio notes, the
students collectively generated a list of thematic questions (e.g., how mirrors work) in line with their focal goals
and then turned the questions into a set of new scaffold labels in Knowledge Forum. To assist experimental
design and reporting, the teacher and his students discussed and agreed on key elements of a scientific
experiment (e.g., theory, steps, results). The elements were then listed by each student in the front page of
his/her laboratory notebook.

In the classroom discourse/meta-discourse, the teacher discussed, modeled, and reminded students of
the basic conversation norms and rules, which encouraged collective engagement, reflective thinking, and
sustained improvement of ideas. He shared with the students his classroom design ideas open to their input.

54 + ©OISLS



ICLS 2010 + Volume 1

Sub-process 4b: Collective responsibility, adaptive roles, and opportunistic planning. The students
monitored progress of understanding, identified challenging issues to be addressed, and synthesized important
knowledge advances in each Knowledge Forum view. They brought the advances and challenges to whole-class
conversations to look into possible deep connections and formulate further inquiry goals. Individuals then
decided which aspects of the inquiry goals they wanted to contribute to and in what ways (e.g., theorizing,
experimenting, reading), with those who had shared interest often forming into temporary small groups. The
community awareness of who was working on what further created a social pressure that helped to increase
individual accountability (Zhang et al., 2009). Sometimes, student peers would ask a student/group: “You have
been working on this for a long time. You need to tell us what you have found.”

The teacher’s classroom design was characteristic of opportunistic planning (Sawyer, 2007). He
identified related “big ideas” in the domain and thought about how the ideas might be approached in light of his
understanding of knowledge building principles (Scardamalia, 2002) and observations of previous classes.
Doing so helped him to create a big picture in mind about how the inquiry might evolve while leaving all
detailed processes open and co-improvised with his students (Zhang et al., 2009). He actively observed student
work and listened to their ideas to understand their progress and challenges; contributed to meta-discourse to
formulate, distill, and highlight knowledge goals; created, linked, and adjusted view structures in Knowledge
Forum in line with the evolving goals; listened to student inquiry plans and gave suggestions; and walked
between small groups to understand their progress and offer on-site advising. Sometimes, he also proposed
action plans. When doing so, he always connected his proposals to existing ideas, questions, and input from the
students, such as by saying “I’m interested what X said earlier about...”

Discussion

The content analysis of the students’ online discourse and portfolio notes revealed high-level collaborative
productivity achieved by the community. The qualitative analyses of the classroom videos and teacher
reflections further elaborated four interrelated processes that sustained the collaborative productivity, with the
teacher’s roles identified in each of the processes.

Efforts to engage students in distributed, opportunistic collaboration for knowledge building often face
the questioning of how students possibly know what to do to make productive progress. Such questioning is
rooted in a common belief that students need a “strong leader” to chart and organize the process of knowledge
building and tell them what tasks/sub-tasks to be done and in which ways (e.g., using scripts). This study
elaborated collaborative productivity as emergent, self-organizing processes. Neither the teacher nor the
students knew beforehand how the inquiry would exactly unfold. The course of inquiry and collaboration and
the key moments of progress emerged from an interactional process in which the teacher and his students co-
contributed to the unfolding classroom flow. Student interactions augmented through the shared knowledge
space in Knowledge Forum enabled continuous and incremental idea development. They identified important
and relevant ideas from the past as the stepping-stones of their new inquiry, triggering deeper ideas and
problems. Each major idea was embedded in the evolving intellectual history of the community, gaining support
from the past work and further informing and enabling future idea development (Tabak, 2004). As a result, new
deepening goals and plans emerged as the inquiry history unfolded. Instead of having the teacher make high-
level decisions regarding the rules, structures, goals, and procedures, the community members took on
collective responsibility for evolving goals and developing productive practices and structures.

The significant advances in the community’s knowledge did not come about through sudden insights
that departed from existing knowledge, but through historical build-on, incremental refinement, and
accumulative selection of ideas (Cziko, 1995; Dunbar, 1997; Sawyer, 2007). Student ideas and questions were
constantly taken up by peers and used as the input to further operations of knowledge, leading to idea
generation, elaboration, diversification, and improvement. The advanced understanding further helped to inform
deeper problems at the frontier, enabling sustained cycles of progressive problem solving. Thus, the more they
knew, the more they could generate; and the more they realized that they needed to know. These positive loops
fueling sustained idea generation were coupled with critical idea examination and selection. In the knowledge
building discourse, ideas were often contributed in a tentative voice open to critics and further input; competing
explanations, possible anomalies, and challenging questions were raised calling for further examination of ideas;
empirical evidence was collected and brought to discussions.

Elaborating the self-organization mechanisms underpinning collaborative productivity sheds light on
various aspects of community scaffolding—the community as the provider as well as recipient of scaffolding—
through emergent, distributed processes (Davis & Miyake, 2004; Tabak, 2004). Members use their historically
accumulated ideas to support the current work and inform deepening goals; New ideas and inquiry strategies are
objectified and selectively retained to enabled further advances; Collaborative discourse among the members
enables sustained chains of distributed reasoning (Dunbar, 1997); Supportive principles, rules, and external
scaffolding structures are developed, monitored, and adapted through reflective discourse. The roles of the
teacher aligned with each of the processes exemplify specific teaching designs and strategies to nurture and
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support knowledge building. Viewing these specific roles and strategies through the lens of self-organization
helps to understand how these roles synergize with one another (Tabak, 2004) and how teacher scaffolding
leverages community scaffolding for productive knowledge building.

Future work needs to further examine the self-organization mechanisms that sustain collaborative
knowledge building in different grade levels and explore if some of the processes (e.g., positive and negative
loops) can be used as leverage points to help transform classrooms into creative communities.
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Abstract: Self-explanation is an instructional strategy that has shown to be beneficial for
math and science learning. However, it remains an open question whether these benefits will
extend to other domains like second language grammar learning. Within the domain of the
English article system (teaching students when to use a, an, the, or no article at all), we
compare two computer-based tutoring conditions in an in vivo classroom study. In the article
choice condition, students select the correct article to complete the sentence. In the
explanation choice condition, students are given a sentence with the correct article highlighted
and choose the rule or feature that best explains the article use. Students (N=101) in both
conditions show significant learning on both procedural (article choice) and declarative
(explanation choice) tasks. Not surprisingly, we found that declarative instruction (explanation
choice) led to significant learning of explanations, while procedural practice (article choice)
led to significant learning of the procedures. More interestingly, we also found evidence of
cross-type transfer such that declarative practice led to procedural gains and procedural
practice led to better understanding of the declarative rules. In general the effects of prompted
self-explanation appeared somewhat stronger than those of procedural practice.

Introduction

Self-explanation is an instructional strategy that has lead to increased learning by encouraging students to focus
on key features of the material (Roy & Chi, 2005). However, the majority of this work has been done in math
and science domains like physics (Chi, et al., 1989; Conati &VanLehn, 2000), geometry (Aleven & Koedinger,
2002), and biology (Chi, et al., 1994), with little existing work in domains like second language grammar
learning. The first self-explanation studies were correlational studies that demonstrated that students who self-
explain more learn more (Chi, 1989). Follow-up studies have shown that prompting students to self-explain
increases learning (Chi, et al., 1994), and that having students select explanations from a list of options (rather
than constructing free-formed responses like in previous studies) is also a successful technique (Aleven &
Koedinger, 2002; Renkl, 1999). However, despite being called a domain general strategy (Roy & Chi, 2005),
the self-explanation effect has not been extensively tested in domains other than math and science with the
exception of McNamara’s (2004) work on reading comprehension. Our work differs from previous work in its
focus on second language grammar acquisition, a problem-solving domain where there is a strong intuition that
immersive practice, without reflection on rules, is more natural and perhaps best.

In this paper we compare math and science learning and second language grammar acquisition and
discuss why self-explanation may or may not be beneficial for learning English grammar constructs. We then
describe two systems that we built to evaluate the self-explanation effect in an empirical classroom-based study
within the context of learning the English article system (teaching students when to say “a pencil” versus “the
pencil”). As expected, students in both conditions demonstrate significant learning gains on their tutored skill:
students in the tutored-practice (article choice) condition learn how to select the correct article, and students in
the self-explanation condition learn how to select correct explanations for article use. More surprisingly,
students in both conditions also show cross-type transfer with students in the article choice condition learning
how to select explanations and students in the self-explanation condition learning how to select the correct
article. These results are promising and suggest that self-explanation is beneficial for second language grammar
acquisition and leads to the refinement of both procedural and declarative knowledge.

Article Domain

We chose to focus on the domain of non-native English speakers learning the English article system because of
the importance of acquiring article use skills, the rule-based structure of the article system, and second language
acquisition theory that suggests articles are particularly well suited for a rule-based instructional approach.
Grammar errors can cause writing to become “intelligible”, “irritating”, or both (Ellis, 1994), and articles are
one of the last grammar points for English language learners to acquire (Master, 1997). We also chose article
use as a domain because its rule-based nature makes it a good candidate for studying the effects of self-

explanation in language learning. In contrast to domains like vocabulary learning where students must
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memorize arbitrary mappings, article usage is generally determined through a set of heuristics based on features
of the sentence (although many exceptions exist). For example, in the sentence, “Yesterday, I bought a car.
Today, the car broke,” the article the is used because the noun car has already been mentioned. Furthermore,
according to second language acquisition theory, some grammar constructs are better suited for rule-focused
instruction than others. For example, articles are a type of grammar construct that is often not required for
successful communication (i.e. readers likely understand the sentence, “Yesterday, I went to (no article) store”
even though “Yesterday, I went to the store” is correct), and thus articles and their function within a sentence
are unlikely to be noticed by learners without formal, rule-focused instruction (Williams & Evans 1998).

Domain Differences

While self-explanation has been very successful at increasing learning in math and science domains, there are
inherent differences between math and science and second language learning which may affect the success of
self-explanation in this new domain. One key difference lies in the pedagogical goals of the domains. In math
and science, often students are expected to be able to solve problems and explain the underlying principles. A
typical example of this expectation is in geometry where students are asked to determine the angles of a triangle
and provide the reason or rule(s) for their answer. However, the marker of a successful language learner is
fluency, and knowing when and how to use a particular construct is much more important than knowing why. In
fact, most native speakers of a language have no explicit knowledge of the rules driving their article decisions
yet rarely make mistakes. Another difference lies in the presence and absence of exceptions to rules. In math
and science, there are no exceptions. Provided that the proper conditions are met, a given rule will always apply.
However, there are frequent exceptions to grammar rules. For example, one rule listed in an English as a Second
Language grammar book states that no article should be used before the name of a disease (Cole, 2000); for
example, He has (no article) diabetes. However, many exceptions exists (e.g. He has the flu, She has a cold.)
Perhaps encouraging students to focus on rules and features of the sentence, which may sometimes prove to be
unreliable, is not an effective learning strategy.

Tutor Designs

In our study, we compared a condition where students were tutored on which article to use in a sentence (article
choice) to a condition where students were tutored on the features of the sentence relevant to article use
(explanation choice). Both tutors were developed using the Cognitive Tutoring Authoring Tools (Koedinger, et
al., 2004) and deployed online using Java WebStart. All student actions (answer selections, hint requests) were
logged and time-stamped. Both tutors had 56 example sentences and addressed eight rules for making article
decisions (e.g. “If the noun has already been mentioned, use the” or “If the noun is general and plural, use no
article.”). In order to finish working with the tutor, students must have answered all questions correctly.

The article choice condition (Figure 1) mimics cloze or fill-in-the-blank activities found in many
second language learning textbooks. Using dropdown menus, students select the article (“a”, “an”, “the”, or “no
article”) that best completes the sentence. They receive immediate feedback on their selection and have access
to a series of on-demand hints. This form of instruction is designed to give students practice using articles but
does not require them to give a reason or explanation for their choice.

C‘ Java Web Start

000 Student Interface
Student
11. lintroduced Al and Penny, and they got marr@‘ the %] next day.

12. | noarticle I+ 1 green plants produce oxygen.

13. In 1963, John K“ dy said he wanted men to go to the moon befe( : ) no article %1 next decade.

14. My apartment is o [N ST Itenth floor.

a

15. Il have | -select oni j that she is having.

16. [ -selectone- [§]m  the no like to eat snails.
no article p <
17. Coffee in this resturanvissomyz>cents —select one- |+ cup.

18. Mr. Richards forgot that his anniversary was | -select one- m same day as the football game.

19. My officeis on | -select one- [4] third floor.
Figure 1. In the article choice condition, students choose the article (a, an, the, no article) that best completes the
sentence (1), and receive immediate feedback on their selection. If the answer is right, it turns green (2), and red
if it is wrong (3).

58 + ©OISLS



ICLS 2010 + Volume 1

In this study, we chose to operationalize self-explanation in the form of a menu-based explanation
choice tutor. In this condition (Figure 2), students are presented with a sentence with the target article
highlighted and asked to choose the rule that best explains the article use. Again, students receive immediate
feedback on their selection and have access to hints. In this condition, students see examples of correct article
use but do not make any article decisions of their own.

& Self Explanation
000 Student Interface
Student

11. lintroduced Al and Penny, and they got married _the_ next day.
Why is “the” the correct article to use? Select one:

The noun is modified with an ordinal number (like "first" "second" "third") or other rankin... & ‘

12. _no article_ green plants produce oxygen.
2 Yv is “no article” the correct article to use? Select one:

The noun is general and plural 0:]

13. In 1963, John Kennedy said he wanted men to go to the moon before _the_ next decade.
hy is “the” the correct article to use? Select one:

T

3 )The noun is already known vl

14. My apartmentis on _the_ tenth floor.

< 1 Zy is “the” the correct article to use? Select one:

The noun is a single letter or numbers

"a" or "an" is used to mean "for each" or "per"

The noun phrase is a general singular count noun that begins with a vowel sound

The noun phrase begins with a consonant sound and is an indefinite singular count noun
The noun is general and non-count

The noun is general and plural

The noun is already known

The noun is modified with an ordinal number (like "first" "second" "third") or other ranking word (like "next" or "last")
The noun is modified with the word “same”

The noun has already been mentioned

The noun is made definite by a prepositional phrase

The noun is made definite by an adjective clause or an adjective phrase

Why is “a" the correct article to use? Select one:

T

--Select one-- A

Figure 2. In the explanation choice condition, students choose the feature of the sentence that best explains the
article use (1). Identical to the article choice condition, students receive immediate feedback on their selection.
If the answer is right, it turns green (2), and red if it is wrong (3).

Both tutors employed a similar series of hints that were presented upon student request. The hints first
identified the key feature(s) of the sentence, then provided the rule, and finally, in the article choice condition,
told students which article to select (Table 1).

Table 1: Example hint sequence for the article choice and explanation choice tutors.

Target Sentence: My office is on the third floor.

Article Choice Hints Explanation Choice Hints
1. "Third” is an ordinal number. 1. "Third” is an ordinal number.
2. Use “the” with ordinal numbers and other 2. Please select “The noun is an ordinal number
ranking words like “next” or “last”. (like “first”, “second”, “third”) or other ranking
3. Please select “the” from the highlighted menu. word (like “next” or “last”).

Hypothesis

Our study addresses the question of whether self-explanation is a helpful instructional strategy for second
language grammar learning. We hypothesize that students in the explanation choice condition will show greater
learning gains on article choice and explanation choice tasks than those in the article choice tutor. One
hypothesis for how prompts for self-explanation enhance learning is that they encourage students to notice
relevant features of the problem and enable students to become aware of gaps in their own knowledge (Roy &
Chi, 2005). This feature focusing technique may be beneficial to second language learning students by helping
them attend to parts of the sentence that are important for making article decisions and ignore irrelevant parts.
Within the field of second language learning, there have been several studies that have investigated the
differences between explicit and implicit grammar instruction. The findings from this study also contribute to
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this debate, since although both conditions are examples of focus on form instruction (Doughty, 2001), the
explanation choice condition which supports explicit practice of rules is an example of explicit instruction,
while the article choice condition affords a more implicit approach to learning. While both approaches have
their own merits, according to a meta-analysis by Norris and Ortega (2000) instructional strategies that include
explicit focus on rules, like the explanation choice condition, are more effective than strategies that are more
implicit in nature, like the article choice condition.

Self-explanation may also help students by strengthening multiple processes by which to make article
decisions. For example, students could solve the problem through an implicit strategy in which they choose the
article that sounds the most correct, or, if they become proficient at the rules, they could use an explicit strategy
and make their article decision based on the features of the sentence and the rule that applies. Thus, even though
the ultimate goal is to create expert users of the rule and not expert explainers of the rule, self-explanation may
still be a beneficial instructional technique.

Method

The study took place during one 50-minute class period. Students (N=118) were adult English language learners
(mean age = 27.9, SD=7.2) enrolled in the University of Pittsburgh’s English Language Institute who came from
a variety of first language backgrounds. In total, there were 13 first languages represented; however the majority
of students spoke Arabic (37%), Korean (18%), or Chinese (15%) as their native language. Students participated
in the study as part of their normal grammar class. There were three class levels: intermediate (n=30),
intermediate-advanced (n=61) and advanced (n=27). The session started with an introduction to the tutoring and
testing interfaces as well as a brief overview of the rules covered by the tutor. As adult language learners, all of
the students had received some prior instruction on article use, and the goal of the demonstration was simply to
introduce the vocabulary that was used in the tutors and to explain the tasks that the students would be
completing. Students then completed the article choice and explanation choice pretests. Next, students were
randomly assigned within each class to either the article choice or explanation choice condition and completed
the tutored problems. Finally, students did the article choice and explanation choice posttests (Figure 3). Pre-
and posttest forms were counterbalanced.

Article Choice
Tutor \
Article Choice Explanation Article Choice Explanation
Pretest Choice Pretest Posttest Choice Posttest
Explanation

Choice Tutor
Figure 3. The sequence of tasks students completed as part of the study.

Measures

All students were assessed on both procedural knowledge (article choice) and declarative knowledge
(explanation choice) items. Article choice items were isomorphic to those in the article choice tutoring
condition, and students chose the article that best completed the sentence. The explanation choice items were
also identical in form to those in the explanation choice tutoring condition, where students were given a
sentence with the correct article highlighted and asked to explain why that article was used. Two test forms were
created, each with twelve article choice and twelve explanation choice items. For each problem type, there were
eight questions that used rules taught in the tutor (tutored items) and four questions that used rules that were not
taught in the tutor (control items). These items were included in order to measure effects other than those from
the tutoring system (e.g. students becoming familiar with the interface or students becoming fatigued).

Data Sample

Since students participated in the study as part of their normal class activity, there was limited time within
which to collect data. Overall, 86% (101 out of 118) of the students completed all tasks; however, attrition
between conditions was not the same with 95% (55 out of 58) of students in the article choice condition and
77% (46 out of 60) of students in the explanation choice condition completing all tasks (x*(1, N=118) = 7.9, p =
0.005). Pretests scores for the remaining students were not significantly different (t(1, 99) = 1.31, p = 0.192)
(Table 2), but the trend is the direction of concern (i.e., consistent with the hypothesis that low prior knowledge
students were dropped from the explanation choice sample) with the explanation choice group having an
average pretest score of 62.9% and the article choice group at 58.9%. Based on observation and anecdotal
comments from the classroom teachers, students who ran out of time before completing the posttests fell into
one of two categories: students with low prior knowledge and students with high prior knowledge who were
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very meticulous and conscientious in their choices. One student did not take the pretest due to technical error
and was dropped from analysis.

Table 2: After attrition, the pretest scores were slightly higher than before attrition but there was no significant
difference between conditions.

Total Sample Sample After Attrition
Tutoring Condition N  Pretest Mean (SD) N Pretest Mean (SD)
Article Choice 58 0.583 (0.162) 55 0.589 (0.159)
Explanation Choice 59 0.604 (0.145) 46 0.629 (0.137)

Even though the pretest scores were not significantly different and we have reason to believe that
attrition may also occur because of the diligence of good students, we thought it best to use a statistical analysis
designed to address such a situation. Propensity score matching (PSM) is a technique that is often used in quasi-
experimental designs to correct for bias. PSM is similar to other types of matching but it combines several
variables into one score on which to cluster participants. Prior work has shown that using propensity scores to
divide students into five groups and then using this subclassification as an additional variable often removes
over 90% of the bias caused by each of the covariates (Rosenbaum & Rubin, 1984). In our study, we wanted to
account for bias due to attrition and thus first calculated a propensity score (1 = highly likely to complete the
study, 0 = very unlikely to complete the study) for each student by running a logistic regression with the binary
variable of whether or not students completed the posttests as the dependent variable. Covariates used in the
regression include: the log of the time spent on the article choice pretest, the log of the time spent on the
explanation choice pretest, the log of the time spent using the tutor, article choice pretest score, explanation
choice pretest score, and course level (intermediate, intermediate-advanced, advanced). The participants were
then divided into groups based on propensity score and this value was used as a between-subjects variable in the
all the analyses.

The main reason for grouping students using propensity score and not a single measure was that
individually none of the other variables were highly correlated with completion rate. However the propensity
score, which combines several measures, is highly correlated with whether or not a student would complete the
posttests (r(115)=0.84, p < 0.001) and thus a better metric on which to group.

Results

The following analyses were done with and without the PSM variable and resulted in the same conclusions.
Because we believe they are less biased and thus a more accurate description of the findings, here we report the
results that include the PSM variable.

Learning Gains

Repeated measures ANOVA analyses show that students in both conditions demonstrate significant pre to
posttest improvement on both the article choice measure (F(1, 95) = 29.44, p < 0.001) and the explanation
choice measure (F(1, 91) = 15.09, p < 0.001). In order to determine if tutoring condition had an effect on
posttest scores, a MANCOVA was calculated using article choice and explanation choice posttest scores as the
dependent variables, propensity group and tutoring condition as the independent variables, and article choice
and explanation choice pretest scores as covariates. This reveals a significant effect for condition (F(2, 88) =
5.38, p = 0.006). Finally, in order to understand the specific affects of the conditions, we ran univariate
between-subjects tests for each test type. These showed that condition significantly affected explanation choice
posttest scores (p=0.023) but not article choice posttest scores (p=0.153).

Figure 4 uses normalized gain (Hake, 1998) scores to illustrate these results: both groups are learning
the skill on which they were tutored (article choice students show improvement on the article choice task, and
explanation choice students show improvement on the explanation choice task). More surprisingly, both groups
are also learning the transfer skill (article choice students show improvement on the explanation items, and
explanation choice students show improvement on the article choice items). Furthermore, the effects of the self-
explanation condition appear stronger than those of procedural practice. Despite having no tutored practice on
article choice items, students in the explanation choice condition are showing equal gains on the article choice
measure compared to students in the article choice condition and significantly higher gains on the explanation
choice measure.
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Learning Gains by Condition and Test Type
0.50
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0.40
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Article Choice Explanation
Gain Choice Gain

Test Type

Figure 4: Normalized gains scores for article choice and explanation choice measures.

Surprisingly, we see cross-task transfer for both conditions: students using the article choice tutor show a small
but significant gain on the explanation choice items, and students using the explanation choice tutor, who had no
tutored practice with the article choice task, are showing equally high gain scores as those who used the article
choice tutor. In addition to the tutored rules, students were also assessed on four control rules that were not
included in the tutored material. These items were included in order to measure effects other than those from the
tutoring system (e.g. students becoming more familiar with the interface, fatigue, etc.). For these untutored
items, results of a repeated measures ANOVA investigating pre-to-post change across both conditions showed
no improvement for the article choice items (F(1, 95) = 0.01, p = 0.931) and a significant decrease on the
explanation choice items (F(1, 91) = 7.59, p = 0.007). These results support the conclusion that the observed
learning gains on the tutored rules were the result of students’ experiences with the tutors and not an
unobserved, external factor. The decrease in explanation performance on untutored items may reflect students’
tendency to use explanations consistent with the tutored items, which, of course, are incorrect for the untutored
items.

Processing Time

We also recorded the amount of time it took students to complete each assessment. Since measures of fluency
include both accuracy and speed, reducing the amount of processing time that a student requires is an important
goal. One concern with using self-explanation for teaching grammar is that it might take students longer to
generate a response if they use an explicit, rule-based strategy than if they use an implicit one. A repeated
measures ANOVA with log-transformed pre and posttest completion times as the dependent variables and
condition and propensity group as the independent variables, show that students in both conditions are
significantly faster at completing the posttest than the pretest for both measures (article choice: F(1, 95) = 76.28,
p < 0.001, explanation choice: F(1, 91) =275.32, p < 0.001) (Figures 5 & 6). A MANCOVA analysis with log-
transformed completion times for article choice and explanation choice posttests as dependent variables,
condition and propensity group as independent variables, and the log-transformed completion times for the
pretests as covariates shows no main effect for condition (F(2, 88) = 0.37, p =0.689). While students in both
tutoring conditions are completing the posttests significantly faster than they complete the pretests, students in
the self-explanation condition are completing the posttests just as fast as those in the article choice condition.

= Article Choice
Condition

= Article Choice
Condition

= = Explanation Choice
> o Condition

= = Explanation Choice
Condition

NoOWw A 1Y NN O

Time to Complete Article Choice
Assessment (mins)
Time to Complete Explanation
Choice Assessment (mins)

Pretest Time Posttest Time Pretest Time Posttest Time

Figures 5 & 6: Students in both conditions and for both measures completed the posttest significantly faster than
the pretest. More importantly, self-explanation instruction does not appear to be hinder students’ speed in
completing the mesures.
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Hint Usage

As mentioned above, the hint structure of the two tutors was very similar, and thus if students in both groups
heavily relied on the hints, their experiences with the tutors might be similar despite the task (article choice vs
explanation choice) differences. However, the log data show that students rarely request a hint (Figure 7).
Approximately 80% of students using the article choice tutor and 75% of students using the explanation choice
tutor requested hints on fewer than five problems (out of a total of 56 problems) and approximately 50% from
each group never requested a hint. This suggests that any similiarities seen in learning between the two
conditions is not a result of students seeing similar hints.

Number of tutored problems for which hints were requested
60%
50%
40%

30%
¥ Article Choice Condition

% of Students

20%
Explanation Choice Condition
10%

0%
No hints  1-5 problems 6-10 more than 10
problems problems

Figure 7: Overall, students using either tutoring system rarely asked for a hint to complete the problems.

Effects of First Language

Finally, in order to determine if a student’s first language (L1) had an effect on learning or if there was an
interaction between tutoring condition and first language, we first classified participants’ first languages into
one of three categories: L1 has both a definite and indefinite article, L1 does not have a definite but does have
an indefinite article, or L1 has neither a definite nor indefiniet article (Dryer, 2008) and then repeated the
MANCOVA analysis described above, adding first language category as an additional independent variable.
Results show no main effect for first langauge (F(4, 104) = 1.31, p = 0.270) and no interaction between first
language and tutoring condition (F(12, 104) = 0.683, p = 0.765).

Discussion

Both tutoring conditions were successful at increasing students’ procedural knowledge (article choice) and
declarative knowledge (explanation choice). These results suggest that students can learn from self-explaining
not only in math and science domains, but also in new domains like second language grammar learning. The
self-explanation prompts help students both to correctly use articles and to explicitly identify the rules driving
these decisions. Further supporting this finding is the timing data that shows students in the explanation choice
condition are solving the posttest problems just as quickly as their article choice counterparts. Thus, self-
explanation improves both facets of fluency, speed and accuracy, just as well as practice.

While one might expect students in the article choice condition to improve on the article choice posttest
and students in the explanation choice condition to improve on the explanation choice posttest, the fact that we
see cross-task transfer for both tutoring conditions is somewhat surprising, although not unprecedented. In their
study looking at the effects of self-explanation in geometry learning, Aleven & Koedinger (2002) saw similar
results in that students in both the self-explanation condition and problem-solving condition showed significant
learning in their ability to problem solve and in their ability to provide explanations or reasons. One key
difference is that in the geometry study, students in the self-explanation condition had practice with both
procedural (problem solving) and declarative (explaining) skills, while in our study, students in the self-
explanation condition did not have any procedural (article choice) practice and were tutored on declarative skills
(explanation choice) only. We hypothesize that the combination of worked examples (i.e. seeing the correct
article highlighted in the problem sentence) and self-explanation prompts encourages students to focus on the
features of the sentence that are important for making article decisions. They are then able to recall and apply
these rules when presented with procedural items on the posttest.

We see a similar but smaller effect for students in the procedural (article choice) condition in that
despite having no tutored practice on choosing explanations, they show significant improvement on the
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declarative items in the posttest. We hypothesize that the procedural instruction may have led to an increase in
declarative knowledge through students inductively learning the rules and perhaps a priming effect by the
pretest. Since all students took the explanation choice pretest, which asked them to use declarative knowledge,
students may have been looking for and inductively generating the rules from the tutored problems they
completed, accounting for the small but significant increase in declarative knowledge.

One limitation of this work is the generalizability of the results. Since the entire study was conducted
during one class period, we had limited time within which to collect data. Due to this limitation, less than 80%
of the students in the explanation choice condition finished all five stages of the study. While we used
propensity score matching to account for the attrition in the analysis, we cannot make strong claims about those
students for whom we have no posttest measures. As noted by the classroom teachers, students who did not
finish likely fell into one of two categories: those with low prior knowledge and those with high prior
knowledge who were very diligent. Perhaps self-explanation is not appropriate for all students. The
metalinguistic challenges involved in choosing explanations in a foreign language might be too difficult for the
low prior knowledge students, and asking very diligent students to self-explain each step may be an inefficient
use of class time. To address these issues, on-going research is investigating interventions designed to foster
feature-focusing behavior while minimizing metalinguistic difficulties as well as interweaving procedural and
declarative tasks in order to reduce the amount of overall time needed to complete the tutor.

In conclusion, this study is one of the first to investigate the effects of self-explanation on language
learning and presents promising results that prompted self-explanation helps students with procedural skills and
enables them to develop explicit knowledge of the rules. Further work is needed to investigate the robustness of
this effect and the extent to which this knowledge transfers to real-world production.
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Stressed yet Motivated: Web-Based Peer Assessed Competition as
an Instructional Approach in Higher Education

Abstract: The study explores peer assessed artifact competitions conducted in a college
setting. The competitions utilized a web-based environment for designing and enacting
collaborative online activities. Since peer assessed team competitions are extremely effective
in promoting learning yet are rarely conducted in higher education the study aimed at
disclosing students' feelings about such potentially stressful circumstances. The peer assessed
competitions were favorably accepted by most of the students who claimed that it improved
their performance. Moreover, students level of stress was correlated with putting more efforts
into the products and feeling that as a result its' quality improved. In addition, peer
assessments were highly correlated with the instructor's assessments and students reported
they trusted them regardless the rating received. Finally, Fear of Failure, as a personality trait,
predicted which students would report being anxious about the competition. Implications for
supporting such students are discussed.

Introduction

Research indicates that team competition as an instructional approach produces higher learning performances
than cooperative learning or competition among individuals (Slavin, 1980; Slavin et al., 1984; Fu et al., 2009;
Ke & Grabowski, 2007). In team competitions a certain number of individuals cooperate as a group to compete
against other groups. Such competitions are reported to be designed and successfully applied across various
higher education programs such as Business Management (Corner et al. 2006; Casile, & Wheeler, 2005),
Engineering (Cramer & Curten, 2005; Sansalone, 1990), Computing (Fu et al. 2009), and Instructional Design
(Kinzie et al. 1998; Rowland, 1994). For instance, Corner et al. (2006) describe a case team competition that
takes place every year where business management students analyze real-world complex case faculty members
produced with the help of local businesses. Students give excellent evaluations to this activity and faculty
members believe it is a wonderful experience. Cramer & Kurten (2005) too, describe a team competition
occurring each year - where engineering students design , develop and test a Canoe made of concrete - as a peak
experience in the program. However, all these studies ignore one of the most important pedagogical resources
relevant to team competition — peer assessments; typically, students' teams are assessed and ranked by juries or
faculty member, but not by the students themselves.

In higher education, peers have almost no input regarding their friends' projects flaws and merits, ways
to improve it, etc. Yet, socio-constructivists theories argue that peers are one of the most influential factors in
knowledge construction (Cole, 1996; Lave & Wenger, 1991). Peer assessment, in particular, has been shown to
have many advantages. Studies have indicated that peer assessment assists students to create higher quality
artifacts, as a consequence of better understanding of assessment criteria which they use when they play the role
of assessors (Falchikov, 2003; Smith et al. 2002; Kali & Ronen, 2008). Since peer assessments are rarely used
in competitive settings in higher education there is hardly any study that explored how students feel about
exposing their work to peers under such circumstances. One of the purposes of this study is to answer this
question.

Assuming that peer assessed competitions might have pedagogical advantages, orchestrating it
(assigning artifacts for peer assessments, calculating and publishing the results, etc.) is logistically complex,
hence, decrease faculties' incentive to embrace such an initiative. Recent e-leaning environments may provides
an efficient solution to this challenge, by facilitating the design, orchestration and enactment of peer assessed
competition activities, especially when dealing with artifacts that are produced in digital formats.

The CeLS (Collaborative e-Learning Structures), a web-based environment for designing and enacting
collaborative online activities (Ronen et. al., 2006), provides an efficient solution to such a challenge. Using a
friendly and intuitive interface lecturers use the CeLS to plan the competition and afterwards the successive
stages are automatically handled by the system, e.g., students submit their product (the environment is designed
to absorb multimedia artifacts), then, the environment randomly assigns a predetermined number of anonymous
artifacts for each student to assess, then, the students submit their assessments. Finally, each artifact is publicly
presented with peers' mean score plus anonymous verbal comments, adjacent to it. Typically each student
receives scores and verbal comments form about 10-20 peers - depending on number of students in the class and
number of artifacts each student is required to assess. Such a process allows for each artifact to be analyzed
from multiple perspectives and gives each student a rich and multifaceted feedback. Since the CeLS
environment supports the lecturer in structuring the activity and automates its enactment - using peer assessed
competition as an instructional strategy hardly puts extra demands on the lecturer. In our study the CeLS
environment was used to handle peer assessed competition activities in college level courses.
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The study
This study explores the pedagogical aspects of a peer assessed competition as an instructional approach in
higher education. Our aim was to assess the quality and perceived value of the feedbacks students give their
peers, and to figure out some of the motivational factors related to the fact that students know that their products
will be assessed and ranked by their peers, and eventually will be publicly discussed in front of the whole class.
How do students feel about such circumstances? Do they feel intimidated? Does it energize them? Do they put
more effort into the project then they would normally do? Are personality traits, such as fear of failure, related
to the ways they deal with the knowledge their products will be 'exposed' and assessed by their peers? Does fear
of failure inhibit competitiveness? Do they appreciate their peers' feedback? In particular the study addresses
three issues:
e How reliable are peer assessments? Do they correlate with the instructor's assessments? Do students trust
peer judges?
e To what extent students feel that the web-based competition motivated them and encouraged them to submit
better artifacts or, on the contrary, inhibited them and harmed their performance?
o s Fear of Failure, as a personality trait, related to students' attitudes toward web-based competitions? Better
understanding of the psychological dynamics related to such competitions might help us support students
who dislike such activities and experience excessive stress related to them.

Participants & Activities

Participants were 1* and 2™ year undergraduate students in an Instructional Technology B.A. program in a
technological college. The program's curriculum is fully dedicated to instructional technologies (there are no
other majors or minors) and students are involved in many team projects during their 3 years study. In the first
two years all students take the same compulsory courses, while elective courses are offered only in the 3" year.
As a result of these circumstances students' cohorts form very cohesive groups. This fact may have implications
on the ways students' experienced different aspects of the activity, such as the need to assess peers, the
experience of being assessed by peers, and the experience of overt competition, as will be demonstrated in
students' quotes reported later on.

41 1% first year students participated in an Introduction to Psychology course. As part of the social
psychology unit students were asked to apply attitude-change theories and design a poster and a brochure that
encourage parents to consider sending their children to schools that adopt constructivists' principles. Peers'
assessment and competition in this group dealt with the poster and its efficacy and potential impact for raising
awareness and attitude-change.

44 2™ year students participated in a Web based Inquiry Learning course. As part of the course the
students were asked to design and develop a prototype of a WebQuest (Dodge, 1995) dealing with an historical
dilemma (related to world war II) the lecturer provided. Peers' assessment and competition in this group dealt
with the WebQuest design. Students were encouraged to use a rubric (Dodge, 2001) to support the design and
the assessments process. The rubric contained assessment dimensions such as the effectiveness of motivational
strategies used to provide an engaging webquest, the appropriate use of collaborative learning strategies, the
sophistication of the task design in terms of encouraging higher-order thinking, etc.

Method & Tools

At the beginning of the semester students completed a Fear of Failure personality questionnaire (Performance
Failure Appraisal Inventory, Conroy, Willow & Metzler, 2002). The questionnaire measures the strength of
individuals’ beliefs in five aversive consequences of failing: fear of experiencing shame and embarrassment,
fear of devaluing one's self-esteem, fear of having an uncertain future, fear of important others losing interest
and fear of upsetting important others. The scores obtained from these five consequences are moderately- to
strongly-correlated with each other and their common variance can be modeled with a single higher-order factor
representing a general fear of failure. The breakdown of Fear of Failure to such 5 scales enables one to better
understand the exact cause of fear and properly address it (Conroy, Willow & Metzler, 2002). Fear of failure,
general, is believed to intimidate need for achievement and compositeness (McClelland, 1961).

During the semester students participated in the competition activity and were asked to assess their
peers' projects and grade the artifacts. The specific activities and their web-based implementation are detailed in
the next section. The competition activities were an integral part of the courses; participation as assessors was
credited while the actual grades for the artifacts were given only by the instructor and students' assessments and
ranking did not influence it.

Following the experience students answered a questionnaire (14 multiple selection items and one open
question) reflecting on their feelings and attitudes related to participating in the web-based competition and their
preferences regarding such projects. The questionnaire asked students to provide Likert type ratings to items
such as: "the fact that my artifact was rated by my peers: stressed me, made me put more effort into the project,
made me conduct more improvement trials, ended up improving my artifact", "peers' assessments seem valid to
me", "I would like to have more such competitive-like activities". The open question asked for students' opinion
about the competitive activity.
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Web-Based Competition: Instructional Design and Implementation

The competition activities were performed with CeLS (Collaborative e-Learning Structures), a web-based
environment for designing and enacting collaborative online activities (Ronen et. al., 2006). The system offers
content free templates and a searchable repository of sample activities that were implemented with students.
Teachers can explore these resources and adapt them to suit their needs or create new activities from basic
building blocks. CeLS unique feature is the ability to design activities that use learners' artifacts from previous
stages according to various Social Settings (e.g., one team accesses another team's project, a whole class gives
improvement ideas to one team, etc.). The Social Settings determine which and how many artifacts would be
presented to each participant for further interaction. This feature is exploited in order to design the competition
activities and to facilitate their enactment in a real setting. The general structure of a competition activity
consists of three stages (Figure 1):

Stage 1 presents the activity and provides a dedicated place for the artifacts submission. The
submission interface is adapted by the teacher to suit the artifact's requirements: in the posters competition, in
our study, the interface invited students to summit JPG files up to 300kB and in the WebQuest competition a
the interface provided a location for submitting a proper link to a website. The artifacts submitted can be
individual or group products, as defined by the Social Settings. In our case the artifacts were group products.
This definition would enable either of the group members to submit the artifact then ensure that in the
assessment stage a student would not be presented with her own group's artifact.

Stage 1 Stage 2 Stage 3
Artifacts submission Assessment Results & Reflection
[N — N — N
i I:_ 3

Assessment

.1. ‘l’l
e b @ it st

Figure 1. The general structure of a competition activity implemented with CeLS.

Stage 2: The Assessment stage starts with relevant instructions, then (some or all) peer artifacts are
presented for voting (see Figure 2a). The artifacts are presented anonymously to the peers. If the activity
involves assessing many artifacts (as in the Poster competition) or if the artifacts are complex and their
assessment requires considerable effort (as in the WebQuest competition), it would be advisable to restrict the
load and present each judge with a limited number of artifacts. Therefore, each judge in the Poster competition
was asked to assess § artifacts (Figure 2a) while in the WebQuest competition only 5 artifacts were assessed by
each student. Students were allowed a couple of days for these assessments. The Assessment interface in our
competition activities was adjusted so that each assessor had to provide an overall grade and verbal
justifications and explanations. If an activity would require a more detailed evaluation addressing various
criteria, the Assessment interface could be a questionnaire or a rubric.

Stage 3 presents the competition overall results (see example Figure 2b). The teacher can show the
assessment details (grades and justifications) for all artifacts (presented anonymously) to all students or to
present each participant only with the details for his own product.

Figure 2 presents partial sample screens from Stage 2 and Stage 3 of the poster competition.
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(a) Poster Competition - Judging
Following are 8 of the posters submitted by your peers. Assess the efficacy
of each poster for affecting attitudes and justify your assessment.
Refer to the CONCEPT, message and idea rather than to the artwork.

UCilElef Sl 2ok (b) Poster Competition - Results :

m Summary (43 voters)

wedeicly My grade Poster  Votes Mean STD
Justifications

g —= | 18 365 122

21 g2s | 104

20 808 128

Justifications

21 T84 184

Figure 2. Sample screens from the poster competition. (a) Stage 2 (b) Stage 3.

Results

First we will present data regarding the quality and worth trustfulness of peers' assessments and to what extent
they feel their peers judged their artifact fairly. Then we will present students' attitudes toward competing and
being assessed by peers and their perception of the impact of the competition approach on the quality of the
artifacts. Finally, we will report about the relationships between Fear of Failure as a personality trait and
students' attitudes toward web-based competition activities.

Students as Assessors

Table 1 presents the correlations between students' mean ratings of artifacts and the lecturer's independent
ratings. Similar to Kali & Ronen (2008) findings, students' mean ratings seem to be valid and correlate nicely
with the instructor's grades.

Table 1: Correlations between students' mean ratings of artifacts and the lecturer's independent ratings.

Activity # of Artifacts r p
Year 1: Poster Competition 20 0.82 0.000004
Year 2: WebQuest Competition 24 0.68 0.0001

There is a noticeable difference between the two correlations presented in Table 1. The higher
correlation between students and instructor in the Poster competition is probably due to the fact that the artifact
is less complex and less multi dimensional then the WebQuest one. In the WebQuest activity the assessment
process was much more demanding. As a result some sudents were biased by salient features (such as interface
and visual design) rather than assessing factors such as the pedagogical value of the WebQuest, resulting in a
lower correlation between students' and instructor's assessments.

Students' comments to artifacts were interesting, non-repetitive, and provided an enriching and
insightful analysis of the artifacts. It seems that a feedback given only by the instructor could not provide the
intellectual and emotional impact of such a multiple perspectives feedback to many artifacts (see examples in
Figure 3).
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A poster ranked highly by peers and instructar

L. How much can a kid absorb?

There is another T

- Constructivist Education
Learning is constructed
experiential and challenging

Fear
grade

Justification

& wrery nice way to represert symbolically the idea
[the sponge), plos a strong appeal to erotion. The

g ~verbal inforrnation is also weypy fooused, it offers an
alternattve which emphasizes experiential,
constructivist learming principles. A1 Kuhn's ideas
are very well represented in this poster.

I lovve the message which brings e back to the
tirre where I studies History and had to leam by
9 heart many 'dry' facts. It stresses the point that
students abgorh the material nsing rote learning and
then thev Srommit' it. Loved if.
This poster may canse actual attitude change!
Parents would not want their children to be like a
sponge with no mnderstanding! Parents would like
3 thetr cluld to learr, develop, wnderstanding. The
idea 15 very well capsulated and is wery clear. The
message will have a strong emotional irmpact on
parents.

Volume 1

A poster ranked poarly by peers and instructor

Environmental Contiol

| B =k —
B Anemones” Tiekd Foluled Sod |

F)

~ --,'r"'
& _P

3>

e AT
(F)
ENEANT™T o T
;;E; Justification

It seerns that the message intended to be
delreered is that classroom materials ave neither
interesting nor relevant to children. They have

] big drearns and should be provided with means
to reach these dreams. An alternative is missing:
What should be done in order to bring relevance
to the educational systern?
Crerload of text and of visual elements as well.
There is 1o clear saying. It is irnpossible to

3 understand frorm the poster what is the problem
and how to deal with it. The sraphic design isn't
irnpressive either.
Althogh it 1z obrdous that & lot of work and
thought was put inthe poster no real rmessage is
delrrered, particularly when the topic we are

3 dealitg with 1z considered. One has to 'shock’
the andience raore heavily with clear-cut
sentences that indicate what is the problem and
what should be done to fixit.

Good idea bt it is somewhat unelear — the
conforrity on the one hand versus the over-

7 erphasized wish to be mague on the other -l
whohwhat cowld help children becorae arigue?
What is the next step?

Figure 3. Examples of posters and few sample peers’ assessments.

Uses huror in an effective strategy. Dioes not use a
siraplistic one-sided attitude change strategy but
rather a sophisticated message delneered lightly and
clearly.

Most students in both classes (about 80%) felt that peer assessments to their own artifacts were valid and fair.
No significant correlation was found between the appreciation of peer grades' validity and the actual grades
granted by the peers, meaning that this view was shared also by students whose artifacts were judged less
favorably by their peers.

Competition as an Instructional Strategy — Student's Views
The analysis of 1" and 2™ year students' responses to the reflective questionnaire and interviews revealed very
similar distributions, therefore we shall refer to both groups as a whole (N=85).

Most students felt that the awareness to the fact that their artifacts would be exposed and assessed by
peers resulted in a better product (Table 2).

Table 2 : Perceived impact of the awareness that the artifacts would be assessed by peers on artifacts' quality.

Perceived impact on artifacts' quality (%)
Little Some Large Very large
20 40 22 4

None
14

Only few students (4%) reported that the competition was somewhat "paralyzing" resulting in a detrimental
effect upon their artifacts.

As could be expected, self reported motivation caused by the competition (items such as "the fact that
my artifact was rated by my peers: made me put more effort into the project") was significantly correlated with
the perception of positive effect on products' quality (r=0.72 p<0.000001). The more interesting finding is
related to the perception of stress caused by the competition activity (based on the item: "the fact that my artifact
was graded by my peers stressed me"). Even if no correlation was found between the degree of stress caused by
the activity and the perceived impact on products' quality, the estimation of stress was significantly correlated
with the perception of effort devoted to the creation of the artifacts (r=0.33 p<0.001), meaning that students who
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admitted to being more stressed also felt that they have devoted more time and effort to the activity. The
beneficial effect of "some stress" is demonstrated in Table 3 that presents the student's perceptions of the
competition activity as motivating and as stressing.

Table 3: Student's perceptions of the competition as a motivating and as a stressing activity (N=85).

Motivation (%)
none some much Total
none 4 23 23 50
Stress (%) some 2 20 24 46
much 1 3 4
Total 7 43 50 100

Even if most (60%) would favor using competition activities in academic courses, in their detailed
comments many recommended not to "overuse" this strategy and to restrict it to once in a semester in order not
to impose an "exaggerated" workload. The quantitative aspects were supported by students' written comments.
Following are few examples of students’ opinions regarding peer judged competition as an instructional
method:

Positive opinions:

- It is very motivating. It made me put lots of effort. I think that without the competitive factor I wouldn't have
achieved such a success in this WebQuest activity. In addition the CeLS environment allowed us all to see
each others' products, which is very nice for comparing and learning.

- The number of WebQuests we had to assess (5) was just right. I would not ask students to assess more then
that. I believe competition is always a good idea. The fact that the leading products were presented and
discussed in class made me feel really good after all the effort I have put in it.

- T am a competitive type so this method really helped me to achieve a meaningful product. I was enriched by
viewing the elaborated products of my peers. To summarize, it was fun and educative.

Ambivalent opinions:

- I think the competitive activity is useful, efficient and contributing as long as a rubric is provided and the
grading process is led by it. In this WebQuest activity we were encouraged to use a rubric. According to the
competition results, it seems that not everyone used it - so there isn't enough uniformity in the grades given by
peers and in some cases there weren't sufficient explanations to support assigned grades.

- I think that to some extent the competition did stimulate interest and encouraged teams to produce better
WebQuests — yet, personally I believe that it is not always good to conduct such competitions since it might
create tensions between class members, create uncomfortable situations, or unreliable results.

- I don't like so much competitive activities. Working in a primary school I saw cases where students gave up in
advance, since they thought they don't have a chance. On the other hand — I think that from time to time, such
an experience could be a fun and refreshing.

- Competition could paralyze people with low self-confidence — yet, with right team work such a problem
might be less dominant. I believe in competition, believe it motivates, and produces higher quality products.
Of course one shouldn't exaggerate and put people into too much pressure.

- Competition is a good yet problematic method. It was difficult for me to assess close friends from our class. In
addition, competitive students would not want to give high grade to others that might surpass them. In a small
and cohesive class as ours - it is hard to critique others.

Negative opinions:

- Some people need to learn how to provide feedback to others — and the lecturer needs to stress it.

- After reading the feedback given to our WebQuest I was pissed off. I realized that people drastically punished
us for criteria that weren't relevant. It seems that people didn't realize what the purpose of the activity was.
Some groups created a fully functioning web site rather then a prototype. As a result feedback focused on
usability and visual design aspects rather then the criteria defined by the rubric provided.

- The problem with competition is that it puts pressure on those who are highly anxious. I am sorry thatin our
class (1% year, poster project) anxiety is more salient then healthy competition. But maybe it is only our class
and when time passes it will change.

One can see the competitive activity raised some intense emotions. Some students loved it while others
were skeptical about their peers' feedback and worried about augmenting the anxiety level in class. It seems that
most of the students felt that activity was refreshing and fruitful yet shouldn't be implemented too often.

Fear of failure and students’ attitudes toward Web-based competition

Fear of failure was found to be related to participants' negative attitudes towards web-based competition. There
was a considerable correlation (r=.47 p<.01) between Fear of Failure (sub-scale related to devaluing one's self-
esteem) and participants' reporting that the competition paralyzed them. Similarly, Fear of failure (sub-scale
related fear of upsetting important others) was correlated to students' preference to have peers assessments
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without numeric grades and competitive aspects (r=4 p<.01). On the other hand, Fear of Failure (sub-scale
related to fear of experiencing shame and embarrassment) was correlated with reporting about conducting more
improvement trials (r=.32 p<.01).

It seems, thus, that fear of failure has different dimensions and is not a holistic psychological
phenomenon with uniform consequences. Some dimensions (e.g., devaluing one's self esteem, or fear of
upsetting important others) might inhibit students and consequently cause a decline in performance, whereas
others (such as fear of experiencing shame and embarrassment), on the contrary, might boost students'
motivation and make them invest more effort in their artifacts. Such fine differentiations might give instructors a
clue regarding ways to support students who experience excessive stress related to peer-assessed competitions.
For instance, instructors could encourage anxious students to try and diminish the direct, and at times painful,
connection between their products and their self-esteem. Alternatively, an instructor could gently suggest that as
grownups, important others might perceive such students more favorably then dominant persons related to their
past.

Discussion

The findings support previous reports which provide evidence that peer assessments are trust worthy, reliable,
and in many cases highly correlate with instructors' assessments (Kali & Ronen, 2008). Students' verbal
comments in our study demonstrate the emotional and intellectual advantage of feedback provided from
multiple perspectives as compared to feedback provided exclusively from the instructor. Students' comment to
peers' artifacts seem to be enriching, interesting, stimulating and honest. Despite the concerns of few, most
students reported they trusted their friends' feedback, and this was true also for students who did not do so well.

Most students believe that the awareness to the fact that their products would be assessed by their peers
boosted their motivation and as a result they submitted better artifacts. The fact that the experience of stress was
positively correlated with effort invested supports the famous inverted U theory (e.g., Muse et al., 2003) which
claims that moderate amounts of stress improves performance. However, our data suggests that some students
might experience intense stress related to peer ranking and competition; Students who tend to devalue
themselves as a result of failure, and students who tend to fear they upset important others when they fail — seem
to have experienced the competition as paralyzing and would prefer not be ranked by their peers. On the other
hand students who tend to feel embarrassed as a result of failure seem to put more effort and improve their
performance. These findings shed some light on the possible dynamics causing some students to be paralyzed
by competitive-like activities and provide some clues on how an instructor might support them.

The academic grading system is based on competitive sorting. Many believe that competition is
detrimental to learning and to intrinsic motivation and call for the minimization of its effects by means of
educational strategies such as collaborative learning (Kohn, 1992). Do competitive learning activities augment
the harmful effects of grading and competitive sorting? Our quantitative and qualitative data supports studies
that claim the team competition is and effective and engaging experience (Slavin, 1980; Slavin et al., 1984; Fu
et al., 2009; Ke & Grabowski, 2007). Recent motivation theories (Covington & Wiedenhaupt, 1997) argue that
intrinsic and extrinsic motivations are two independent dimensions (they suggest a quadripolar model rather
than a bipolar one). Thus, despite the fact that competition factors might increase extrinsic motivation, one
might still be intrinsically involved in a task, as long as it is intriguing, fun, and more similar to 'play' rather then
'work' (Covington & Wiedenhaupt, 1997). One can be stressed yet intrinsically motivated at the same time.
Nemerow (1996) reached similar conclusions: In a study applying both competitive and noncompetitive games,
students were surveyed to find out how they felt about the games and what they learned from them. Results
indicated that competitive games helped students improve self-esteem, peer relationships, and learning, yet, the
students described the competition as motivating but also producing pressure.

The competitive learning experience in our study seemed to endorse a playful climate and to
intrinsically engage most of our students and caused many of them to believe they improved their performance.
Other higher education studies which experimented with similar, fun, team competition activities support this
notion (e.g., Corner et al. 2006; Casile, & Wheeler, 2005; Cramer & Curten, 2005; Kinzie et al. 1998).

Summary & Concluding Remarks

The fact that the team competition activities energized students in our study and made them believe that it
improved their products might indicate that when a favorable social climate is created most learners might enjoy
and benefit from the 'public' exposure and competitive situation involved with peer ranking and assessments.
The rich and divers nature of multiple perspective feedback seems to have a good potential of augmenting
learning processes and meta-cognitive self-assessment abilities (White & Frederiksen, 2000). Teachers in higher
education should consider using more often such strategies in any discipline where the creation of original
artifacts is relevant. As long as they succeed to create a playful, psychologically safe learning environment,
chances are most students will get intrinsically involved, enjoy the experience, and as a result of assessing
others' work, become more reflective about their own learning. Using a web-based environment such as CeLS
takes care of the logistic hassles and increases the chances that faculty members will enjoy the experience as
well.
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Assessing Change in Learner’s Causal Understanding
Using Sequential Analysis and Causal Maps

Allan Jeong, Florida State University, Department of Educational Psychology & Learning Systems,
Instructional Systems Program, Stone Building Rm. 3205E, ajeong@fsu.edu

Abstract: New methods are needed to assess how group discourse triggers changes in causal maps and to
measure and visualize across time how changes in causal maps of individuals or the collective group
progress toward the group or target map. The software tool, JMAP, was developed to enable learners to
individually produce causal maps, download and aggregate the maps across learners. It aggregates learners’
maps to reveal similarities between individual/group maps, the percentage of maps sharing particular causal
links, average causal strength assigned to specific links, and degree of match between maps of the
collective group and target/expert diagram. jJMAP produces data to create transitional state diagrams for
visualizing how causal maps change over time and the effects of specific dialogic processes. This paper
presents findings from two case studies to illustrate how jMAP can be used to support the assessment of
causal understanding, and identifies areas for future research.

Introduction

Each one of us holds different beliefs and theories about the world. Learners’ theories can be conceived, articulated,
and assessed more efficiently in the form of causal maps - networks of events (nodes) and causal relationships
(links) between events — than in the form of linearly written text. Some causal maps may be more accurate than
others—depending on the presence and/or absence of supporting evidence; and some maps and the causal links
within the maps may be more or less firmly held—depending on both the strength of the supporting evidence and
the strength of specific causal relationships. Furthermore, causal maps are not fixed and unchanging. Instead, they
are incomplete and constantly evolving; may contain errors, misconceptions, and contradictions; may provide
simplified explanations of complex phenomena; and may often contain implicit measures of uncertainty about their
validity (Seel, 2003). As a result, causal maps can change, but usually not randomly. That is, we presume that events
trigger and provide the impetus for change. Causal maps and other similar forms of visual representations are being
increasingly used to help assess learners’ understanding of complex domains and/or learners’ progress towards
increased understanding (Spector & Koszalka, 2004; Nesbit & Adesope, 2006). However, the methods and software
tools to measure how learner’s maps change over time (Ifenthaler & Seel, 2005; Doyle & Radzicki, 2007) and how
specific events (e.g., pedagogical discourse) trigger changes in learners’ causal maps (Shute, Jeong, & Zapata-
Rivera, in press) have not yet been adequately addressed.

To address some of these methodological challenges, Ifenthaler and Seel (2005) used transitional probabilities to
determine how likely learner’s maps (when examined at as a whole) changed in structural similarity across eight
different time periods. Raters were given a specially designed questionnaire to determine ifa learner’s map at one
point differed in structure from the learner’s map produced from the most previous point in time. The study found
that maps were most likely to change in structure at the early stages of the map construction process with the
likelihood of changes dropping from one version to the next. However, Ifenthaler (2008) found that changes in
scores on seven of nine measures of structural quality (e.g., total number of links, level of connectedness, average
number of incoming and outgoing vertices per node) had no correlation to the degree to which the learners’ maps
matched the expert map. Not surprisingly, the one aspect of the learners’ maps that did correlate to learning was the
number of links shared between the learner’s map and the expert map. These findings altogether suggest that
measures used to gauge changes at the global level (where the unit of analysis is the map as a whole) and measures
that are not scored in relation to a target map (e.g., expert or collective group map) may have little or no value as an
assessment tool.

One alternative approach is to measure changes at a more micro-level using the node-link-node as the unit of
analysis and unit of comparison between learners’ and target maps. At this level, we can examine how likely links
between specific nodes are to change from one state to another (e.g., strong vs. moderate vs. weak vs. no causal
impact; or high vs. moderate vs. low probability/confidence) as maps change over time. We also see to what extent
the observed changes in the values of each causal link converge towards the target causal link values present in the
target map. For example, we expect that the causal link values for links representing learner’s misconceptions (e.g.,
erroneous links not observed in the target map) or learners’ shallow understandings (e.g., links between two nodes
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not directly related and/or better explained by inserting a mediating node) will converge towards a value of 0 (no
causal link) over time, following a close examination and critical discussion of the causal relationships. At the same
time, the expectation is that the causal link values of the links not observed in a learner’s map (but present in the
target map) will progress from a value of 0 to the value observed in the target map. Using the node-link-node as the
unit of analysis enables a precise examination of how and to what extent observed changes in targeted links help
and/or inhibit learners from achieving the target learning outcomes (e.g., deeper and more accurate understanding).
Furthermore, this approach enables us to examine how specific interventions/events (e.g., depth of argumentation,
the production of supporting evidence) affect the direction and magnitude of changes across links that are missing or
links that are valid or invalid.

For example, Shute, Jeong & Zapata-Rivera (in press) conducted a study to examine the processes of
collaborative theory construction in an online graduate course on instructional technology. In this study, each
student used JMAP to individually construct a causal diagram (at the beginning, middle, and end of the semester)
that explains the complex events and conditions (including intermediate events and their causal relationships) that
determine when the use of media technology increases learning and achievement. In the causal maps, students
assigned a strength value to each causal link (1 = weak, 2 = moderate, 3 = strong impact) based on personal
experiences and empirical literature examined in the course. In addition, students were instructed to specify with
each causal link added to the causal diagram the quality of evidence they possessed and/or compiled to justify the
plausibility of each given link (0 = no evidence, 1 = weak evidence, 2 = moderate evidence, 3 = strong evidence). In
this case study, the experimenters coded all the maps by hand and causal links into adjacency matrices because the
early versions of jJMAP did not perform this function. Once coded, j]MAP was used to tabulate the sequential
changes in causal links observed in each student’s causal diagrams produced prior to and subsequent to
collaborative work (identifying factors; collecting, annotating, and sharing supporting evidence; cross-examining the
evidence; interpreting the evidence; consensus making).

The Discussion Analysis Tool (Jeong, 2005) was then used to sequentially analyze the data to produce the
transitional state diagram presented below. The state diagram in Figure 1, for example, shows that 50% of all causal
links that were assigned a strength value of one remained the same between the first and second, and between the
second and third causal diagrams, when no evidence was presented nor discussed in the online group discussions to
establish the plausibility and the strength of the link. In contrast, the state diagram on the right shows that when
evidence was presented with the causal links, these same links with strength value of one were much more likely to
remain the same (86% instead of 50%). Overall, this preliminary study illustrates how the jMAP environment—
when combined with sequential analysis — can produce a potentially powerful method to studying the processes of
theory construction and the factors and conditions that both support and inhibit the process.

This presentation will demonstrate the software tool called jMAP that can be used to identify differences
between learners’ causal maps, initiate collaborative argumentation to produce justifications for proposed causal
links, and produces changes in learners’ causal maps that better reflect/represent complex phenomena. Similar to the
Cognizer program (Nakayama and Liao, 2005), JMAP enable each learner to produce a causal map with numerically
weighted links (Figure 2) thus reducing unwanted biases and influences of other learners (Doyle & Radzicki, 2007).
JMAP can then be used to: 1) automatically code diagrams into adjacency matrices; 2) upload, download, and
aggregate multiple matrices so that the maps of an individual, the collective group, and/or expert (in any paired
combination) can be graphically superimposed to determine for example the degree to which a learner's diagram
matches that of the expert or the collective group at a given point in time; 3) view the superimposed maps across
different time periods to both visualize and quantitatively assess how learners’ causal diagrams change over time
and the extent to which the changes are converging towards the maps of the expert or the collective group; and 4)
sequentially analyze and visualize how particular learners’ causal diagrams and causal understanding of complex
phenomena change over time under different instructional processes, events, or conditions (Jeong, 2008).

JMAP also enable researchers and teachers to: (a) graphically superimpose an individual learner’s map over the
expert/target map to visually identify and highlight changes occurring over time in the causal maps of an individual
or group of learners; (b) determine the extent to which the observed changes progress toward a target or collective
model; (¢) determine precisely where, when, and to what extent changes occur in the causal links within the causal
maps; and most importantly; and (d) identify and measure how and to what extent specific events (e.g., viewing
consensus data, discussing evidence, engaging in specific and critical discourse patterns) trigger changes in the
causal links between various states (e.g., strong, moderate, weak, and no causal link) as demonstrated in Figure 3.
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Figure 3. Visually comparing student 4’s first map with the aggregated group map (g1) with daker links revealing
matching causal strength values, lighter links revealing shared links (differing in values), and light gray links
revealing missing links.

The following case study illustrates how jJMAP can be used to assess how differences in the quality of learner’s
argumentation affect changes in learner’s causal diagrams. Furthermore, this paper will also demonstrate how jMAP
can be used to compare causal maps between learners, identify differences between learners’ maps and
initial/current consensus on map links, and to initiate and structure learners’ discussions in ways that might help to
improve their causal maps. The case study presented in this paper presentation addressed the following research
questions:

1.  What are the effects of consensus observed in initial maps on the level of consensus in subsequent maps?
When learners use jJMAP to determine which causal links are shared most among everyone’s initial maps,
are the most commonly shared links more likely to remain in learners’ subsequent maps than the less
commonly shared links?

2. What is the relationship between initial levels of consensus and level of argumentation? Do learners engage
in more argumentation when a causal link is more or less commonly shared between learners? In other
words, do higher or lower levels of initial consensus trigger higher levels of argumentation?

3. What are the effects of argumentation levels on consensus in subsequent maps? Do high levels of
argumentation lead to higher or lower levels of consensus in maps produced subsequent to group
discussions/debates?

76 + ©OISLS



ICLS 2010 + Volume 1

Method
Participants

Nineteen graduate students (8 male, 11 female) enrolled in an online course on computer-supported collaborative
learning at a large southeastern university participated in this study. The participants ranged from 22 to 55 years in
age, and the majority of the participants were enrolled in a Master’s level program in instructional systems/design

Procedures

The course examined factors that influence success in collaborative learning and instructional strategies associated
with each factor. In week 2, learners used a Wiki webpage to share and construct a running list of factors believed to
influence the level of learning or performance achieved in group assignments. Students classified and merged the
proposed factors, discussed the merits of each factor, and voted on the factors believed to exert the largest influence
on the outcomes of a group assignment. The votes were used to select a final list of 14 factors that learners
individually organized into causal maps.

In week 3, students were presented six example maps to illustrate the desired characteristics and functions of
causal maps (e.g., temporal alignment, parsimony). Students were provided the JMAP program (pre-loaded by the
instructor with nodes for each of the 14 selected factors) to construct their first causal diagram (map 1). Map 1
allowed students to graphically explain their understanding of how the selected factors influence learning in
collaborative settings. Using the tools in JMAP, learners connected the factors with causal links by: (a) creating each
link with varying densities to reflect the perceived strength of the link (1 = weak, 2 = moderate, 3 = strong); and (b)
selecting different types of links to reveal the level of evidentiary support (from past personal experiences) for the
link. Personal maps were completed and electronically uploaded within a one-week period to receive class
participation points (class participation accounted for 25% of the course grade). The maps were also used to
complete a written assignment describing one’s personal theory of collaborative learning (due week 4, and
accounting for 10% of course grade).

Using jJMAP, the instructor aggregated all the initial maps (n = 17) submitted by students into a group matrix.
The group matrix was shared with students to convey to the students the percentage of maps that possessed each
causal link. The links enclosed in boxes in the right side of the figure are common links observed in 20% or more of
the learners’ maps. For example, the causal link between ‘Individual Accountability’ and ‘Learner Motivation’ was
observed in 47% of learners’ maps. To select this 20% cut-off criterion, the instructor ran multiple aggregations of
the learner maps at different cut-off criterion until the instructor felt that a sufficient number of links were present
for group discussion and to discriminate between links that were more versus less shared between learners. A
corresponding group matrix was also produced in jJMAP to report the mean strength values of the links observed in
20% or more of the maps. The values were highlighted by jJMAP to reveal which links were present in the expert’s
map but missing in the group map (i.e., dark shaded cells with values = links shared and strength values match,
lightly shaded with values = links shared with nonrmatching values, lightly shared boxes with no values = missing
target links).

In week 9, learners were shown the matrix that revealed the percentage of maps (map 1) that possessed each
link. Students posted messages in an online threaded discussion forum to explain the rationale and justification for
each proposed causal link. Each posted explanation was labeled by learners with the tag ‘EXPL’ in message subject
headings. Postings that questioned or challenged explanations were tagged with ‘BUT.” Postings that provided
additional support were tagged with ‘SUPPORT.’ In weeks 9 and 10, learners searched for and reported quantitative
findings from empirical research into a group Wiki that could be referenced and used later to determine the
instructional impact of each factor.

Students received instructions on how to use JMAP to superimpose their own map over the aggregated group
map (Figure 2) to visually identify similarities and differences between their own maps and the collective
conception of the causal relationships between factors and outcomes. For example, figure 2 reveals the similarities
and differences between an individual student’s first map (student #4) and the group map (gl) generated by the
aggregation of all the maps produced by all students at the first time period The course instructor used jJMAP to
superimpose his expert map over the group map produced at time period one (gl) and in time period two (g2) by
using the control keys (ctrl-h, ctrl-j, ctrl-k) to toggle between maps g1 and g2. By using the navigational tools to
toggle between the two group maps, the instructor was able to visuallyand quantitatively observe the progression of
changes averaged across all the students’ maps in order to assess the extent to which the observed changes
converged towards the expert map. Jeong (2008) presents more detailed information on how to use jJMAP to
visualize and animate progressive changes in maps created by a select learner (or group of learners) across multiple
time periods relative to a target map.

In week 10, students reviewed the discussions from week 9. Within a discussion thread for each examined link,
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learners posted messages to report whether they rejected or accepted the link (along with explanations). At the end
of week 10, each student posted a revised causal diagram based on their analysis of the arguments presented in class
discussions.

Data Analysis

To measure the level of change in learners’ maps, link frequencies from each learner’s second map (n = 15) were
aggregated to determine the percentage of maps that shared each link. Differences in the reported percentages
between maps 1 and 2 were computed and presented in a matrix. Overall, the percentages in 19 of the 24 commonly
shared links increased by an average of 26%. Four of these shared links changed by an average of-10.75%.

The level of critical discourse produced within each discussion on each link was determined by the number of
observed EXPL-BUT, BUT-BUT, BUT-EXPL or SUPPORT, and BUT-SUPPORT exchanges. Challenges to
explanations, and explanatory responses to challenges were used as a measure of critical discourse because
explanations, when generated in direct response to conflicting viewpoints, have been shown to improve learning
(Pressley et al., 1992). Pearson correlations between variables are presented below.

Table 4. Correlations (n_= 24) between level of initial agreement, critical discourse, and change percent of learners
sharing each causal links

LevelAgree CritDisc %oChange Expl But Support Expl-But But-Ex/Sup But-But Expl-Sup

LevelAgree 7 1 .385  -.089 .233 .328 .291 330 365 177 153
signif .063 679 272 118 .168 115 079 409 476
CritDiscourse 7 385 1 -152 .339 921 .120 867 921 494  -135
signif 063 478 .105 .000 .575 .000 000 .014 530
PercentChange 7 -089  -.152 1 -.058 -173 313  -.051 -167  -219 386
signif 679 478 788 420 136 814 435 304 .063
Findings

Effects of consensus in initial maps on level of consensus in subsequent maps.

Based on links (n = 24) that were observed in 20% or more of students’ maps and discussed by students on the
discussion board, the correlation (Table 4) between the percentage of students that shared a causal link in the first
map and the average change in the percentage of students that shared the causal links was not significant (r = -.089,
p =.679). The opinions of the majority did not appear to influence learners’ decisions to include or exclude causal
links into their revised maps. This suggests that the use of JMAP to reveal the similarities and differences between
students’ maps did not foster group think.

Relationship between initial agreement and level of criticaldiscourse.

The correlation (rn = 24) between the percentage of students that shared a causal link in the first map and the level of
critical discourse that was generated by students to exam the strength of each causal link approached statistical
significance (» = .385, p =.063). The students engaged in more critical discussion over the causal links when the
causal links were shared by more students rather than less students. This finding suggess that students did not
simply accept or give into the status quo. Conversely, the finding also suggests that students exhibited some
tendency to engage in /ess critical discussion over the causal links when the casual links were shared by fewer
students. One possible explanation for this finding may be that the causal links shared by the fewest number of
students where those that exhibited the most obvious flaws in logic and as a result, these links did not warrant much
debate to omit the causal link from the causal maps.

Effects of argumentation on changes in agreement in subsequent maps

No significant correlation was found between the level of critical discourse over each causal link and the change in

the percentage of maps sharing each casual link (= - .152, p = .478). This finding suggests that the level of critical

discourse over each causal link neither increased nor decreased the percentage of students that rejected a causal link.
However, post-hoc analysis on the individual effects of each of the four types of exchanges (all of which were

aggregated and used to measure the level of that critical discourse) revealed the frequency of EXPL-SUPP
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exchanges observed in discussions over each link were moderately and positively correlated (» = .386, p = .063)
with changes in the percentage of students that shared each causal link. Supporting statements that were specifically
posted in direct response to other learners’ causal explanations (e.g., presenting supporting evidence, simple
expression of agreement) were the types of events/exchanges that were mostlikely to persuade learners to adopt new
links into subsequent causal maps. This finding is consistent with the findings froma previous case study in which
causal link strength values were more likely to remain the same or increase in value when links were suppoted with
evidence. Worth noting here is that the frequency of supporting statements alone inthe discussions over each causal
link (without regard to what messages they were posted in response to) revealed a similar correlation but of lesser
statistical significance (r = .313, p = .136). This suggests that message-response exchanges as opposed to simple
message frequencies alone could provide more explanatory power when analyzing the effects of critical discourse on
causal understanding.

Additional findings

To be included at the time of presentation will be the findings produced from the visual comparison of the
transitional state diagrams (like Figure 1) depicting how the causal maps (or more specifically, the strength values of
each causal link) changed over time resulting from the high vs. low presence of EXPL-SUPP exchanges observed in
the discussions of each causal link.

Implications

The findings in this case study illustrate how jJMAP can be used to assess the impact of critical discussions or other
instructional events/interventions on learners’ causal understanding. When used as a research tool, JMAP provides
insights into the processes of learning (e.g., causal understanding) and insights into how specific processes (e.g.,
EXPL-SUPP) lead to specific learning outcomes/behaviors. At the same time, this case study illustrates how JMAP
can help learners work collaboratively to build and refine their causal understanding. Learners can identify
similarities and differences in their causal understanding relative to others. Then they can use the differences as the
starting point to discuss and explore the causal relationships.

Directions for Future Research & Development

The findings in this case study are not conclusive given the limited sample size. Nevertheless, this study illustrates
how jMAP can be used to assess how causal understanding evolves over time and how specific processes of
discourse (including processes of scientific inquiry) influences causal understanding. More research is needed to
identify the specific discourse processes and interventions that foster critical discourse that can trigger changes in
causal links — particularly changes that converge towards the expert and/or group model.

To support future research, online discussion boards could be integrated into jJMAP to automatically create
discussion threads for each causal link observed in learners’ causal maps, to seed discussions with learners’ initial
explanations, to support message tagging, and to compile and report scores that measure certain qualities observed
in the group discussions for any given set of causal links. Such a system could be used by instructors to assess not
only the quality of learners’ causal maps and understanding, but also the quality of learners’ discourse and ts impact
on their causal understanding. Additional functions can be added to jJMAP to recognize nodes that are indirectly
linked via mediating nodes to fully account for observed differences between learner and expert maps. Another
useful function would be one that can identify and measure to what extent and in what temporal direction changes in
causal links propagate subsequent changes in adjacent links — a measure that could be used to determine to what
extent learners apply a systematic approach to break down the causal relationships. To examine this issue in more
detail, a function can be added to JMAP that captures and logs every action performed in JMAP as learners construct
their maps.

In addition, refinements to the jJMAP user interface will be necessary to make map construction easier, more
intuitive, and less time consuming if systems like JMAP are to be used in school-based applications — particularly for
learners at younger ages. Instructions and guidance on how to conceptualize a coherent causal map/model (e.g.,
temporal flow, parsimony) should be embedded directly into the J]MAP interface to assist learners that lack the skills
needed to construct a causal map. Other useful functions to add to jJMAP include: swap and change the target map so
that one can compare different combinations of maps (individual, collective group, expert); show the percentage of
students’ maps that possess each target link by varying the density of each link to reflect the observed percentages;
and select links to include in the aggregate/collective group map based on link frequencies that are significantly
higher than the expected frequencies based on a user-selected critical z-score.
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Abstract: Preparing citizens to address the complex problems inherent in cities requires our
changing society to embrace a new kind of education. One way to train people to think about
complex problems is to identify and study how professionals who think in those ways develop
their gpistemic frame. In this paper, we examine one of the ways urban planners master and
appropriate relevant expertise through an ethnographic study of an urban planning practicum.
Specifically, we use a new method called épistemic network analysis to look at presentation
feedback sessions during two weeks of the practicum to explore emergent relationships
between the teacher’s planning expertise and the students’ expertise. The results of this study
indicate that epistemic network analysis offers a technique for analyzing the kinds of situated
understanding that result from sociocultural learning and for observing the translation of
pedagogy into practice in various types of learning environments.

Major issue(s) addressed

Measuring learning in a practicum environment can be challenging, and a growing body of research suggests
that a new method called epistemic network analysis (Shaffer et al., 2009) can inform our understanding of how
professionals-in-training learn in a practicum environment. According to Donald Schon (1983; 1987), a
practicum environment is explicitly designed to forge the links between knowing and doing that are central to
the reflective practice of a profession. In a practicum, novices are initiated into a professional community of
practice and extend their knowledge through tackling complex problems.

John Friedmann (1973) argues that our changing society requires a new kind of education where
knowledge is extended and people are trained to think about and address the complex problems inherent in
cities. One group of professionals tasked with addressing several of these challenges is urban planners, and
studying how professional urban planners learn in a practicum environment can help us better understand how
to train people to address complex problems.

In this paper, we examine one of the ways urban planners develop expertise through an ethnographic
study of Urban and Regional Planning (URPL) 912, a graduate level practicum at a large Midwestern
university. The main goal of the study was to explore the learning processes experienced by the 20 graduate
students in the practicum. The students were guided in the production of a site plan for a developing area by a
planner with 34 years of planning experience. In the study, we used epistemic network analysis to examine the
presentation feedback sessions during weeks four and five and to explore emergent relationships between the
teacher’s planning expertise and the students’ expertise.

Potential significance of the work
The results of this study have the potential to influence the future design of professional practicum
environments as well as the broader landscape of education.

Theory

A major goal for educators is creating instructional contexts in which skills are both mastered and appropriated
(Herrenkohl & Wertsch, 1999). Mastery and appropriation, according to Wertsch and Polman (2001), are part of
mediated action—human action that is fundamentally characterized by a tension between active agents and the
cultural tools they use to carry out action. Wertsch and Polman (2001) define mediated action as forms of action
such as speaking, reasoning, and calculating that inherently involve agents actively using cultural tools.
Herrenkohl and Wertsch (1999) stress that mastery of a cultural tool involves having the skill to use a cultural
tool effectively, “knowing how” as opposed to “knowing that,” or in other words, procedural versus declarative
knowledge. In contrast, appropriation focuses on an agent’s tendency to use a cultural tool, which can be
distinct from the level of mastery involved. Using Bakhtin (1981), Herrenkohl and Wertsch (1999) claim that
appropriation means to adopt, imitate, or pick up someone else’s accent. Thus, appropriation is a process of
making something, such as a historical narrative, one’s own.

High levels of mastery are frequently associated with appropriation; however, some forms of mediated
action are characterized by mastery but not appropriation of a cultural tool. Bakhtin argues that cultural tools are
often not easily and smoothly appropriated, and that an agent may use a cultural tool but with a feeling of
resistance or even outright rejection. When such resistance grows sufficiently strong, the agent may refuse to
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use the cultural tool altogether (Wertsch, 1998). However, Wertsch (1998) writes, “it has become increasingly
clear that interactional contexts involving resistance and rhetorical opposition may provide some of the most
productive settings for developing mastery and appropriation of cultural tools” (p. 182).

Herrenkohl and Wertsch (1999) believe that one of the most effective ways to foster the appropriation,
and not just the mastery of cultural tools is to coordinate these cultural tools with sociocognitive roles. They
claim that sociocognitive roles can be understood in terms of rights and responsibilities, where people have
opportunities to exercise their rights as a way of being responsible to their community. Herrenkohl and Wertsch
(1999) offer the example wherein a building inspector exercises her right to stop construction on a building
because the contractor is suspected of using sub-par materials. In this example, the inspector is exercising a right
in the context of her responsibility to protect public safety. Or, put simply, she is performing her job.

Herrenkohl and Wertsch (1999) propose that by promoting the idea of “doing one’s job” and
emphasizing the responsibilities to one’s community and the set of rights that accompany those responsibilities,
students will practice skills important to the sociocognitive role and begin to master and appropriate them.
Unfortunately for educators hoping to introduce sociocognitive roles into their classrooms, Herrenkohl and
Wertsch do not outline a specific process for creating the sociocognitive roles or offer suggestions about the
types of skills that could be mastered or appropriated through students assuming roles.

Schon (1983; 1987) argues that, in most professions, people begin to master and appropriate skills in
professional practicum experiences. In a professional practicum, novices engage in simulations of professional
work. Their work is guided by repeatedly taking action and explicitly reflecting on that action with peers and
mentors, what Schon refers to as reflection-on-action. The process of explicit reflection-on-action allows one to
look back on a completed task or process to consider the implications and consequences of actions. Schon
(1983; 1987) argues that the goal of the professional practicum is to bind action and reflection together to
produce professional expertise particular to each profession.

Extending Schon, Shaffer (2004a; 2004b; 2006) argues that a professional practicum is a key step to
developing the epistemic frame—or the ways of knowing, of deciding what is worth knowing, and of adding to
the collective body of knowledge and understanding—of a particular community of practice. In a practicum
environment, experienced mentors explicitly reflect-on-action as a way to model the epistemic frame of a
profession. For novices, iterative cycles of action and explicit reflection-on-action with peers and mentors bind
together the elements of the epistemic frame—the skills, knowledge, values, identity, and epistemology—that
an individual takes on as a member of a community of practice. This collection of cultural tools forms the
epistemic frame of the community, which, once appropriated, can be used when an individual approaches a
situation from the point of view (or in the role) of a member of the community (Shaffer 2004a; 2004b; 2005;
2000).

Thus, Schon (1983; 1987) and Shaffer (2006) have a model of learning in a professional practicum that
involves iterative cycles of action, explicit reflection-on-action, and the construction of a profession-specific
epistemic frame. Their model extends Herrenkohl and Wertsch’s (1999) assertion that coordinating cultural
tools with sociocognitive roles can lead to both mastery and appropriation. Specifically, Schén and Shaffer
move beyond a conversation about rights and responsibilities and into a discussion about designing professional
practica and building epistemic frames. However, Schon and Shaffer’s model does not address the role
resistance plays in the mastery and appropriation of an epistemic frame.

While it is possible, and often quite important, to analyze how well students and others have mastered a
cultural tool, such analyses can be quite limited in that they do not consider all of the complexities in the
relationship between agents and the cultural tools they use (Wertsch, 1998). Thus, measuring appropriation in a
practicum setting requires analysis of the process over time to see if there are instances of resistance that are
inhibiting the appropriation of the epistemic frame. One way to analyze those components is through an
epistemography, an analysis of the structure of a professional practicum through the lens of epistemic frames
where one can examine the kinds of action and reflection-on-action that develop the epistemic frame of a
profession (Shaffer, 2005; Svarovsky, 2006; Hatfield, 2008). An epistemography allows one to see learning
principles at work and recognize some features of the practicum as being more essential than others in
developing the professional epistemic frame. However, as Wertsch (1998) noted, the relationships between
agents and their use of cultural tools are complex, and traditional statistical methods do not account for the
complexities.

The kinds of professional understanding that a practicum develops are complex because they are not
merely a collection of disconnected skills and knowledge. Rather, the power of an epistemic frame is in the
connections among its parts, a network which consists of relationships among conceptual, practical, moral,
personal, and epistemological parts (Shaffer et al., 2009). Thus, analytical methods such as social network
analysis provide a robust set of tools for representing networks of relationships, including complex and dynamic
relationships of the kind that characterize epistemic frames (Shaffer et al., 2009). In social networks, individuals
are considered nodes in the network and relationships between individuals are represented as arcs or links
between nodes (Haythornthwaite, 1996). For example, a social network analysis of an urban planning practicum
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might examine the relationships among students and the teacher throughout class meetings. Within each class
session, different configurations might emerge as old friends connected, new friendships emerged, and different
team projects occurred. The amount of time individuals spend with each other could be taken as a proxy for the
strength of their relationship by analyzing the different connections among and between nodes and links. That
type of analysis would provide a quantifiable way of comparing social relationships across time and a means for
better understanding the informal information flows that supplement the formal practicum curriculum.

However, as Shaffer (2009) argues, social network analysis was developed to provide insight into
relationships among and between individuals and groups, rather than relationships within the conceptual,
practical, moral, and epistemological world of an individual. Therefore, building on social network analysis,
Shaffer (2009) has developed epistemic network analysis, a computational modeling technique for the
development of epistemic frames.

Epistemic network analysis is based on two key concepts: (1) that thinking can be characterized by the
application of an epistemic frame composed of the linkages between professional skills, knowledge, identity,
values, and epistemology; and (2) that the development of professional thinking can be quantified, analyzed,
and visualized with a dynamic network model of the developing epistemic frame (Shaffer et al., 2009).
Epistemic network analysis has been used to trace frame development in elementary and middle school students
during epistemic games based on engineering and urban planning (Nulty & Shaffer, 2008; Nash & Shaffer,
2008). A preliminary re-analysis of qualitative data collected on a science journalism practicum suggests that
epistemic network analysis will be a useful tool for analyzing epistemic frame development in professional
practica (Hatfield, 2008).

This study extends the ideas of Wertsch, Schon, and Shaffer by examining the relationships between
appropriation, resistance, reflection-on-action, and epistemic frames in a professional planning practicum. The
aim of this study—the epistemography of URPL 912—is to uncover the learning process within a graduate
urban planning practicum. In particular, we investigate how one teacher communicated his urban planning
epistemic frame in the face of resistance by describing the students’ initial resistance to the teacher’s frame, the
teacher’s explicit reflection-on-action, and the students’ appropriation of the teacher’s frame. We then use
epistemic network analysis to examine the teacher’s role in the students’ epistemic frame development by
tracking how specific features and events in the practicum led to significant changes in frame development. We
argue that epistemic network analysis can provide a computational model of the extent to which participants
appropriated the ways of knowing, being, talking, and acting that characterize a particular community of
practice. Finally, we discuss how the results of this study may contribute to the design of reflective learning
environments and experiences that promote the development of the next generation of urban citizens.

Methods

Urban and Regional Planning (URPL) 912 was a three credit course that met once a week for 14 weeks
for approximately three hours. We chose to study URPL 912 because the course gives graduate students an
opportunity to work in a practicum setting and is a prerequisite to entering the professional field of planning.
The teacher was a professional planner with 34 years of planning experience across the United States.

In the course, 20 graduate students from the URPL masters program prepared a site plan for a
developing area of approximately 3,000 acres on the northeast edge of Madison, Wisconsin. In the syllabus, the
teacher wrote that he expected the students to “read the landscape” and expand upon the City’s draft
neighborhood plan for the area. Most of the class sessions began with the teacher’s lecture, class discussion, or a
professional planner guest speaker for the first hour and team work time for the remaining two hours.

Classroom data were collected in digital audio recordings and supplemented with field notes.
Recordings were transcribed to provide a detailed record of interactions, and field notes were used to capture
meaningful non-verbal aspects of the context and to supplement the transcripts. No information on specific
career plans was collected; however, several students mentioned plans to pursue planning in city departments,
non-profit groups, and state agencies. No other demographic information was collected about the students.

The data were segmented into interactive units which were defined as strips of activity with a
consistent interactional structure and topical focus. For example, if the class started discussing the capacity of a
proposed wastewater treatment plant and then switched to discussing the location of bike and pedestrian paths,
the switch in discourse topic would indicate two separate interactive units. If an interactive unit represented
more than one category, it was coded for all applicable codes. Within each interactive unit, the students’
comments were coded cumulatively instead of individually in order to compare the students’ cumulative frame
to the teacher’s frame.

This study’s goal was to observe students learning to become planners through participation in a
practicum. To capture interactions between the expert teacher and the novice students, we decided to focus on
the communication between the teacher and the students during presentation feedback sessions. Presentation
feedback sessions were occasions for the teacher and the students to offer feedback on information teams
collected and for the teacher to explicitly reflect-on-action. Those sessions occurred in four classes throughout
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the semester: weeks 4, 5, 11, and 13. We chose to analyze data from the presentation feedback in weeks four
and five because the feedback given during those weeks focused on the information needed to create successful
site plans whereas the feedback given in weeks 11 and 13 was more focused on the logistics of preparing for the
final presentations. The specific activities in weeks four and five are outlined in more detail in the results

section.

We used the teacher’s epistemic frame in week four as the comparative model for the students’
cumulative epistemic frame in both week four and week five because we were interested in seeing if the
epistemic frame the teacher used during week four influenced the students’ epistemic frame in week five.
Additionally, after giving his initial lecture in week five, the teacher did not contribute as much as in week four.
To measure the teacher’s contribution in weeks four and five, interactive units were coded for the presence of
the teacher’s comments.

Table 1: Analytic codes applied to segmented interac

ive units for qualitative data analysis.

Code Description Example
Student references to their ...I sort of got the sense that they [the City] want us to
conception of how the deliver to them a set of policy recommendations and
planning process should other higher level stuff to help them move this process
Resistance progress in a way that was along rather than our own design.

contrary to the teacher’s
conception of how the process
should move forward

Reflection-on-
action

References where the teacher
looked back on a completed
task or process to consider the
implications and consequences
of actions

...I’'m just saying that when you look at the land use
pattern, based on uses like that quarry, there’s real
limitations on residential in a large part of the
area..Maybe this needs to be a place with a real
employment center instead of just a bedroom
community. I’m not saying that you don’t have
residential, and I’'m not even saying you necessarily start
in one place or the other, but I’m saying that it’s gotta be
in the thought process here.

1Sk111 of reading a Ability to use the landscape to ‘.‘..I that it’s very important that we step Pack and say,
andscape (S/L) . . How does this landscape speak to us?” Rather than
inform the planning process letti o

etting someone else give it to us.
Shoehorning residential onto the North end won’t work.
. o ) Let’s see if we can put some jobs up there so that the
Skill of Ability to use a specific people who live further south, where it’s easier to do
suggesting strategy or an alternative way | regidential development have a place to go that’s a mile

alternatives (S/A)

to approach creating a plan

away or a mile and a half away instead of coming down
to Madison. With that, make it a more sustainable
community.

You guys all have to make some recommendations, but I

Skill of Ability to identify the don’t want us to go into this without making sure that we
questioning assumptions the students made | are comfortable with the assumptions they [the City] are
assumptions in their analyses operating under...I’m not comfortable with all of the
(S/QA) assumptions they are operating under and I think that
their assumptions are no longer evidence-based...
Knowledge of References to specific This is what we think is important to identify: Property
additional information that might be values and who owns it to see if there’s any correlation
information useful for creating the site there. Target areas for potential development areas etc...
(K/AT) plan. Changes in zoning with different incentives for
developers, transfer of development rights. Existing
viewshed protection. ..
We saw a map of what they [the City] have in mind, and
Referenqes to the process used | they already have land uses plotted out. They are
Knowledge of by the City of Madison to presenting that to the mayor in the next few weeks. In
past process (K/P) create a plan for the same that land use map, they have mixed use housing and

redevelopment area.

TODs [transit oriented developments] and lower density
housing, and the majority of it is also going to be lower
density acreage.
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Value of serving
the public interest
(V/PI)

Stating that the needs of
people affected by the
planning process are important
to urban planning practice

The developer has to be involved in this association. It’s
not optional. They have to be part of the deal, and you
are going to have to figure out what the City of Madison
would say to one or more private land owners.

Epistemic . . ...Businesses that might be developing through the
statement about Justifying decisions based on | ypjversity or incubator or something. They are going to
stakeholders’ how participants thought a need production and assembly facilities. They are going
desires (E/SD) particular stakeholder group to need distribution facilities. And that might not be stuff
would respond. they can get either on campus or in that incubator. This

might be an ideal spot for them...
Epistemic The city is planning the East Wash. build out in terms of

statement about
principles of good
urban form
(E/UF)

Justifying decisions based on
the principles of good urban
form

employment...which means that it would have to put
itself on the periphery because of the land loss. They
could have an office near their production facilities. We
see that as a potential benefit.

The result of the coded segments was a database of interactive units showing the presence of the
teacher’s comments, resistance, reflection-on-action, and epistemic frame elements. The relationships among
these different components were then analyzed using epistemic network analysis to identify salient themes.

Epistemic network analysis adapts the framework of social network analysis for use with cognitive,
rather than social, elements (Hatfield, 2008; Shaffer et al., 2009). As discussed in the background section,
Shaffer (2009) has developed epistemic network analysis, a computational modeling technique for the
development of epistemic frames. For details on the computations involved in epistemic network analysis,
please see Shaffer (2009).

Once an epistemic frame is represented as a series of cumulative adjacency matrices showing the
strength of association between each pair of frame elements for a given participant in the data set, the
characteristics of the network can be quantified using concepts from social network analysis, such as network
density and centrality of individual nodes (Shaffer et al., 2009). The overall structure of an epistemic frame can
then be quantified by computing the relative centrality of each node: the square root of the sum of squares of its
associations with its neighbors expressed as a percentage of the weight of the heaviest node in the network.

For this study, the relative centrality of each frame element and sub-element at the final time slice of
the presentation feedback activity was calculated in order to compare the cumulative students’ frame in weeks
four and five to the teacher’s modeled frame in week four. Calculating the relative centrality exposed which
frame elements were further or closer to the center of the epistemic network (relative centrality values closer to
100) since epistemic frames consist of elements linked together with some elements more central than others.
Using only the final time slice of relative centrality offered the most accurate picture of the students’ cumulative
frame development during weeks four and five since relative centrality is a cumulative measure of the changes
in centrality to the epistemic network graph.

The frame similarity index (FSI) is an extension of epistemic network analysis. In this study, the FSI
was calculated using the relative centrality which allowed comparisons between the students’ frame
development in weeks four and five and the frame modeled by the teacher in week four. The FSI was computed
by using the difference between the cumulative students’ final relative centrality calculations for each frame
element in weeks four and five and the teacher’s final relative centrality calculations for each frame element in
week four. The absolute value of the difference of the values was then calculated. In order to make claims about
skills, knowledge, values, and epistemology as a whole, the average of the frame sub-elements (e.g. E/SD and
E/UF) was computed, and the results were graphed as cumulative frame elements (e.g. epistemology instead of
E/SD and E/UF).

The FSI affords us the ability to use qualitative data to compare the development of complex thinking
quantitatively. The FSI can be visualized using a radar plot where the optimal frame is represented as the origin
and the developing frame is shown as something. This type of representation allows us to visualize the
movement of novices’ epistemic frame development in relation to the expert’s epistemic frame. In the radar plot
below, the teacher’s frame is represented as the origin, and the closer the students’ cumulative FSI is to zero, the
more closely the students’ frame resembles the frame the teacher modeled in week four.

Results

We describe our observations of URPL 912 in three parts below. First, we identify and describe the interactive
units in which the students resisted the teacher during weeks four and five. Next, we identify and describe the
interactive units in which the teacher reflected-on-action during weeks four and five. Finally, we describe the
changes in the students’ cumulative epistemic frame from week four to week five.
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At the beginning of the semester, students in URPL 912 worked in teams to gather information about
the redevelopment site. During the first class session, they learned that the City of Madison had been working
on a plan for the site for three years, and the students were expected to “read the landscape” and expand upon
the City’s draft neighborhood plan for the area. The students continued to learn about the site through the
teacher, guest speakers from the City of Madison planning department, out of class site visits and meetings with
city officials, and targeted internet research. The teams were expected to present their initial findings during
week four and their more specific findings during week five.

While presenting and giving feedback during week four, the students referred to the approach the City
of Madison was using for the redevelopment site. When the teacher suggested alternative approaches that were
contrary to the City’s approach, the students began to resist his suggestions. Overall, in week four, 3 of the 11
segmented interactive units in the presentation feedback activity were coded for the students resisting the
teacher’s ideas, accounting for 54% of the time when both the students and the teacher were talking about the
same topic. In contrast, in week five, the students did not resist the teacher’s suggestions in any of the seven
segmented interactive units in the presentation feedback activity when both the students and the teacher were
talking about the same topic.

During the presentation feedback activities, the teacher often explicitly reflected on the students’
findings, gave suggestions for additional information they could gather, and shared anecdotes about how the
problems they were facing were similar to problems he had faced with previous projects. In week four, 11 of the
12 total segmented interactive units were coded for the presence of the teacher’s comments, and 8 of the 11
segments during which the teacher spoke were coded for him reflecting-on-action. By reflecting-on-action, the
teacher specifically pushed the students to question the City’s assumptions and to consider how the population
projections would affect traffic, jobs, and the overall development trajectory. By explicitly questioning the
City’s assumptions and offering suggestions about how to deal with multiple possibilities, the teacher spoke
directly to the students’ resistance in week four and strengthened the case for having the students’ use his
approach rather than the City’s approach.

Unlike week four, in week five, the teacher started the class session by giving a lecture. During his
lecture, the teacher reflected-on-action and explicitly addressed the students’ resistance from week four. He
reflected on the actions the students took in week four and referred to his experience as a planner in order to
address the students’ anxiety about using his approach instead of the more familiar City’s approach.
Specifically, the teacher suggested that taking time to gather information early in the process would have
positive implications for the final site plan. To address their anxieties, he encouragingly reflected on the work
the students completed in week four, told them he was expecting to be pleased in week five, and assured them
that though they were at a slow part in the process, they were on course. To attend to the students’ concern that
his approach would not relate to the work the City had already accomplished, the teacher suggested that the
students: “...Let this piece of land speak to us [because]...If we try to decide what it’s going to look like before
then, what you’re going to end up with is exactly what you don’t want to end up with which is something that
doesn’t relate.”

Following the teacher’s lecture, the students presented the information they gathered about the site and
gave feedback on the information presented. During the presentation feedback, 8 of the 14 total segments were
coded for the presence of the teacher’s comments, and in one of the eight segments, the teacher was the only
person speaking. Two of the seven segments wherein the teacher spoke were coded for the teacher reflecting on
action. During the presentation feedback in week five, a student asked about the City’s assumptions, and the
teacher reflected-on-action by explicitly considering the implications and consequences that information would
have for the recommendations they could make in their final site plans. By explicitly reflecting-on-action and
addressing the student’s resistance before they rejected his process outright, these data suggest that the teacher
created a space where the students could begin to appropriate the epistemic frame he modeled in week four.

Using epistemic network analysis, Figure 1 provides a summary representation of the frame similarity
index (FSI) of the difference between the students’ cumulative epistemic frames in weeks four and five and the
teacher’s modeled epistemic frame in week four, which is represented by the origin of the radar plot. The total
FSI was 165.8 in week four, but in week five, the FSI decreased to 90.3 suggesting that the students’ frame
became more similar to the frame the teacher modeled in week four. There was not a significant change in value
development from week four to week five for the students; however, skills, knowledge, and epistemology frame
elements began to look more like the teacher’s modeled frame.
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Figure 1. The origin of the radar plot represents the teacher’s frame, and as the cumulative students’ FSI moves
closer to zero, their frame begins to look more like the frame the teacher modeled in week four.

By separating the epistemic frame elements into sub-elements, a more complete picture emerged about
which specific sub-elements became more or less central to the students’ epistemic frame from week four to
week five (Table 2). As discussed above, for the teacher, V/PI, S/QA, S/Land, K/Al, and E/UF were the most
central sub-elements in his epistemic frame in week four while the most central sub-elements in the students’
epistemic frame were V/PI, E/SD, and K/P. In week five, instead of having a strong central core consisting of
V/PI, E/SD, and K/P, the students exhibited a new configuration of their epistemic frame which looked more
like the teacher’s and included sub-elements such as S/Land, S/Alt, K/AI, and E/UF increasing in centrality. The
order of centrality of frame elements also changed from week four to week five.

According to Shaffer (2009), the relative centrality of a node within a network represents the extent to
which the node is or is not part of the dense central core of the network. Thus, though some of the sub-elements
became more central to the students’ epistemic frame, the relative centrality values of the sub-elements in the
students’ frame in week five were consistently lower than the teacher’s values. Presumably, the teacher had
higher relative centrality values for frame elements in week four because his 34 years of planning experience
necessitated that his epistemic frame start out more richly interconnected than the students’ epistemic frame.
Therefore, the ‘looseness’ of the students’ epistemic frame may be due to the students beginning to appropriate
the sub-elements, and since the dense core is central to the strength of the epistemic frame, their epistemic frame
will likely strengthen over time.

Table 2: Cumulative relative centrality calculations for eight epistemic frame sub-elements for the students in
weeks four and five and the teacher in week four.

V/PI S/Alt S/Land S/QA K/AI K/P E/SD E/UF
Students
Week Four 91.65 44.72 0 60 28.28 91.65 100 44.72
Students
Week Five 100 73.38 55.47 55.47 83.21 48.04 55.47 55.47
Teacher
Week Four 100 46.71 96.30 100 95.35 0 61.79 91.45

These results suggest that examining changes in epistemic frame development across time was a useful
way of seeing the process of appropriation in the midst of student resistance in URPL 912. Through explicit
reflection-on-action, it appears that the teacher addressed the students’ resistance, enabling them to appropriate
his epistemic frame.

Conclusions and implications

This study extends Wertsch’s work on resistance and appropriation. Wertsch (1998) writes about the
productive role of resistance in the process of appropriation, and in week four, there was student resistance.
However, looking across weeks four and five shows that the students’ resistance subsided, and the bridge
between the students resisting and not resisting was the teacher’s lecture. The teacher’s lecture was essentially
an explicit reflection on the different frames held by the teacher and the students and provided a map of the
professional vision of the planning practice. However, it seems unlikely that his lecture immediately helped the
students understand the epistemic frame of planners in a new light and enabled them to put their new knowledge
into practice in their presentation feedback. Therefore, the students must have started appropriating aspects of
the teacher’s epistemic frame in week four despite their resistance.

Thus, these results also suggest that the kind of reflective mentoring that Schon and Shaffer describe in
professional practicum settings accomplishes the task of helping students appropriate a new frame in the face of
resistance. Specifically, the results of this study indicate that identifying practicum activities that evoke
evidence about certain aspects of an epistemic frame will provide valuable information for designing effective
practicum environments and learning in general. For example, practitioners thinking about ways to enhance
their practice might consider including iterative cycles of action and reflection-on-action which may lead to
appropriation and mastery.
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This study demonstrates that epistemic network analysis can be a productive way of tracking how
specific interactions within learning environments lead to significant changes in cognitive development.
Building on initial work (Hatfield, 2008; Shaffer et al., 2009), this study adds frame similarity index to
epistemic network analysis’ set of techniques, in this case to compare the students’ frame development in weeks
four and five to the frame modeled by the teacher in week four. Specifically, the differences between the
students’ and the teacher’s relative centrality values suggest that indices from epistemic network analysis can be
useful for group comparisons and experimental studies of interventions. In other words, epistemic network
analysis provides a computational model of the process and extent to which participants appropriated the ways
of knowing, being, talking, and acting that characterize a particular community of practice. Thus, epistemic
network analysis offers a technique for analyzing the kinds of situated understanding that result from
sociocultural learning.

This study’s findings can expand epistemic network analysis to provide a computational model of the
extent to which participants appropriate a professional epistemic frame in the face of resistance with the help of
a mentor’s explicit reflection-on-action. Thus, epistemic network analysis points towards a promising new way
of observing the translation of pedagogy into practice in various types of learning environments. These
findings—and future studies investigating reflective practica and the development of epistemic frames—can
shed light on how to better prepare citizens to think about and address the complex problems inherent in cities
because as John Friedmann (1973) wrote, “the reconstruction of society must begin with man’s re-education.”
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Assessing the Development of Expertise in an Historical-Based
Science: The Case of Integrative Archeology

Inbal Flash-Gvili, Jeff Dodick, Science Teaching Center, The Hebrew University of Jerusalem, Israel
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Developing inquiry-based skills in science students is a key focus of science education. This
study examines the process whereby such skills are acquired by exploring the case of graduate
training in the discipline of integrative archeology. To do this, we focus on the questions that
the students posed during their field research. Our results show that some students attempt to
bypass an initial phase of their research by trying to solve the final goal of reconstructing
human behaviors, rather than focusing on material remnants that make such reconstruction
possible. In the field, this was observed when the students attempted to reconstruct events via
their own logic, rather than using the technical tools at their disposal to analyze the site’s
(chemical) properties. However, as their expertise grows, the students learn about the
importance of foundational questions; this is reflected in a change in the frequencies of their
questions, which in turn reflects a change in their research strategies.

Introduction

Scientific inquiry can be defined as "the diverse ways in which scientists study the natural world and propose
explanations based on the evidence derived from their work" (NRC, 1996 p. 23, 2000 p.1); thus, the NRC
defines inquiry-based learning as a process where "students actively develop their understanding of science by
combining scientific knowledge with reasoning and thinking skills" (NRC, 1996 p. 2). The same source also
claims that: "Inquiry into authentic questions generated from student experiences is the central strategy for
teaching science" (NRC, 1996 p. 31). These definitions create a picture of a type of learning strategy, which
should reflect the nature of science via scientific inquiry. Yet, the question remains as to what exactly are 'the
correct' characteristics of scientific inquiry in practice?

A simple model of scientific inquiry is based on the scientific method. Broadly speaking, it is described
as a process in which the following events occur in sequential order: (1) observing, (2) developing a question,
(3) developing a hypothesis, (4) conducting an experiment, (5) analyzing data, and (6) stating conclusions. This
process continues as new questions are generated based on previous findings. This model, with different
variations is repeated in many of the US standards documents (NRC, 1996, 2000).

However, since its development, this model, with its rigid series of stages, has been criticized by
philosophers and science educators, who have produced alternative lists of process skills that were considered
more flexible. An example of such an alternative list is presented in the Science: A Process Approach program
(AAAS, 1967). One example of an alternative process skill is controlling variables, a strategy which has
received enormous attention in research on the development of scientific reasoning (Kuhn and Dean, 2005).
Still, these lists are problematic as they define the scientific method as a coherent entity with regards to different
scientific disciplines (such as geology or physics). This problem is reflected in the way scientific inquiry is
defined by the NRC (1996; 2000). From one side, it talks about multiple methods; yet, concurrently it adheres to
a single scientific method. Thus, if one of our science education goals is to create future experts by enhancing
their ability to acquire scientific inquiry skills, we need to teach in a much more authentic way that reflects the
methodological diversity of the sciences. As Sternberg (2003) suggests:

If we wish to teach and identify expert students, we need to identify expertise in a way that is
closely aligned with the way experts are identified in the disciplines students study. For
starters, this means having students do tasks, or at least meaningful simulations, that experts do
in the various disciplines. Second, it means teaching them to think in ways experts do when
they perform these tasks.

Following Sternberg’s (2003) recommendations, if we want to understand the development of
expertise, we must first characterize the tasks that experts do in different disciplines, as well as the inquiry skills
that they apply while engaged in those tasks. One research method that has been used to understand expert
inquiry skills in the sciences is by studying the practices of scientists while they pursue their research agenda in
real time (the in vivo method). Thus, in this study, we ask the following question: how do inquiry skills develop
within a team of graduate student researchers in the historical-based science of integrative archeology? To
answer this question we followed these students as they conducted their research.

There are many instruments for assessing the development of scientific inquiry skills, and in this study
we used (among other sources of data) the scientific questions our research subjects generated about their field-
based work. Students' ability to ask high-level questions about scientific phenomena has been shown to be a
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good indicator of science learning in students from the high school to university level (Brill & Yarden, 2003;
Chin, 2004; Hofstein et al, 2005; Marbach-Ad & Sokolov, 2000). However, such question-asking must be put in
context; to do this, we will also describe the research process of the team as a whole, as well as add important
observations from the field and our interviews with the team members which further validate this analysis.

Understanding the Development of Scientific Expertise

Our understanding of what it means to be an expert in a domain has grown ever since DeGroot’s (1946)
classical studies of chess players. Thus, Chi and Glaser (1988) described experts as excellent performers who
have superior short and long-term memory and represent problems in deeper, more principled way than novices
who tend to build superficial representations. Concordantly, it was found that experts spend more time on
constructing a good problem representation, while novices applied a suboptimal trial and error strategy (Van
Gog et al., 2005).

Many theories were developed to explain these differences in performance (e.g.: Ericsson et al, 1993;
Gobet and Simon, 1996). One such theory, the Model of Domain Learning (MDL) suggested by Alexander
(1997), is important to our work because it portrays the nature of developing expertise in authentic academic
domains rather than extracting it from carefully chosen problems in diverse nonacademic domains. In contrast to
the traditional expert-novice theories, this model assumes that there are no sharp contrasts between experts and
novices; rather, it is a graded transition toward expertise. It also considers both cognitive and motivational
aspects as important factors in the expertise learning process, in contrast to traditional models which are "coldly
cognitive" (Pintrich et al., 1993). Thus, it focuses on three components (i.e., knowledge, strategic processing,
and interest) which are interrelated and play a role in this transition. In this paper, we focus on the first two
components.

According to this model acquiring expertise has three stages (i.e., acclimation, competence, and
proficiency/expertise). The most critical differences between experts and novices is the development of a broad
and deep knowledge base, a shift in the kind of strategies used, from surface-level to deep-processing, and the
increase in individual interest which permits experts to maintain a high level of engagement over time. The
concurrent development of these components allows experts to be actively engaged in problem finding, posing
questions, and instituting investigations that (sometimes) push their domain boundaries.

In terms of expertise studies examining scientific thinking in particular, the research have gone through
considerable changes since its earliest period where the focus was on testing circumscribed aspects of the
scientific discovery process (e.g. Wason, 1968). Within the last two decades, researchers have used simulated
discovery tasks in complex domains in order to track participants as they explore, test hypotheses via
experimentation, and acquire new knowledge in the form of revised hypotheses (Schauble, 1996).

However, such empirical research has a number of problems when used to generalize about scientific
reasoning, such as the fact that scientific research is a collaborative enterprise taking months or even years to
complete (Dunbar, 1995). Thus, researchers in the field of cognitive psychology (Dunbar 1995; Nersessian et
al., 2003) and education (Bond-Robinson and Stucky, 2005; Feldman, 2008; LaPidus, 1997) have entered the
laboratory to study scientists as they pursue research in real time.

Unfortunately, almost all of this research is weighted towards laboratory-based, experimental sciences;
in fact, the only studies centered on field-based sciences are by Bowen and Roth (2007) in their examination of
field ecologists. Thus, in this study we decided to focus on a field-based science with a strong historical
component in order to better understand how expertise is learned in such fields.

As opposed to experimental-based sciences, such as chemistry which pursue experiments on natural
phenomena under controlled laboratory conditions, the goal of historical sciences such as geology is to
reconstruct past phenomena based on (mostly) un-manipulated evidence gathered as traces from the field. In
fact, historical-based scientific methodologies were specifically developed to cope with problems that could not
be solved experimentally. This has required the development of a whole set of methodological tools (both
theoretical and practical) that help historical-based scientists overcome the constraints of their field-based
evidence (Dodick and Argamon, 2009).. It has also affects the way graduate students are trained in the expert
methodologies that historical scientists use to solve research problems, as we will show here.

Methods

The Research Sample
The research field of the team we investigated is Integrative archeology; a relatively new scientific domain, its
goal is to use the (chemical and physical) properties of the materials accumulating at an archaeological site to
better understand the humans who inhabited that site. Such materials include minerals, and organically produced
materials such as bones, teeth, shells and plant remains.

The team’s advisor (senior Professor) is trained in geology, biology and chemistry and has published
extensively in the scientific literature. His team, at the time of this study consisted of two interacting groups:
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expert scientists (2 junior colleagues), and novice scientists (1 M.Sc. and 3 Ph.D. students). Additionally,
technicians, post-docs and summer students joined the team during summer fieldwork sessions.

As he advocates an interdisciplinary approach, the advisor accepts graduate students from most
scientific fields; this approach is reflected in the team’s background. “E” and “R”, the two junior colleagues are
trained in physics and archeozoology, respectively. Amongst the Ph.D students, “L” completed an M.Sc in
Molecular biology; “D” has an M.Sc in Archeology and “A” in Materials Science. In this study we focus our
analysis on the advisor and his 3 Ph.D. students.

Data Collection and Analysis

The team pursues fieldwork at least once a year in order to collect samples for their analyses. To collect our
data, we joined the groups' excavations (which typically lasted three-weeks during the summer) during a 4.5-
year research period (2004-2009). We videotaped nearly 50 hours of interactions among research team members
as they gathered and analyzed data in the field. Extensive field notes complement the video data. We also
recorded the groups’ seminars where members presented their works.

Semi-structured interviews were held with the team members after each field season. The interviews
informed us of the researchers' individual feelings and understandings about various aspects of their research. It
was also used to refine and validate our understanding of the field observations. All of the interviews were
recorded and transcribed.

The interviews provided us with rich amounts of data touching upon a considerable number of themes
which were analyzed using Shkedi's (2004) constructivist (ethnographic) method of qualitative research. In the
first stage of this analysis, primary categories were developed following a first reading of the interviews
allowing an initial coding. Careful attention to these categories produced a focused emergent framework, and
the data was then recoded according to that framework. Our analysis concentrated on the major research
challenges that the group members faced, as well as the strategies they employed to cope with these challenges.

A second analysis was done on the interviews and field observations using the questions that the
advisor and students generated spontaneously about their research. Questions are identified as “an interrogative
sentence or a declarative sentence with an embedded interrogative” (J. Dillon pers. comm.).

Two coding schemes were used in this analysis: (1) An emergent scheme (Table 1) which reflects both
the questions connected to the research goals of the team, as well as to the strategies the advisor mentioned as
promoting research. (2) A deductive scheme (Table 2) based on Dillon’s (1984) classification of (scientific)
research questions. Inter-rater reliability of these two schemes averaged 90%.

Table 1: Emergent categories of the questions asked by the team members.

Category and Definition

Example

Validity questions are concerned with the extent to which the results
of a research study can be generalized to situations beyond those
involved in the study (External validity) or about the extent to which
extraneous variables have been controlled by the researcher, so that
any observed effects can be attributed solely to the "treatment"
variable (Internal Validity).

Methodological questions are concerned with procedures needed to
solve a specific scientific problem.

Human Behavior questions are concerned with attributes connected
to human artifacts (e.g. Ceramic tools) or activities (e.g. Ways of
cooking).

Materials questions are concerned with attributes of materials (e.g.
color, IR spectra measurements).

Space and Time questions are concerned with the spatial and
temporal relationship between items such as Loci (areas), Layers,
and Samples.

What happened to the organic material
since its initial deposition?

(This question concerns whether the
material changes were caused by
chemical degradation.)

How do we date plaster?

What were these ceramic vessels used
for?

What will be the v-Ratio of the
samples?

Which Archeological layer is above
which?
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Table 2: Deductive scheme based on Dillon’s (1984) categories for classifying scientific research questions

Category and Definition Example

Property questions are concerned with the properties of a specific | What are the organic materials that were
“thing” (such as its shape, color, location). in this ceramic vessel?

Comparison questions deal with the comparative attributes between | What is the difference between the
two “things”. Calcite which was heated and the one
that wasn't?

Contingency questions deal with the relationship (relational, | Are the Copper rich sediments in situ or
correlative, or causal) between two “things”. are they a product of post-depositional
process of melting in water and going
through the sediments?

Results and Discussion

The Team's Research Process

Even though fieldwork happens only for a short period each year, it is critical to the team's research process
(Figure 1). In the first research stage, physical and chemical traces of human activity are collected, analyzed in
the (portable) lab and than reapplied to the field in order to locate a relevant research problem. In the second
research stage, specific traces are collected in selected locations, followed (sometimes) by simulations in the lab
and reapplication of the results to the field in order to solve the research problem. Both stages require at least
two iterations, because lab analyses often require the team returning to the field and re-sampling a specific area
in order to clarify and validate results emerging from the initial analysis.

Primary Field Focused > In the same
Analysis Analvsis Archeological site
(e.g. describing

different plasters at

Sampling & Sampling & different loci).

"
s

Documenting Documenting
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In modern
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Figure 1: A schematic model of the team’s research process

An example of a typical research problem was based on the observation that at certain site locations
many of the sediments analyzed by IR-spectroscopy seemed to have been chemically altered by exposure to
high temperatures. Solving this issue involved fully characterizing the phenomenon at different geographical
and stratigraphical locations of the site, as well as modeling the effect of heat on sediments under both lab
(using ovens) and field conditions (using natural fire); such simulations are intrinsic to the methodology of
historical sciences. The aim of this problem-solving process was to create a tool enabling the researchers to
reconstruct human behaviors from field materials, both at this site, and possibly at other sites as well.
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Assessing the Development of Expertise amongst the Students

Our data indicates that the advisor strongly stresses (24 times in a total of five interviews) the importance of
problem identification as possibly the most critical element of field research and the most difficult one to teach
(Dodick and Flash-Givili, 2008). Typical is his comment after the 2004 field season.

This is "the state of the art" or "the name of the game" in science! It's not to collect
observations, to summarize the details and to publish it; however, in these complex situations,
without a direction, to identify the “thread” that will lead to something significant. If this
would be something that I could teach in a lecture or a class...it would have been useful, than I
think I don't need to teach further; the rest is technique."

We frequently noticed the advisor teaching this principle to his students. A typical example is his
feedback (from field season 2006) to two of his students who immediately tried to solve the questions connected
to a specific section even before mapping it and identifying the questions it elicited. "This is the wrong picture!
In other words, even if we where there [at the problem solving stage] it's not for... I mean, if it's a serious
problem we will do it, we will solve it, we will ask these questions, but maybe it's not even stratified..". Later,
when asked to reflect on this event, the advisor said: "The big message is that you have to use the tools in order
to do it in iterations, every time having a smarter question. Not in an automatic way." Thus, 'listening' to the
questions presented by the field is a leading research strategy for him.

These observations led us to hypothesis that if we analyzed the questions posed by the students we
would be able to better understand the progress they made in their research. Hence, we characterized the
frequencies of questions asked by the three Ph.D. students’ in the interviews (Table 3). Note that in 2006, the
researchers surveyed a second site, in addition to the main focus site with which they began their research. It is
important to take into consideration though, that this quantitative account is just a raw indicator of trends. This
is not meant to be a fully quantitative study because of the small group size.

Table 3: Changes in the types of questions posed by the 3 Ph.D. students after each field season based on our

emergent categories (presented as percentages of the total)

Interview 1 Interview 2 Interview 3 Interview 4
2004-2" year* | 2005-3" year 2006-3" year 2007-4" year
N=13 N=24 N=17 N=15
Materials 38% 17% 40% 40%
Student A Hum. Behavior 62% 29% 12% 27%
(PhD) Space & Time 0% 37% 24% 20%
Validity 0% 0% 18% 0%
2006 - 1™ year* | 2007-2" year* | 2008-3" year 2009-4" year
N=15 N=20 N=19 N=12
Materials 20% 35% 52% 50%
Student L Hum. Behavior 13% 5% 5% 0%
(PhD) Space & Time 53% 20% 0% 8%
Validity 7% 10% 16% 0%
2005-4" year 2006-4" year
N=30 N=23
Materials 13% 17%
Student D Hum. Behavior 30% 17%
(PhD) Space & Time 33% 43% NA (Ph.D. NA (Ph.D.
Validity 17% 17% completed) completed)

Looking at the data, a number of important trends are seen. In the case of “A” there was a strong
tendency at the beginning of her work to focus on Human (cultural) behavior. This is well reflected in the

following quote from an interview after field season 2004 (the second year of her Ph.D.):
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I want to work on things: ceramics, tools, kilns, installations, technology, to understand
technology, to see what happens to it, which materials did they use? Why did they use them?
Where did they take it from? Those kinds of things...

These types of questions, as she noted, are not encouraged by the advisor as he prefers asking questions
which will enable his team to create a universal tool, or research strategy which can be applied to many sites.
However, even though she recognized his intentions, she still insisted on focusing on human behavior questions.
This may have been due to her misconception that her immediate task, as an archeological problem-solver was
to reconstruct human behaviors of the past. This also correlates with our field observations which showed that at
the beginning of her Ph.D. this student worked very closely with the traditional archeologists, and this too may
have swayed her thinking towards human behavioral problems. In fact, her advisor mentioned that at the
beginning of her work, he needed to "separate” “A” from the archeologists".

However, the percentage of this question type tended to tail off through the third year of her Ph.D., as
she began to understand the importance of analyzing the properties of field materials both in terms of content
and their spatial-temporal relationships. This is clearly seen in the following quote from field season 2007,
which was the fourth and final year of her Ph.D. research.

Today I don't need someone to explain to me to know that this [layer] cuts this and this cuts the
other, that this is early and this is late. This might sound trivial, but it wasn't at all like that for
me at the beginning. I also have a little bit more understanding of the processes, of how they
occur. Which kind of by-product you expect from a pile of dung which had disintegrated, or
from metal that stayed in the ground. What to expect if I have a collection of metals? How the
does the sediment around it look? All these little contexts are much clearer to me today.

In contrast to “A”, “L” asked a smaller frequency of human behavior questions even at the beginning
of his Ph.D. and the frequency of such questions rapidly declined through his research. Concomitantly, we see
an increase in the percentages of materials, validity and methodological questions; this increase connects well to
his interest in methodological problems, in which the ultimate goal is to create a tool that might be used to better
reconstruct the temporal background of a site. As he noted in the first year of his Ph.D. studies: "If we could
invent a scientific physical method that will really prove that one ceramic artifact is present before the other [...]
it's a very nice idea to do". Indeed, “L's” research focused on validating a new tool for dating plaster
compounds. Interestingly, at the end of 2008, his research focus shifted toward characterizing the chemical
properties of plaster with no connection to developing a new tool. This change was forced upon him by
circumstances in the field, as he encountered some major difficulties in the dating project, while at the same
time he started identifying extraordinary examples of plaster in a specific site.

In essence, the shift in “A” and “L's” questions represent the influence of the advisor’s research
philosophy which emphasizes the importance of starting a project with a field-based material analysis before
jumping to questions of human behavior or trying to invent a new tool. However, at least in the beginning of
their studies, his students had a tendency to pose broad questions (i.e. what did people do here?) and
immediately tried to solve them. Moreover, they were inclined towards using “actualistic” logic to answer their
questions even before collecting data in the field. (Actualistic logic is used to reconstruct the past based on
knowledge of present conditions. It is a widely used in all historical sciences). Indeed, the advisor often had to
warn them "not to use their logic to come to a conclusion". Instead, he emphasized the importance of "using
logic to ask a question" and "to try and get the data to support it".

Finally, “D” like her colleagues shows a decrease in human behavior questions, but unlike “A” and “L”
she shows almost no change in materials-based questions. This may be due to her archeological background,
which made it hard for her to look at the field from a materials perspective. Indeed, she admitted that although
she had learned much in her Ph.D. she still needed to fill in considerable gaps in her understanding of chemistry.
This connects well to the way her advisor characterized her progress towards her Ph.D., which was in the
direction of becoming a "lab specialist"; this, contrasts with his research strategy which integrates both field and
lab findings.

Another research element emphasized by the advisor (2006 interview) is connected to understanding
the spatial and temporal context of the field, as he noted: “Excavation for everybody is the bread and butter of
Archeology. I excavate, I can decipher the stratigraphy and can complete the picture. If you are doing mistakes
in deciphering the stratigraphy than it’s a big mess, that nobody can work out”. In Table 3 we see that “A” asked
no spatial-temporal questions at the beginnings of her Ph.D. because as she admitted she “didn’t even
understand where to start observing”. This is supported by the lack of any stratigraphic diagrams in her field
notebook at this time. It was only in the third year of studies that she began to ask relevant stratigraphic
questions from her colleagues, and even began to draw field-based diagrams. In contrast with “A”, “L”, was
highly focused on developing a good understanding of the spatial-temporal relationships of the field, and this is
seen by the large frequency of questions he asked from the beginning of his studies. In fact, his advisor
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(interview, 2006) noted that he was “ready made for this type of work™. Finally, Student “D” was very focused
on spatial-temporal relationships. This correlates well with her previous research experience in archeology.

We also used Dillon's (1984) scheme for classifying the questions; here, questions are classified to
three levels: Properties (I), Comparisons (II), or Contingencies (III). The purposes of this teams’ research are
identifying archeological materials and reconstructing human behavior; in contrast, the other types of questions
(Validity, Methodology, and Space and Time) serve these purposes. For this reason, we decided to use Dillon’s
(1984) scheme to focus in on materials and human behavior questions.

Our results show a very strong trend in (almost) every year, and every student towards level I
Properties questions, both in the case of materials and human behavior questions. "A"'s Properties questions
averaged 64% of her total materials-based questions across all the years we observed her, while her Properties
questions devoted to human behavior averaged 71%. This situation repeats itself with "L" (77% and 100%
respectively) and "D" (86% and 70% respectively). This supports the fact that the advisor is very careful in
establishing the baseline properties of archeological materials before jumping to causal relationships (Level III
questions). For example, one of his big research projects has been examining the material contents of an ancient
(garbage) pit. However, much of the discussion connected to this work has been on defining the nature of “pits”
in general. A similar issue arose around the definition of “metallurgic kilns” which was part of “A’s” research.

These results show that a good scientific research program does not necessarily have to concentrate on
causal questions; establishing a phenomenon's properties is critical in of itself. This is especially important in
field-based, historical sciences, where one doesn't control the evidence offered by the field; this forces the
scientists to collect every important trace, while validating its properties prior to answering any causal question.
In agreement with this observation, student "L" described the most important quality of this group's method as
"Differentiating between [the phase of] documenting the data from its interpretation; first explain what was
found, bring pictures, document everything, do everything properly and only after that stage, write in the
conclusion what you think it is". This emphasis is also supported by the team’s publications, most of which have
a strong descriptive character. The advisor hopes that his method will be applied to other archeological
problems, providing his work with greater validity.

Finally, thematic analysis of the advisor’s interviews shows an abundance of strategies that he uses to
identify research problems demonstrating that he is highly engaged in problem identification. Such strategies are
either derived from the disciplinary culture (i.e. Identifying gaps in experts' knowledge) or the data itself (i.e.
Following unexpected findings; Focusing on prominent data). However, at least at the beginning of their studies,
most of the students’ strategies were not derived from data but rather from the disciplinary culture wherein they
focused on problems previously identified by others; in other words they often expected their problem to be well
defined by others, before collecting data. This is not surprising in that this is the first time that these students
received an opportunity to fully develop a research program. Still, as they progress through their studies, the
students adopt a more experiential based approach (i.e. focusing on data they know how to analyze, based upon
'what the field offers'). This shift demonstrates their transition towards greater expertise.

Our results correlate well with Feldman (2009) where he classified the highest level of graduate science
research as creating "Knowledge Producers" who can, among other things, independently formulate research
questions. Similarly, Alexander (1997) also defined the highest level of academic research (in general) as
proficient experts who are actively engaged in problem finding. It also connects well with Van Gog et. al.’s
(2005) research which showed that in contrast to novices, experts invest far more time representing a problem
before solving it.

Nevertheless, our case study shows that such problem identification can be circumvented by the
students’ misunderstanding of where their research truly begins, as they believed that their primary goal was
solving human behavioral problems, when in fact they (first) needed to do a complete material analysis. Simply
put, they attempted to by-pass a significant research stage. By misinterpreting their research goals they also
sidetrack the process of formulating the questions that would ultimately guide their studies by immediately
jumping into a problem solving mode. This is reflected by how their questions change over time.

These results emphasize that the first goal of inquiry learning, i.e., "identifying questions that can be
answered through scientific investigation" (NRC, 1996) is a complex skill that novices need to develop before
they become scientific experts. Thus, even before dealing with the second goal of inquiry learning, "design and
conduct a scientific investigation", amongst which controlling variables is listed as a major skill, we need to
invest more time in supporting students with experiences that will develop their ability to formulate effective
research questions (Kuhn and Dean, 2005); we certainly cannot expect them to develop this skill by themselves.

Obviously this is a small, focused case study so more research needs to be done to provide increased
validity to our results. Thus, we have started a comparative study analyzing another field based science —
ecology. This will permit a fuller description of some of the in-depth problems that students experience while
learning to become expert field scientists.
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Teachers Collaborating with Wiki: The Impact of
Professional Status, Language, and Age

Yael Poyas, Oranim College of Education, 36006, Israel, yael p@staff.oranim.ac.il

Abstract: Research indicated that Wiki-aided teaching has many advantages if
supported by appropriate pedagogy. The present study examined the effect of this
environment on the learning process during an M.Ed literature course for a
multidisciplinary group of Jewish and Arab teachers in Israel. The findings were
derived from the Wiki data, from learners' written and oral feedback regarding the
experience, and from the lecturer's reflective diary. Although the learners’ and
lecturer’s satisfaction was high, since the Wiki framework contributed to the
learners' interest, involvement, and depth of their investigation, yet self-confidence
in language use, cultural learning habits, age and professional status affected the
learners’ performance.

This article is about the use of the Wiki technology as an alternative platform for the construction of a
shared interpretive space (Sumara, 2002) for the study of literature in the context of an M.Ed program
for experienced teachers. It examines the data from the point of view of a teacher educator,
investigating the experience of her teaching with the purpose of both improving her work and of
contributing to the accumulating knowledge regarding the use of Wiki in professional development
programs for teachers.

Theoretical Background

The Wiki Environment in Educational Settings

The Wiki platform is an environment enabling cooperative and collaborative learning, each participant
being permitted to write, add, edit and alter any text written within its framework (Leuf &
Cunningham, 2001). In this sense, Wiki's features create a "low risk" editing environment (Wang &
Beasley, 2008), providing a multimodal and hypertextual writing platform, transparent to all readers.
Studies examining Wiki-aided teaching found that this environment has many advantages. It fosters
constructivist learning, as well as collaboration and interaction among the students themselves and
between each student and the teacher. The knowledge constructed by students is made available to all
the participants in the course for study and evaluation (Morgan, 2004; Watson, Boudreau, York,
Greiner & Wynn, 2008). Moreover, it appears that the level of investigation by students using the Wiki
platform improves, due to their being exposed to appraisal by their colleagues and others (Ravid,
2006). Recently researchers recommended the incorporation of Wiki as a platform for creating
collaborative updated and course-oriented textbooks, in order to empower learners (Ravid, Kalman &
Rafaeli, 2008). As Ruth and Houghton (2009) claim, Wiki is more than a tool, it is a way of learning.

Satisfaction with learning in the Wiki environment was found to be high, when supported by
appropriate pedagogy (Ben-Zvi, 2007; Meshar-Tal & Tal-el-Hasid, 2006; Morgan, 2004). Studies
dealing with learning language and literature with the help of Wiki show that this environment
promotes high-level reading comprehension, a diversity of interpretations, and dialog among
interpreters with various cultural backgrounds (Désilets & Paquet, 2005; Faranbaugh, 2007). It also
increases writers' awareness of the effectiveness of critique in improving their written products, their
meticulousness regarding spelling and syntax, and their sensitivity to different context-dependent
modes of writing (Wheeler & Wheeler, 2009).

Researchers reveal that the success of educational Wiki-based learning projects or their failure
depends on many factors; indeed, the same researchers may sometimes report success and at other
times describe difficulties and discontent (Wang & Beasley, 2008). It was also reported that the
learners' attitude towards Wiki and their time investment in posting varies from one learner to another
(Ravid, Kalman and Rafaeli, 2008; Robertson, 2008). Studies also showed that the specific discipline
and its culture of study affect the success in Wiki-aided learning (Rick & Guzdial, 2006).

Culture and learning via interactive educational technologies

Culture influences its members' ways of thinking and interpreting (Branch, 1997; Matsumoto, 1996).
When teaching with the aid of technological tools two cultural factors should be noted: effects of
cultural attitudes concerning interpersonal communication, and the language and ways of coding and
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decoding knowledge (Wild, 1999), as well as the effects of the learners' epistemological and
philosophical perceptions concerning teaching and learning.
Eifects of cultural aftitudes - Researchers proposed a variety of models to explain the differences
between cultures, for instance between individualist and collectivist cultures, cultures with high-level
context-dependent communication as opposed to cultures with low-level context-dependent
communication, as well as cultures capable of accepting ambiguity and those avoiding it
(Gunawardena, Wilson & Nolla, 2003; Hall, 1966, 1976; Hofstede, 1986; Matsumoto, 1996). Different
cultural codes, culture-dependent information processing and expression, as well as culture-dependent
networks of relationships and norms of interpersonal communication, may cause participants various
problems while studying in multicultural groups in social technological interactive environments such
as Wiki (Gunawardena, Wilson, & Nolla, 2001; Hall, 2006). There are cultures (like western cultures)
in which language is perceived as a tool conveying precise meaning, and other cultures (like the Arab
culture), where it is perceived as a system of linguistic forms, arousing feelings and visual images.
Thus, while one culture pursues functional, precise, explicit and unambiguous use of language, another
prefers affective language, implicit and rich in imagery (Dwairy, 2006; Zaharna, 1995). For instance,
studies showed that students from cultures avoiding ambiguity find online learning environments more
frustrating than students from cultures accepting ambiguity (Downey, Wentling, Wentling
& Wadsworth, 2005), and that students writing in a foreign or second language participated less and
were less confident in their contributions (Yilditz & Bichelmeyer, 2003).
Effects of learners' perceptions concerning teaching and learning - Studies report that while
developing their pages on Wiki, many learners find it difficult to cope with the task of knowledge
construction owing to the norms they had become used to, with the teacher not only providing them
with the required knowledge, but also determining the framework for its organization and presentation
(Farabaugh, 2007; Wang & Beasley, 2008). Such difficulties become acute when students, partaking in
a collaborative interactive multicultural learning group, are accustomed to traditional spoon-feeding
ways of teaching and learning; they encounter tremendous obstacles in attempting to adapt to the self
directed environment (Alsunbul, 2001). The characteristics of academic culture, which honors
ownership of knowledge and copyright laws, were also found to affect activity in the Wiki
environment; they minimize learners' willingness to allow peers to edit their Wiki pages and their own
willingness to evaluate other students' work (Lindsey, 2006; Wang & Beasley, 2008).
Educational technology and teachers' development- Research on teacher education and educational
technology including Wiki is growing rapidly. The teachers' attitude towards the benefits of technology
for everyday school instruction is a crucial factor affecting technology implementation (Becker, 2000;
Cuban, 2001). If the experience of learning with Wiki undergoes reflective processing and is integrated
in the teachers' curricular thinking, it may be translated into effective use in the planning of teaching
and in sharing experiences with colleagues (Darling-Hammond, Banks, Zumwalt, Gomez, Gamoran
Sherin, Griesdorn & Finn, 2005). A positive experience of the use of the Wiki technology in teacher
education programs will hopefully encourage teachers to subsequently use Wiki in their teaching.

The current study focuses on the impact of learning with Wiki on the process of the learners'
writing and editing of their contributions as a result of a collaborative activity, within the framework of
in-service M.Ed studies at a college of education in northern Israel.

The Study

Course Context

The M.Ed program of multidisciplinary instruction is intended for experienced teachers from Arab and
Jewish schools from the northern periphery of Isracl. The Arab and Jewish sectors in Israel have
separate elementary and secondary educational systems, each one of them having its own language of
instruction (i.e., Arabic, Hebrew). Only in higher education are Jews and Arabs engaged in
multicultural encounters, sometimes in very conflictual political contexts. Studies examining the
integration of Arab students in colleges and universities where the language of instruction is Hebrew,
found that Arab students had to cope not only with high level and academic Hebrew, but also with
reading material in English, teaching methods demanding more independent study, and more free and
open relationships between students and between them and their teachers (Al-Haj, 1996; Peleg &
Raslan, 2003).

Course Participants - 19 participants took part in the course under study, 9 Arab teachers and 10
Jewish teachers. Most teachers were women (typical of the state of the profession in Israel). Their ages
ranged from 26 to 56 years, while half of them were between 41 and 55 years old. The teachers’
professional experience ranged from three to dozens of years. Twelve of the teachers were teaching in
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primary schools and the rest in secondary schools. Only seven of them had studied literature for their
B.A. degree. None of them had previously read the novel studied, nor had any experience of study in
the Wiki environment. The affiliation of the group's members to Arab or Jewish society, their different
mother tongue (i.e., Arabic or Hebrew), were the salient cultural factors distinguishing between them.
As for other factors, such as age and professional identity, the participants had much in common.

Aim and Content of the Course - The aim of the course under study (14 weeks) was to engage the
learners in an encounter with world literature (Cai & Sims Bishop, 1990), and to build up a group
database about the novel 7The Day Lasts more than a Hundred Years by Chinghiz Aitmatov, sharing
historical, geographical, cultural, and literary knowledge, as well as individual and group
interpretations. The assignment was to write an entry about a broad topic in the novel, relating it to
entries written by other colleagues, complementing or expanding them. Writing on the Wiki platform
evolved alongside 10 weekly face-to-face lessons, lasting 90 minutes each. (In the other four weeks
there were no F2F meetings.) Blended model of teaching & learning was preferred to reduce the
difficulties of adapting to Wiki-based writing, and to enable whole group F2F discussions of the novel
and the written products. The learners were also asked to respond to their colleagues' entries on the
'discussion board’. The writing process continued until a month after the end of the course sessions,
altogether about five months. No specific guidelines for content, style and organization of the entries
were provided, in order to give the learners freedom with respect to their style and interpretations.

Research questions
This paper focuses on the development of the written products on the group's Wiki database.
1. What was the pace of the entry into activity in the Wiki environment and which factors
affected it?
2. What steps did the learners take and which strategies did they employ in their writing when
given free rein to carry out literary interpretive tasks in the Wiki environment?

Data Collection and Analysis

The data were derived from three main sources:

Data provided by the Wiki platform. (a) The entries written by the teachers; (b) The remarks on each
entry, written on the discussion board; (c¢) Data provided by the history of each entry regarding the
number of posts, changes and editing operations made.

Data derived from the teachers’ reactions: (a) The teachers’ remarks in the course of the lessons, noted
down in the lecturer's diary; (b) Feedback reports written by each teacher about his/her experiences; (c)
The transcript of the discussion that took place during the summing up of the Wiki-based experience.
Data from the lecturer's diary: The lecturer's own notes about (a) teachers’ remarks, (b) her
conversations with them, as well as (c) the phenomena and problems identified by her during the
course.

The Wiki pages’ history boards were analyzed in order to learn about the teachers’ pace of
writing and editing throughout the course. The written entries were surveyed for the number of linkages
made by the teachers at three points of time — during the first version, the final one and an in-between
version. Utilization of linkages to their peers' entries (and/or other Internet sites) implied teachers'
adjustment to some of the norms of writing in hypertextual environments as well as their familiarity
with peers' products and contributions. The discussion boards were examined to identify the
contributors and the topics discussed. Learners’ responses, collected throughout the course and derived
from their feedback pages and the final discussion, were categorized according themes concerning
participants' (a) experiences of success, (b) apprehensions, (c) difficulties, and (d) ways of coping with
these difficulties. Learners' responses were used to investigate the considerations they had in mind and
to explain phenomena, related to features characteristic of the Wiki platform. The lecturer's diary
assisted her in recalling her reasoning regarding the learners’ difficulties, the phenomena mentioned in
their’ statements, and the evolvement of the writing throughout the course.

Findings and Discussion

On the whole, the teachers displayed enthusiasm and interest in the Wiki assignment, and gradually
developed a Hebrew database about the novel. The teachers’ feedback at the end of the course was
positive, and all of them emphasized that Wiki had increased their involvement in the course. However,
a closer examination of their strategies and activity called attention to some factors that may have
impeded involvement and performance, and they should be addressed.
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The Pace of Entering into the Activity

There were differences, related to teachers’ specific cultures and languages, in the pace of their work
and their readiness to write the opening paragraph of the entry, as can be seen in the following Table
(see Table 1).

Table 1: Points in Time of Students' First Entrance into the Wiki Environment

Weeks of the Semester

2 3 4-5 6-9 10-14 Later

Arabs | Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews Arabs Jews

- 1 - 3 - - 2 4 6 2 1 -

According to the participants' explanations, the slow entry into writing on the website was due
to four main reasons: (a) less confidence in their knowledge of the language; (b) the felt need to
become well acquainted with the text; (c); their habits of study, and (d) their attitude towards
technology.

Knowledge of the language was mentioned repeatedly by four of the Arab teachers, their fear of writing
in a faulty style, of making linguistic and spelling mistakes for all to see. When asked, the Arab
teachers who were actually teaching Hebrew (6 out of 9 teachers) stated clearly they were more fluent
and proficient in Hebrew academic writing than in their own language; however, when it came to
exposing in public their writing in progress alongside that of their Jewish colleagues, they became less
willing to participate in the activity.

Knowledge of the novel- Native Hebrew speakers read the novel fluently and did not wait for group
discussions in order to continue reading, while eight out of the nine Arabic native speakers read the
novel chapter by chapter, relying on classroom discussions to clarify the novel’s content and the issues
it raised. As a result they constructed their initial impression of the novel at a later stage of the course
and started writing their entries later than most of their Jewish colleagues.

Habits of study. Three (33%) Arab teachers expressed frustration regarding the complexity of the task,
which called for their own interpretation of a phenomenon in the novel or outside it, without any
specific guidance regarding content or structure. Their explanations exposed their expectations that the
lecturer would provide them with clear instructions, similar to those usually provided in an academic
course regarding the final paper. The case of these teachers’ slower and more cautious entry into the
activity and the crutches they needed drew attention to the difficulty, caused by open assignments in
the transparent Wiki environment as experienced by those who are not confident enough to cope with
multidirectional and unstructured tasks. The Wiki technology transparency leaves no private space to
those needing more time and guidance; rather it “exposes” them to the entire community. When the
community of learners consists of self-aware experienced teachers, this exposure may mentally block
some of them.

Attitude towards technology: Some older teachers who hesitated in their first steps explained their
difficulties in their reluctance to use technology for writing.

According to the participants’ responses, it appears that their mother tongue, age as well as
learning habits were important factors, affecting the pace of entry into the writing activity.

Steps and Strategies in Writing

Using the word processor. About a third of all participants admitted that they wrote their thought first
on the word processor, placing them on the website only when they were entirely satisfied with what
they had written. This phenomenon may also explain why many entries began to appear on the website
only in the last third of the semester. Seven teachers, Arab and Jewish, mentioned they were incapable
of showing their work in progress to others. Seven others began writing only after composing several
paragraphs on the word processor, but from this point on continued to use the Wiki, without resorting
to the word processor again. Only four Jewish and one Arab teacher presented their work in progress
throughout the course. During the feedback discussion at the end of the course all the teachers agreed
with one of their colleagues' assertion that it was very strange and unusual to skip the private, intimate
and reassuring step of working on the draft papers, and that it needed courage to expose partial
products in public.

Most participants (70%) reported that their apprehension regarding their colleagues’ reactions
affected their writing: “I am a teacher; I evaluate and give grades to my students. Am I supposed to let
others see a slipshod piece of my work? That’s totally out of the question. It took me a relatively long
time to accept that it is possible to post on Wiki ideas not properly thought through. You [the lecturer]
must understand the radical change we had to undergo to participate in Wiki”. Another student
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remarked: “Writing is a very private matter for me. I can’t imagine exposing to others the process of
the consolidation of my ideas”. Such remarks highlight the radical change in attitude required for work
in the Wiki environment regarding the long-established habits that experienced teachers acquire in the
course of their studies and professional development.

Duration of writing, editing and revising. The students not only started their task at different points in
time, but also varied in the number of times they posted and edited their entries and in the duration of

their Wiki-based writing periods, as is evident on the following Table (see Table 2):

Table 2: Length of time learners worked on Wiki and word processor assistance

Duration Arab Jewish Learners Assistance of word processor
Learners
4.5 Months - 4 No assistance
4 months 2 4 Partial assistance
3 month 3 1 -
1 month 2 - Full utilization, with final editing work on Wiki
1 Week 1 - Full utilization
3 days - 1 Full utilization

Teachers who wrote directly on the website edited their entries fifteen to twenty times in the
course of the semester, worked on it for long periods and expressed explicitly their great involvement
in the novel and their enjoyment of the course. Others posted or edited their posts only 3 to 7 times.

Writing in a hyper-textual environment. At first the entries resembled the usual type of academic
writing, the students almost totally ignoring the hypertextual features of the Wiki environment. The
awareness of the need to adapt their writing to a hyper-textual environment developed slowly. An
overall survey of the entries' development revealed that it took seven or eight weeks before the
participants realized what a hypertextual environment could offer. It occurred only after (a) the entries
had grown to several paragraphs each; (b) participants were explicitly instructed to read their
colleagues’ entries (c) devoting time to F2F review of several entries. At the same time the paragraphs
in their own entries became denser and more in line with the definition of their topic. However, only
small number of links was made by learners to external sites and the use of internal links was moderate
(see Tables 3 and 4).

Table 3: Number of links to peers' entries related to specific points in time during the course

No. of Links to peers' entries
0 1-3 4-7 8-12 13-14

No. of Initial version 13 3 1 1 -
learners In-between version 2 5 10 2 -
Final version - 4 11 3 1

Table 4: Number of external links related to specific points in time during the course

No. of external links
0 1 2 3 4 5

No. of | Initial version 18 | - - 1 - -
learners | In between version 11 |3 3 1 1 -
Final version 8 5 3 1 - 2

This phenomenon may be related to traditional academic writing habits and routines, and to
difficulties to adjust to interactive hypertextual norms of writing. Reflections of six of the Jewish
participants support this assumption.

Contribution of exposure to colleagues’ entries and to discussion boards: All participants mentioned in
their feedback that reading their colleagues’ entries led them to consolidate their own and concentrate
on the topic as defined. It enriched them with ideas and offered them new directions of interpretation.
They had also found reading the conversations on the discussion boards between their colleagues and
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the lecturer very interesting. These exchanges provided them with new avenues of thought as well as
guidance and direction.

The written products as private property and the 'discussion boards’ as private study rooms: Almost
all the participants were sensitive to their ownership of their entry and their colleagues’ interference.
They perceived the written text they produced to be the intellectual property of the writer. Seven of
them even signed their names at the end of their entries. They argued that exposing the entries to public
view permits their colleagues to read, but not to edit them. In this case, the teachers' comprehension of
the principle of the sharing of knowledge and of collaborative editing was not translated into practice.

The discussion boards served mainly as a space for the lecturer’s comments rather than a
shared space for discussing content and ideas among group members. Writing their own evaluation of a
colleague's work on his/her discussion board was perceived - as one of the learners put it - like “an
invasion of someone's private study”; therefore they tended not to write feedback. The feedback session
revealed that the participants discussed the written products with their colleagues and made critical
comments, but used other channels, such as F2F talks, phone or e-mail, channels that keep feedback as
a reciprocal act, taking place between two people, not as a learning space for all participants.

Only seven women (5 Jews and 2 Arabs) responded to 8 of their colleagues' entries,
expressing their interest, suggesting more references, discussing the contents, and elaborating on
connections between the entries. Only three of the teachers who received responses from others
continued to converse with them. Only 10 responded to the lecturer’s.

Conclusions

The findings of this case study demonstrate that collaborative construction of a database about a
literary work being studied on the Wiki platform enriches the learners’ appreciation by providing them
with diverse perspectives, and leads to a sharing of ideas and thoughts in the wake of their reading. The
Wiki characteristics expose all the participants to a whole gamut of opinions, voiced throughout the
course, while crossing cultural and social boundaries, owing to the possibility of reading the texts as
they accumulate, and thus become acquainted with their colleagues’ interpretations. Without the
collaborative technological framework, many interpretations might not have been voiced.

A more cautious perusal of the results revealed that alongside the apparent success, certain
limitations and problems must also be taken into account when teaching with Wiki in programs aimed
at experienced teachers’ professional development; the same is true in the case of multilingual and
multicultural study groups.

The current study focused on the first experience on Wiki of a heterogeneous group of
relatively experienced and older teachers, from different cultures and schools; it investigated the way
they made use of the various devices available to them, to improve their written product. These learners
had their own perceptions about a teacher’s role and were liable to cling to their habits, and to act
according to the rules and customs of the school in which they were working and the education system
they were used to.

When such a group of experienced teachers, aware of their professional status, is to assimilate
Wiki-based learning, it encounters obstacles, stemming from their habitual way of studying, their
teaching cultures (Feiman-Nemser, & Floden, 1986), as well as their entrenched perceptions of the
appropriate relations between teachers and students and their differing roles in the classroom. The
findings reveal that the issue of ownership of knowledge prevented colleagues from becoming involved
in the editing of the written text in progress. Moreover, the perception that evaluation is the teacher’s
right and also his/her obligation to the learners, but not the learners’ to their colleagues, reduced the
social-constructivist value of the Wiki technology.

The sense of fellowship among colleagues is not conducive to mutual criticism in the presence
of the lecturer, responsible for giving grades (see also Brett, Forrester, & Fujita, 2009). In this sense,
Wiki-based learning calls for alternative ways of assessment, different from the traditional academic
one.

The study reinforced previous findings, which maintained that the ways of writing in the Wiki
environment differ from customary academic writing and apparently more than one exposure to Wiki is
necessary for assimilating the Wiki ways of creating a network of connections (i.e., an ‘intertext’),
enabled by this technology. Most of the learners remained inside the pages of the “group's book™ they
had written about the literary work. This phenomenon may be attributed to learners' limited experience
with hypertextual non-linear environments due to their long established habits of learning (Dziuban,
Moskal, & Hartman, 2005).

The study found that learners in the Wiki environment, not writing in their mother tongue, feel
diffident; here this factor was salient and affected the ongoing process of group learning, since a part of
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the group, mainly the Arab learners, did not share with the others the development of their written
product, but preferred to start writing later and base the text on previous attempts on the word
processor. This resulted in the phenomenon that their late contribution was not discussed at the group’s
meetings, did not benefit from their colleagues’ thoughtful comments and did not enrich other learners’
products.

When the learners are teachers who have a high opinion of their ability to write and construct
knowledge, the fear of exposure of their weaknesses may cause them misgivings about early posting on
the website.

Limitations of the study: This study suffers from limitations characterizing 'messy' field
conditions, since it is impossible to differentiate accurately among variables. Moreover, it tells a story
of a single case study. Nevertheless, every case study of Wiki-assisted teaching may enrich our
knowledge concerning the Wiki impact on learning in diverse contexts. Additional factors, such as the
lecturer’s way of teaching, the literary work chosen (its length, complexity and contents), as well as the
academic backgrounds of each learner, call for further research in this field while using more modes of
inquiry, such as in-depth interviews of the learners and their teacher.
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Abstract: Previous studies demonstrated that basic numerical skills reliably predict children’s
future mathematical performance. The spatial representation of numerical magnitude,
represented in the form of a mental number line, seems to be of particular importance. Our
training program for kindergarten children used a digital dance mat as input device that
required children to move their whole body to respond in a magnitude comparison task. By
employing such a spatial embodied training method, in a parallel randomized cross-over
design, our study with 19 kindergarten children revealed a significant interaction between
training condition and repeated exposure to items, implying that children improved more
strongly in the dance mat than in the control condition. These results suggest that the use of
digital media to train embodied spatial numerical skills may be more effective in basic
numerical tasks such as magnitude comparison. We suggest that the involvement of embodied
spatial codes, shared by the representation addressed by the task at hand, aids acquisition of
task-relevant basic numerical skills.

Basic numerical skills

Arithmetic competencies are important cultural skills, comparable to reading and writing being a fundamental
requirement not only for school success, but also for coping with everyday life. At the beginning of their first
year of schooling, children’s arithmetic skills already differ markedly, and these differences do have long term
consequences. It has been repeatedly demonstrated that preschool numerical skills are a good predictor of a
child’s later arithmetic performance (e.g., Duncan et al., 2007). Findings so far suggest that arithmetic skills and
processing of numbers involve various basic numerical competencies that are based on specific types of
representations. For instance, the Triple Code Model by Dehaene (Dehaene & Cohen, 1995; Dehaene, Piazza,
Pinel, & Cohen, 2003) suggested three types of number representations: (1) the visual Arabic number form
(written digits); (2) a verbal representation (written or spoken number words); and (3) an analogue or semantic
representation of number magnitude (representing the quantitative meaning of numbers). Over the years, the
Triple Code Model has been revised several times, adding among other changes a spatial representation of
number magnitude in the form of a mental number line that is activated whenever a number is encountered
(Dehaene et al., 2003; Nuerk, Graf,