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Chapter 3

Fostering Collaborative Problem
Solving by Content Schemes

Kathrin Helling
Bundeswehr University of Miinchen, Germany

Bernhard Ertl
Bundeswehr University of Miinchen, Germany

ABSTRACT

This chapter focuses on the facilitation of collaborative problem solving by the method of content
schemes. Content schemes are content-specific pre-structures of learners’ collaboration facilities that
apply representational effects for the purpose of facilitation. They support learners to focus on particu-
lar issues of a problem solving process. The chapter presents results from two studies in the context of
collaborative problem solving using videoconferencing. The first study compared learning facilitated
by a content scheme and learning without facilitation, the second study compared the content scheme
facilitation with facilitation by an enhanced version of this content scheme. This enhanced version fo-
cused learners on providing evidence for their claims. Results show that while the content scheme itself
had a big influence on learning outcomes, the enhanced version had a rather small impact compared to
the regular version. This result raises the issue about the complexity of facilitation methods. Complex
facilitation may be too sophisticated for providing benefits to learning processes.

INTRODUCTION By combining theoretical concepts with evidence

from the case material, learners experience theory
Collaborative problem solving is estimated to be application. This approach allows them to reach
beneficial for learning processes and outcomes. a deeper understanding of the learning material
Learners usually work collaboratively on case (see Renkl, Mandl, & Gruber, 1996). Furthermore,
material in collaborative problem solving sce- learners share their perspectives on the case ma-
narios and this case material usually comprises of terial within the collaborative setting and these
theory concepts and evidence (case information). different perspectives support them to apply their

knowledge to different contexts outside the learn-
DOI: 10.4018/978-1-61692-898-8.ch003 ing environment. In this context, Gijbels, Dochy,

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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van den Bossche, and Segers (2005) call problem
based learning one of the major developments of
educational research, recently— mainly because
problem based learning environments provide an
active use of knowledge (DeCorte, 2003) with the
goal to facilitate the transfer of the knowledge
acquired and to avoid the acquisition of inert
knowledge (see Renkl, Mandl &, Gruber 1996).
Therefore, problem-based learning environments
usually apply the principles of situated learning
(see Lave & Wenger, 1991). Besides, literature on
problem-based learning relies on different theo-
retical frameworks (see DeCorte, 1996; Glaser,
Raghavan & Baxter, 1992), which commonly
agree on an organised domain-specific knowledge
base (or Joint Problem Space, according to Baker,
Hansen, Joiner & Traum, 1999; Roschelle & Tea-
sley, 1995) and meta-cognitive (often strategic)
functions that operate on that knowledge (see
Gijbels et al. 2005). With respect to the domain-
specific knowledge base, Sugrue (1995) defines
learners’ knowledge structure as consisting of
concepts, principles and links from concepts and
principles to conditions and procedures for the
application of knowledge. Considering strategic
functions, he states the importance of planning
and monitoring the problem solving process (see
also Gijbels et al. 2005). Furthermore, learners
have to negotiate shared meanings to establish
a common knowledge base for collaboration.
Thereby they engage in clarifying processes that
are often referred to as ‘grounding in communi-
cation’ (see Clark & Brennan, 1991; Dillenbourg
&Traum, 20006).

To sum up, processes of computer-supported
collaborative problem solving can be characterised
by three aspects (see Ertl, Kopp, & Mandl, 2006):
clarifying, strategic, and content-specific.

Clarifying aspects of problem solving refer to
several kinds ofactivities (e.g. discussion, actions,
and gestures). Learners perform them in order to
negotiate a “common ground” (Clark & Brennan,
1991) — a basis for their problem solving. By
this, learners come to a common understanding
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of the task and create the Joint Problem Space
(Baker et al., 1999; Roschelle & Teasley, 1995),
which defines the central terms of a problem and
brings the learners perspectives down to a com-
mon denominator.

The planning of the problem solving strategy
and its evaluation is an important strategic aspect of
collaborative problem solving processes. Accord-
ing to Bruhn (2000) itisnecessary in collaborative
learning where learners have to agree on their
course of actions (e.g. timing and sequencing).

The content-specific work on the task is con-
sidered relevant for effective collaboration due
to the presumed correlation between the quantity
and quality of content-related communication and
learning outcomes (Cohen & Lotan, 1995). Ac-
cording to Weinberger (2003) such work activities
are social interactions (e.g. externalisation and
elicitation of content) and epistemic activities (e.g.
the definition, elaboration and argumentation of
new content). Through successful engagement
in these interactions learners work on a shared
product or outcome, the collaborative problem
solution, which can be seen as shared mental
artefact (see Bereiter, 2002).

Collaborative Problem Solving
in Videoconferencing

Collaborative problem solving in videoconferenc-
ing implicates some peculiarities for the learners
because they do not share physical space. In a
videoconferencing scenario, learners are spatially
dispersed but they can communicate in spoken
words by amicrophone and speakers. Furthermore,
they can see the head and chest of their learning
partners by video transmission (see Finn, Sellen,
& Wilbur, 1997). The videoconferencing environ-
ment usually provides a shared application for
working on the collaborative problem solution.
This shared application is a shared work space on
the computer screens of the learners. It enables
them to take mutual notes and work on the same
document collaboratively (see e.g. Ertl, 2003;
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Fischer, Bruhn, Grisel, & Mandl, 2002; Ertl,
Fischer, & Mandl, 2006). All learners can see and
modify this document and thereby every learner
has the chance to participate in the process of
constructing the collaborative problem solution.
The spatial dispersion of learners may require
extended coordination of the synchronous work
on the document provided in the shared work
space, which could result in increased verbal
efforts (e.g. Acker & Levitt, 1987; O’Connaill,
Whittaker, & Wilbur, 1993). For example, learn-
ers cannot point out aspects of the document to
each other by using a finger and they may have
to use the mouse pointer or describe the meant
location verbally. Therefore, learners may invest
more efforts in processes of clarifying commu-
nication and grounding (Clark & Brennan, 1991)
for referring to particular elements of their shared
artefact. Thus, the videoconferencing scenario
could increase learners’ need for grounding in
communication.

In summary, learners’ collaborative prob-
lem solving comprises of several activities like
the content-specific application of theoretical
concepts on problems and strategic processes
for planning and monitoring the application of
knowledge, and clarifying processes to resolve
possible misunderstandings. These activities
result in a shared mental artefact, the collabora-
tive problem solution. Besides the advantages of
problem-based learning, learning environments
for collaborative problem solving contain some
challenges for learners, and learners may some-
times not have the strategic skills necessary for
developing a collaborative problem solution.
Furthermore, the scenario of videoconferencing
could provide further constraints and affordances
for the learners. The following section will con-
sider the issue of how instructional support could
facilitate learners’ collaborative problem solving
with respect to its process and outcomes.

FACILITATING COLLABORATIVE
PROBLEM SOLVING IN
VIDEOCONFERENCING

Facilitation of collaborative problem solving
can aim at different aspects of the learning
process. Therefore, facilitation may introduce
different facilitation methods. The main focus
lies on strategies for fostering the collaborative
problem solving process, which are often imple-
mented by structuring tools. “Structuring tools
aim at facilitating processes of collaborative
knowledge construction by guiding interaction
with constraints and affordances of the learn-
ing environment, by suggesting a structure to
learners’ collaboration or by providing support
regarding the learning contents” (Weinberger,
Reiserer, Ertl, Fischer & Mandl, 2003, p.4). Some
structuring tools aim at resolving issues of group
phenomena and missing collaboration skills by
the application of scripts for collaboration (see
e.g. Ertl, Fischer, & Mandl, 2006; Fischer, Kollar,
Mandl, & Haake, 2007; Rummel & Spada, 2005;
Weinberger, 2003; Weinberger, Ertl, Fischer, &
Mandl, 2005) or trainings for collaboration (see
Rummel & Spada, 2005). Other structuring tools
aim at content-specific facilitation, by providing
content strategies and visualisation of content
aspects. These can be implemented in a learning
environment by methods like mapping (Fischer
etal., 2002) or content schemes (Ertl, Fischer, &
Mandl, 2006). The introduction of content-specific
structuring tools to the learners can be realized by
pre-structuring the shared artefact or the shared
application in videoconferencing. In the context
of this chapter, we will illustrate and analyze the
facilitation method of the content scheme in detail.

Content Schemes
Content schemes use the mechanisms of task
representation. They provide and modify the

representational context of a task by visualising a
structure or strategy. This structure often works as
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atemplate by providing placeholders for important
dimensions or aspects of the content, e.g. a tabular
pre-structure. Zhang and Norman (1994) postulate
that such a modified representational context of
a task may also change learners’ subjective rep-
resentation of this task. Ertl, Fischer, and Mandl
(2006) discuss that the modified context may also
introduce an implicit strategy for solving a task.
Both, the modified subjective representation as
well as the introduced strategy, may facilitate learn-
ers’ ability to solve the task. An additional aspect
of content schemes is the salience of contents
(see Suthers & Hundhausen, 2003). The contents
entered by learners in the scheme remain salient
during the collaboration process. Furthermore, the
template effect of a content scheme supports the
salience of content dimensions: even if learners
do not enter anything at all in the pre-structured
table they can see which content dimensions are
relevant for the specific problem solving pro-
cess. Due to these aspects of salience, Suthers
and Hundhausen (2001) postulate the concept of
“representational guidance”. Its implementation
allows to guide learners and to focus their learning
activities, particularly on contents which would
have been neglected without the availability of
a content scheme (see Ertl, Fischer, & Mandl,
2006; Ertl, Kopp, & Mandl, 2008). Consequently,
representational guidance can be an important
mechanism for providing learners with a strategy
for collaborative problem solving.

Many studies provide evidence for the effects
of content schemes in the context of individual
learning settings (see Brooks & Dansereau, 1983;
Kotovsky & Fallside, 1989; Kotovsky, Hayes &
Simon, 1985; Larkin, 1989; Zhang & Norman,
1994; Zhang, 1997). During the last decade, their
beneficial effects were further supported by their
useto facilitate computer-supported collaborative
problem solving (see e.g. Ertl, Fischer, & Mandl,
2006; Ertletal.,2008; Fischeretal.,2002; Suthers
& Hundhausen, 2001). Fischer et al. (2002) in-
vestigated the effects of structural visualisation
and were able to show beneficial effects of the
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content scheme on the collaboration process and
outcomes. Suthers and Hundhausen (2001) also
reported similar effects with respect to tabular
content schemes. Fischer, Bruhn, Grisel, and
Mandl (2000) and Bruhn (2000) discovered that
content schemes changed collaboration processes
in videoconferencing with respect to knowledge
convergence, but without affecting the outcomes.
The studies of Ertl, Fischer, and Mandl (2006)
and Ertl et al. (2008) show the particular effect of
content schemes on guiding learners and focusing
their attention to specific contents.

Based on this background, this chapter will
provide insights into facilitating collaborative
problem solving in a computer supported audio-
visual learning environment (videoconferencing).
It has a focus on facilitation by a content-related
pre-structuring of the collaboration processes: a
content schemeto facilitate learners’ task-specific
strategies. The chapter presents different types of
content schemes for the learners, which were ana-
lyzed in two empirical studies with regard to their
influence on the actual processes of collaborative
problem solving and the quality of collaborative
problem solutions.

RESEARCH QUESTIONS

The chapter investigates how different types of
content schemes can be used for collaborative
problem-solving. As collaborative problem solv-
ing relies strongly on linking theoretical concepts
with evidence provided by case material (see
e.g. Kuhn, Weinstock, & Flaton, 1994; Sodian,
Zaitchik & Carey, 1991; Suthers & Hundhausen,
2003), itis obvious thatlearners need to thoroughly
examine evidence to receive the full benefits of
collaborative problem-solving. However, such
an examination of case materials is not always
done by learners to an appropriate extent. The
research described in this chapter has a focus
on two aspects: the first study analysis in how
far content schemes can facilitate collaborative



Fostering Collaborative Problem Solving by Content Schemes

problem solving (in general); the second study
has a particular focus on the issue of evidence
use, in particular the provision of case informa-
tion. It investigates how content schemes can be
improved to supports learners to consider more
evidence from the case material in their collabora-
tive problem solutions. This chapter has a focus
on how content schemes can facilitate processes
and outcomes of collaborative problem solving in
video conferencing. The content schemes of both
studies are compared with respect to their impact
on the processes and outcomes, which is reflected
in the following research questions:

Research question 1: In how far do different types
of content schemes have an effect on learners’
problem solving processes?

Research question 2: In how far do different types
of content schemes have an effect on the quality
of learners’ collaborative problem solution?

METHOD
Learning Scenario

The focus of the two studies was on the effects of
contentschemes on collaborative problem solving
invideoconferencing. In both studies, the problem
solving approach was implemented in the learning
scenario by giving the learners the role of school
psychologists who worked on a case of a pupil’s
problems in school. In particular, they had to deal
with the pupil’s problems in mathematics, taking
into account the three perspectives of the pupil’s
teacher, his mother, and the pupil himself. They
received a case framework, which contained the
background story and case information specific
to the three particular perspectives. The learners
had to make a collaborative analysis of the case
in order to find possible causes for the pupils’
problems according to the attribution theory. All
three perspectives comprised of different case

information (evidence) which was distributed
among the three learners. This resource distribu-
tion was implemented differently in both studies.
In the first study, the three different perspectives
had a minor extent of shared evidence, which
resulted in a lower task difficulty. In the second
study, there was no shared evidence and therefore
the task difficulty was higher.

The experimental sessions comprised of two
learning activities. At first, in an individual learn-
ing activity (25-30 minutes) learners had toread a
text about the attribution theory of Kelley (1973)
and Heider (1958) with the aim to familiarise with
the main concepts of this theory. Secondly, in a
collaborative learning activity (40-50 minutes)
groups of three learners had to solve the case of
the pupil’s problems at school together. Therefore,
it was necessary to extract and compile evidence
of the three different perspectives from the case
framework and to classify it according to the at-
tribution theory. All learners were instructed to
exchange their knowledge about evidence of their
respective perspective. During the collaboration
process, learners were connected via a desktop
videoconferencing system thatincluded an audio-
and video-connection. A shared application — in
particular ajoint word processing document—was
available on the computers of all three learners (it
could be edited by each of them) to support their
collaborative problem solution.

Participants and Design

Both studies applied the same learning scenario
but provided facilitation to a different extent. The
experimental design of study 1 compared a control
condition with a content scheme treatment (general
focus). In this study, 78 undergraduate students of
educational science took part (26 triads, see Table
1). In study 2, the general content scheme applied
in study 1 was compared to a content scheme
with enhancements for introducing evidence in
the process of collaborative problem solving
(evidence focus). In that study, 60 students of
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Table 1. Design of the two studies

Content Scheme

without with enhanced
Study 1 (general) 13 triads 13triads | e
Study 2 (evidence) | --—-—-- 10 triads 10 triads

education science and psychology took part (20
triads, see Table 1). As Table 1 indicates, both
studies had the general content scheme in common
and compared it with another treatment. In both
studies, the participants, some framing conditions,
and the instruction with respect to the application
of evidence were slightly different, and thus they
will be analyzed separately in the following.

Realisation of the Treatment and Use
of the Content Scheme

Applying the content scheme aimed at fostering
collaboration domain-specifically by visualising
important dimensions of the content. Thereby,
the content schemes focused learners’ attention
on the different aspects important for analysing
attribution patterns. In both studies, learner triads
with the support measure of the content scheme
or enhanced content scheme received it during
the collaborative problem solving activity. Both
types of the content scheme were made avail-
able to the learners via the shared application of
the videoconferencing setting. Learners without
content scheme worked with a shared application
which was not pre-structured. In turns, all three
learners had the possibility to insert information
in the shared application — either in the pre-

structured tables of the content schemes or in the
unstructured document.

Inthe content scheme, the causes for the pupil’s
problems in mathematics were the starting point
for the collaborative problem solving process.
Learners had to identify the different causes pro-
vided in the case materials of the three different
perspectives of the pupil, teacher and mother.
The next category comprised of the theoretical
concepts of the attribution theory: consensus and
consistency. Regarding this category, learners
had to identify the respective information from
the case information and determine whether the
particular instance had a high or low value. Based
on these determinations, the learners had to find
the corresponding attribution patterns according
to the theoretical work of Kelley and Heider (see
Table 2).

The enhanced content scheme had basically
the same structure as the content scheme but was
designed with two additional rows to support
learners’ differentiation between theory and evi-
dence (see Figure 1). Thus, the enhancement
provided different layers for each cause, one for
theory (dark grey) and the other one for evidence
(light grey).

Both types of the content schemes did not give
an explicit strategy to the learners but rather vi-

Table 2. Content scheme with exemplary case information and attribution

Causes

Case Information

Attribution Pattern

Consistency

Consensus

by Kelly

by Heider

Subject of Mathematics

High, all pupils have
difficulties in Math in
8" grade

High, difficulties during
complete duration of 8"
grade

object

External Stable
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Figure 1. Enhanced content scheme with exemplary case information and attribution

Causes Case information Attribution pattern
Consistency | Consensus Kelly [ Heider
&l pupils bhave 3 . X
. Sutjoct of! diteattios Al dering complats
Evidence i K i duration of
Mathematics in Matk in St e
Sth grade R
Evidence
Evidence

sualized the important aspects of finding causes,
connecting them with evidence information about
consensus and consistency and finally determin-
ing the attribution pattern.

Dependent Variables

The study analyzed the problem solving processes
and the quality of the collaborative problem so-
lution for evaluating the effectiveness of the
treatments.

Analysis of the Problem
Solving Process

For the problem solving process analysis, the
spoken discourse of the learner groups was tran-
scribed and segmented into turns. Each turn was
coded according to a fixed coding scheme (see
Table 4; Ertl, Kopp & Mandl, 2006). The cod-

ing scheme provided three main categories: (1)
content-specific negotiation, (2) strategic negotia-
tion, and (3) clarifying negotiation (grounding).
Besides this, the coding scheme provided also a
category for off task and sub-categories. These
lasttwo categories are of minor importance for the
analysis performed in this chapter and therefore
the focus will be on the three main categories in
the following.

A turn was coded as content-specific negotia-
tion, if learners dealt with evidence or theoretical
concepts in order to construct the collaborative
problem solution. The category of strategic ne-
gotiation comprised of activities of discussing a
strategy for problem solving, planning subsequent
steps and evaluating the current progress or qual-
ity of the collaborative problem solution. Clarify-
ing negotiation aimed at reaching a shared under-
standing among learners. It was directed to
establish grounding in communication (see Clark

Table 4. Coding scheme for learners’ problem solving processes

Category Turn

Content-specific

E.g.: “In the 8" grade, all pupils have problems with math.”; “Do you have some information about

consensus?”
Strategic E.g.: “We should summarise, somehow.”; “Should we go ahead with another cause?”
Clarifying E.g.: “I can’t understand you.”; “Jasmine took the perspective of the pupil’s mother.”
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& Brennan, 1991), to resolve problems in under-
standing the specific perspectives represented by
each learner, and to deal with challenges in han-
dling the learning environment from a technical
perspective. In both studies, two different raters
analyzed 10% of the discourses to ensure objec-
tivity. The inter-rater reliability of the coding
scheme was good (study 1: x =.88; study 2; k
=94).

Analysis of the Quality
of Collaborative Problem
Solution (Outcome)

Formeasuring the quality of collaborative problem
solution, the status of the joint problem solution
was analyzed at the end of the collaboration pro-
cess. The joint problem solution was created by
the learners during their collaboration process:
learners noted the results of the case solution in the
shared application. Correctly identified evidence,
correct determinations of consensus and consis-
tency and correct attributions were marked and
summed up to a score. The maximum score was
200 (100 points for the correct identification of
all evidence, 100 points for correct identification
and application of all theoretical concepts). The
closer the score of a learners’ problem solution
was to the maximum, the higher was its overall
quality. To ensure objectivity of the analyzes, two
raters coded 10% of the tests. In both studies, the
inter-rater reliability of coding was good (study
1: =.87; study 2: r=.87).

RESULTS

Problem Solving Processes

The firstresearch question considered the effect of
the content schemes on learners’ problem solving
processes. In study 1 (general), the proportion of

learners’ turns in the three categories of content-
specific negotiation, strategic negotiation and
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clarifying negotiation showed little difference
between the treatment with content scheme and
the treatment without support (control treatment).
In both treatments, the majority of turns was
related to the content of the problem solution.
Learners in the treatment without content scheme
uttered 83% of content-specific talk, and learners
supported with content scheme produced 86%
content-specific turns. The strategic planning of
the problem solving process was second: 14%
of the turns made by learners in the treatment
without content scheme, and 13% of the turns
of learners in the treatment with content scheme
were related to the strategic planning of the col-
laborative problem solution. Clarifying negotia-
tion had the smallest share of the discussions in
both treatments (without content scheme: 3%,
with content scheme: 1%). Descriptively, learners
with content scheme used less strategic and less
clarifying negotiation than learners in the control
group. This enabled learners with content scheme
to work more content-specifically.

In study 2 (evidence), the number of learners’
turns in the three process categories again showed
little difference between the two treatments. The
majority of turns comprised of content-specific
negotiation (with content scheme: 90%; with en-
hanced content scheme: 87%). The second most
frequent turns in both treatments were related to
clarifying negotiation. Learners in the treatment
with content scheme produced 7% clarifying turns,
and learners who were supported with the en-
hanced content scheme used 8% oftheir discourse
for clarifying. Strategic planning of the problem
solution was used to the least extent in both treat-
ments of study 2 (evidence). The discourse of
triads in the content scheme treatment comprised
of 3% strategic talk, and learners supported with
the enhanced content scheme dedicated 5% of their
discussions to strategic planning. Comparing the
treatment of the content scheme with the treatment
of the enhanced content scheme, the frequencies
of clarifying and strategic negotiation increased
for learners who received support by the enhanced
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content scheme. In consequence, learners in the
treatment with enhanced content scheme had a
minor proportion of content-specific negotiation.

Even if both studies are not directly compa-
rable, we can see differences with respect to the
effects of the pre-structuring provided in each of
them. In study 1 (general), the structure provided
by the content scheme reduced strategic and
clarifying talk, and therefore enabled learners to
focus more on content- specific negotiation. Yet,
the opposite happened in study 2 (evidence): the
additional structure, which was provided by the
enhanced content scheme increased the learners’
need to engage in strategic and clarifying talk
and therefore reduced their content-specific ne-
gotiation. Furthermore, we can see that learners
of study 2 (evidence) had a higher proportion of
content-specific talk, needed much more clarify-
ing, but were less engaged in strategic talk than
learners of study 1 (general). These observations
may have been caused by differences in the instruc-
tion given to learners in both studies. In study 2
(evidence), the instructions focused learners more
on evidence and the distribution of resources.
As learners of study 2 (evidence) had no shared
evidence, they may have needed to invest more
clarifying activities (grounding) to establish a
shared knowledge base.

Quality of Collaborative
Problem Solution (Outcome)

The second research question focused on the
effect of the content schemes on the learners’
collaborative problem solution. Figure 2 presents
the values of the quality of collaborative problem
solution for study 1 (general) for the categories
of theory and evidence. Learners in the treatment
with content scheme achieved a higher quality in
their collaborative problem solution than learn-
ers in the treatment without content scheme.
Especially, the results for the identification of
theoretical concepts improved dramatically for
learners using the content scheme. Furthermore,
these learners also identified on average 25% more
evidence than learners without content scheme.

Figure 3 presents the results regarding the
quality of collaborative problem solution of study
2 (evidence). The data shows that learners in the
treatment with enhanced content scheme scored
slightly better than learners who were supported
with the general type of the content scheme. This
result relates to both categories, theory as well as
evidence.

The comparison of these outcomes reveals
some differences in the effect of the content-
specific facilitation method. In study 1 (general),
a great impact of the content scheme was re-

Figure 2. Study 1 (general) Average quality of problem solution with and without content scheme, by

theory and evidence (0-100 points each)

100

@Theory WEvidence

90

80,92

80
70

60

score

%0 4185 40,75
40 |

30 1
20 1

without content scheme

with content scheme
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ported: the quality of the theory concepts identi-
fied by learners almost doubled and a huge gain
in evidence identification was observed. Such an
impact could not be reported for the enhanced
content scheme in study 2 (evidence). It just
provided marginal gains in theory as well as in
evidence identification by learners. This may be
obvious for the category of theory, as the enhanced
content scheme did not provide more facilitation
for this category than the general content scheme.
However, the results for the category of evidence
raise the question why the enhanced content
scheme did not show any greater effect. Compar-
ing the outcomes of both studies, the higher task
difficulty of study 2 is reflected in the theory
scores of the general content scheme condition
of both studies, which dropped from 81 to 56
points. However, the outcomes show also areduc-
tionin the difference between theory and evidence.
In study 2, learners identified a higher proportion
of' evidence in both treatments as compared to the
theory identified in the content scheme treatment
of study 1.

SUMMARY AND DISCUSSION

The aim of this chapter was to describe how
content schemes may influence problem solving

processes and outcomes. Therefore, we presented
two studies: study 1 (general) compared the ef-
fect of a content scheme with a control treatment
in which learners did not get content-specific
support; study 2 (evidence) investigated effects
of an enhanced content scheme for dealing with
evidence in problem solving. The general con-
tent scheme treatment used the same facilitation
method for both studies and could therefore serve
as baseline for the comparison of the two stud-
ies. The results showed differences between both
studies with respect to problem solving processes
and to learning outcomes. We attribute these dif-
ferences to the increased task difficulty of study
2 (evidence), which resulted from a different dis-
tribution of evidence in the case material of learn-
ers. Furthermore, the specific focus on evidence
in the instructions provided for learners in study
2 (evidence) might have influenced the problem
solving processes and outcomes. Considering
these two limitations for our discussion, we can
emphasize the following findings:

In study 1 (general), the content scheme af-
fected descriptively the collaborative problem
solving by reducing the proportion of learners’
strategic planning and their need for clarifying
negotiation. By this result, we presume that the
content scheme introduced an implicit strategy to
the collaboration process, which enabled learners

Figure 3. Study 2 (evidence) Average quality of problem solution with content scheme and enhanced
content scheme, by theory and evidence (0-100 points each)
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to work more content-specifically. Thereby, the
content scheme may have substituted learners
strategic actions (see also Ertl, Kopp, & Mandl,
20006). Furthermore, the content scheme provided
learners with a clear gain in the quality of learn-
ing outcomes — with respect to theory as well as
with respect to evidence. This result underlines
research results which show that content-specific
pre-structuring can be an important facilitation
method in collaborative settings and strengthens
the findings of earlier research with respect to the
instructional value of representational guidance
(see e.g. Ertl, Fischer, & Mandl, 2006; Suthers &
Hundhausen, 2003).

Study 2 (evidence) aimed at improving the
general content scheme with an evidence-specific
enhancement. Yet, this treatment did not meet
the expectations with regard to its effectiveness.
Based on our theoretical assumptions, there are
three possible explanations for the results. First
of all, the effect of representational guidance
and salience may be limited by the complexity
of the content scheme. According to Suthers
and Hundhausens (2003) the concept of salience
works with a clear indication of missing items to
learners through the provision of representational
guidance. However, this effect may decrease with
a growing complexity of the intervention: each
field in the provided pre-structured template
may receive proportionally less attention from
the learners. A second explanation postulates an
interaction of the complexity of an intervention
with the learner’s experiences (see Dobson, 1999).
Dobson discussed that a beneficial tool needs
to correspond with the learners’ abilities. If the
tool was too powerful, it may have exceeded the
learners’skills to use it and therefore learners may
not take the full benefits of it. Third, one may
consider that the amount of evidence provided
by the learners was relatively high (about 75% of
the theory concepts). It may be the case that the
enhanced content scheme introduced a deductive
strategy to substantiate theory claims by evidence,
instead of an inductive approach. This would
mean that learners started the problem solution

with naming theory concepts and then searched
for evidence which fits to the theory, instead of
identifying existing evidence first and classifying
it by theory concepts—and for such a strategy
the proportion of identified evidence (75%) may
already be a ceiling effect.

IMPLICATIONS AND
FUTURE RESEARCH

This chapter provided insights in the strengths
and limitations of content schemes for facilitation
of collaborative problem solving. It would be of
further interest to see how the specific processes of
content-specific, clarifying and strategic negotia-
tion correlate with the outcomes, and if particular
processes can predict outcomes in a certain way.
However, for a comparison of these aspects the
frames of both studies were too different. The
learning setting as well as the intervention had
an effect on the problem solving processes, and
the results for this research question would hardly
be interpretable. The differences in the clarifying,
strategic and content-specific problem solving
processes of both studies (see “Results: Problem
Solving Processes™) are an indicator for these
effects. Ertl, Kopp, and Mandl (2006) as well as
Helling (2006) identified strategic activities as an
important predictor for collaborative outcomes
(see also Gijbels et al., 2005). Yet, in the context
of studying the facilitation of problem solving
strategies this issue would need a more differenti-
ated analysis than would be possible in the scope
of this chapter.

Furthermore, the issue of the interaction of
content schemes and videoconferencing should be
analyzed in more detail. The shared work space
may receive much more of learners’ attention in
virtual settings than in physically co-present set-
tings due to the fact that it is the main interaction
channel of learners in such settings. Issues in this
context were further explored by Ertl, Kopp, and
Mandl (2006). Intheir study, they analyzed how far
learners’ discussions were related to the creation
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ofthe shared external representation. Furthermore,
the Fischer et al. (2002) study compared learning
processes and outcomes in a videoconferencing
condition with a face-to-face condition. Both
studies were able to show peculiarities of content-
specific support in videoconferencing. Further
research may investigate the effects of such support
in the three different settings videoconferencing,
face-to-face with computer support, and face-to-
face without computer support to gather in deep
insights of the effects of content schemes.

This chapter presented the method of content
scheme, which relies on the concept of represen-
tational guidance, for facilitation of collaborative
problem solving on a content-specific level.
Other methods, like collaboration scripts, focus
on pre-structuring the interaction of learners in
collaborative settings. Collaboration scripts aim
at the instructional introduction of beneficial
collaboration strategies and prevention of un-
desired group effects. Studies have shown that
the combination of scripts and schemes provides
best effects for collaboration outcomes (see e.g.
Ertl, Fischer, & Mandl, 2006). Scripting research
nowadays deals with flexible scripting which
relates to generic scripts for different purposes
(see e.g. Dillenbourg & Jermann, 2007; Haake &
Pfister, 2007). Further research in the context of
content schemes should also focus on the issue of
flexibility. In this context, future content scheme
approaches should consider how schemes interact
with a learner’s prior knowledge. Ertl, Kopp, and
Mandl (2005) could show that the facilitation by
content schemes was able to balance out differ-
ences in the learners’ prior knowledge (see also
Ertl, 2009; Ertl & Mandl, 2006). This opens the
chance for the flexible provision of particular con-
tentschemes adapted to different prior knowledge
levels that can particularly facilitate learners on
lower competence levels.
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CONCLUSION

In this chapter, we analyzed and compared col-
laborative learning processes and outcomes of two
different content scheme treatments and a control
condition from two studies. By this procedure,
we were able to show the impact of two content
schemes on problem solving processes and out-
comes of learners in a videoconference setting.
The general content scheme showed a facilitating
effect for the content-specific work on the task
by providing an implicit strategy for problem
solving and it improved the learning outcomes by
focusing learners’ attention on the relevant theory
concepts and evidence required for a high quality
problem solution. The enhanced content scheme
was subject to certain limitations with regard to
its facilitating effect: its complexity increased
the learners’ need for clarifying negotiation, and
it reduced the salience of theory and evidence
dimensions by splitting the learners’ attention
between both aspects. Also, the enhanced content
scheme implied a rather deductive strategy which
may have prevented learners from starting the
problem solving process with the identification
of existing evidence, followed by the application
of theory concepts on this evidence.

From both studies, we can draw implications
forthe implementation of content schemes in edu-
cational practice. First of all, content schemes are
apowerful means to support collaborative problem
solving. The application of content schemes in
collaborative problem solving in videoconfer-
encing makes important aspects of the problem
solving salient during the collaboration process.
This could enable learners to build an implicit
strategy for problem solving (see Ertl, Fischer,
& Mandl, 2006). However, the impact of the tool
is limited. If content schemes get more and more
complex, their supportive effect may be limited to
aparticular level. Additionally, influences from the
learning setting and task presentation, as well as
the combination of the content scheme approach
with scripting approaches, should be considered
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for the purpose of facilitating learners’ collabora-
tive problem solving processes and outcomes.

ACKNOWLEDGMENT

This research was funded by Deutsche Forsc-
hungsgemeinschaft (DFG), project number MA
978/13-3 and MA 978/13-4. We would particu-
larly like to thank Prof. Dr. Heinz Mandl and Dr.
Birgitta Kopp who were strongly engaged in the
design and implementation of the projects and
the respective studies.

REFERENCES

Acker, S. R., & Levitt, S. R. (1987). Designing
videoconference facilities for improved eye con-

tact. Journal of Broadcasting & Electronic Media,
31(2), 181-191.

Baker, M., Hansen, T., Joiner, R., & Traum, D.
(1999). The role of grounding in collaborative
learning tasks. In Dillenbourg, P. (Ed.), Collab-
orative Learning: Computational and Cognitive
Approaches (pp. 31-63). Oxford, UK: Elsevier
Science.

Bereiter, C. (2002). Education and mind in the
knowledge age. Mahwah, NJ: Erlbaum.

Brooks, L. W., & Dansereau, D. F. (1983). Effects
of structural schema training and text organiza-
tion on expository prose processing. Journal
of Educational Psychology, 75(6), 811-820.
doi:10.1037/0022-0663.75.6.811

Bruhn, J. (2000). Férderung des kooperativen
Lernens iiber Computernetze. Prozess und Le-
rnerfolg beim dyadischen Lernen mit Desktop-
Videokonferenzen. Frankfurtam Main, Germany:
Peter Lang.

Clark, H. H., & Brennan, S. E. (1991). Ground-
ing in communication. In Resnick, L. B. (Ed.),
Perspectives on socially shared cognition (pp.
127-149). Washington, DC: American Psycho-
logical Association. doi:10.1037/10096-006

Cohen, E. G., & Lotan, R. A. (1995). Producing
equal-status interaction in the heterogeneous class-
room. American Educational Research Journal,
32(1), 99-120.

De Corte, E. (1996). Learning theory and instruc-
tional science. In Reimann, P., & Spada, E. (Eds.),
Learning in humans and machines (pp. 97-109).
Oxford, UK: Elsevier.

De Corte, E. (2003). Designing learning environ-
ments that foster the productive use of acquired
knowledge and skills. In De Corte, E., Verschaftel,
L., Entwistle, N., & Merrienboer, J. J. G.v. (Eds.),
Powerful learning environments: Unravelling
basic components and dimensions (pp. 21-33).
Amsterdam, The Netherlands: Pergamon.

Dillenbourg, P., & Jermann, P. (2007). Design-
ing integrative scripts. In Fischer, F., Kollar,
I., Mandl, H., & Haake, J. M. (Eds.), Scripting
computer-supported collaborative learning.
Cognitive, computational and educational per-
spectives. Dordrecht, The Netherlands: Springer.
doi:10.1007/978-0-387-36949-5 16

Dillenbourg, P., & Traum, D. (2006). Sharing so-
lutions: Persistence and grounding in multimodal
collaborative problem solving. Journal of the
Learning Sciences, 15(1),121-151.doi:10.1207/
s15327809jls1501_9

Dobson, M. (1999). Information enforcement and
learning with interactive graphical systems. Learn-
ing and Instruction, 9(4), 365-390. doi:10.1016/
S0959-4752(98)00052-8

45



Fostering Collaborative Problem Solving by Content Schemes

Ertl, B. (2003). Kooperatives Lernen in Vid-
eokonferenzen. Forderung von individuellem
und gemeinsamem Lernerfolg durch external
reprdsentierte Strukturangebote [Cooperative
learning in videoconferencing. Support of in-
dividual and cooperative learning outcomes by
representational aids]. [Dissertation, Ludwig-
Maximilians-Universitdt Miinchen]. Retrieved
April 8,2010 from http://edoc.ub.uni-muenchen.
de/archive/ 00001227/01/Ertl_Bernhard M.pdf

Ertl, B. (2009). Conceptual and procedural
knowledge construction in computer supported
collaborative learning. InC. O’Malley, D. Suthers,
P. Reimann & A. Dimitracopoulou (Eds.), Pro-
ceedings of the CSCL2009 conference Computer
supported collaborative learning practices. (pp.
137-141). Retrieved April 8, 20101 from http://
www.isls.org/: International Society of the Learn-
ing Sciences (ISLS).

Ertl, B., Fischer, F., & Mandl, H. (2006). Con-
ceptual and socio-cognitive support for collab-
orative learning in videoconferencing environ-
ments. Computers & Education, 47(3),298-315.
doi:10.1016/j.compedu.2004.11.001

Ertl, B., Kopp, B., & Mandl, H. (2005). Effects of
an individual’s prior knowledge on collaborative
knowledge construction and individual learning
outcomes in videoconferencing. In Koschmann, T.,
Chan, T.-W., & Suthers, D. D. (Eds.), Computer
supported collaborative learning 2005: the next
10years! (pp. 145—154). Mahwah, NJ: Lawrence
Erlbaum Associates.

Ertl, B., Kopp, B., & Mandl, H. (2006). Fostering
collaborative knowledge construction in case-
based learning in videoconferencing. Journal
of Educational Computing Research, 35(4),
377-397. doi:10.2190/A0LP-482N-0063-J480

Ertl, B., Kopp, B., & Mandl, H. (2008). Supporting
learning using external representations. Comput-
ers & Education, 51(4),1599-1608.doi:10.1016/j.
compedu.2008.03.001

46

Ertl, B., & Mandl, H. (2006). Effects of individual’s
prior knowledge on collaborative knowledge
construction and individual learning outcomes
in videoconferencing. In S. A. Barab, K. E. Hay
& D. T. Hickey (Eds.), Proceedings of Making a
difference: the 7th International Conference of
the Learning Sciences (ICLS): Vol. 1, (pp.161-
167). Mahwah, NJ: International Society of the
Learning Sciences/ Lawrence Erlbaum.

Finn, K. E., Sellen, A. J., & Wilbur, S. B. (Eds.).
(1997). Video-mediated communication. Mahwabh,
NJ: Lawrence Erlbaum.

Fischer, F., Bruhn, J., Grisel, C., & Mandl, H.
(2000). Kooperatives Lernen mit Videokonfer-
enzen: Gemeinsame Wissenskonstruktion und
individueller Lernerfolg. Kognitionswissenschaft,

9(1), 5-16. doi:10.1007/s001970000028

Fischer, F., Bruhn, J., Grisel, C., & Mandl, H.
(2002). Fostering collaborative knowledge con-
struction with visualization tools. Learning and
Instruction, 12(2),213-232.doi:10.1016/S0959-
4752(01)00005-6

Fischer, F., Kollar, I., Mandl, H., & Haake, J. M.
(Eds.). (2007). Scripting computer-supported
communication of knowledge - Cognitive, com-
putational, and educational perspectives. Berlin,
Heidelberg: Springer.

Gijbels, D., Dochy, F., van den Bossche, P., &
Segers, M. (2005). Effects of problem-based
learning: A meta-analysis from the angle of the
assessment. Review of Educational Research,

75(1),27-61. doi:10.3102/00346543075001027

Glaser, J., Raghavan, K., & Baxter, G. P. (1992).
Cognitive theory as the basis for design of innova-
tive assessment: Design characteristics of science
assessments (No. CSE Tech. Rep. No. 349). Los
Angeles, CA: University of California, National
Center for Research on Evaluation, Standards,
and Student Testing.



Fostering Collaborative Problem Solving by Content Schemes

Haake, J. M., & Pfister, H. R. (2007). Flexible
scripting in net-based learning groups. In Fischer,
F., Mandl, H., Haake, J. M., & Kollar, I. (Eds.),
Scripting computer-supported communication of
knowledge - Cognitive, computational, and educa-
tional perspectives. Berlin, Heidelberg: Springer.

Heider, F. (1958). The psychology of inter-
personal relations. New York, NY: Wiley.
doi:10.1037/10628-000

Helling, K. (2000). Einfluss von Wissensschema
und Ressourcenverteilung aufdie Erstellung einer
gemeinsamen externalen Reprdsentation und den
kooperativen Lernerfolg in Videokonferenzen.
Aspekte der Bearbeitung und Koordination. Un-
published Magister Thesis, Ludwig-Maximilians-
Universitdt Miinchen.

Kelley, H. H. (1973). The processes of causal attri-
bution. The American Psychologist, 28,107—128.
doi:10.1037/h0034225

Kotovsky, K., & Fallside, D. (1989). Represen-
tation and transfer in problem solving. In Klahr,
D., & Kotovsky, K. (Eds.), Complex information
processing: The impact of Herbert A. Simon (pp.
69-108). Hillsdale, NJ: Lawrence Erlbaum.

Kotovsky, K., Hayes,J.R., & Simon, H. A. (1985).
Why are some problems hard? Evidence from
Tower of Hanoi. Cognitive Psychology, 17(2),
248-294. doi:10.1016/0010-0285(85)90009-X

Kuhn, D., Weinstock, M., & Flaton, R. (1994).
Historical reasoning as theory-evidence coor-
dination. In Carretero, M., & Voss, J. F. (Eds.),
Cognitive and Instructional Processes in History
and the Social Sciences (pp. 377—401). Hillsdale,
NJ: Lawrence Erlbaum Associates.

Larkin, J. H. (1989). Display-based problem
solving. In Klahr, D., & Kotovsky, K. (Eds.),
Complex information processing: The impact of
Herbert A. Simon (pp. 319-341). Hillsdale, NJ:
Lawrence Erlbaum.

Lave, J., & Wenger, E. (1991). Situated learning:
Legitimate peripheral participation. New York:
Cambridge University Press.

O’Connaill, B., Whittaker, S., & Wilbur, S. (1993).
Conversations over video conferences: An evalu-
ation of the spoken aspects of video-mediated

communication. Human-Computer Interaction,
8(4),389-428.d0oi:10.1207/s15327051hci0804 4

Renkl, A., Mandl, H., & Gruber, H. (1996). Inert
knowledge: Analyzes and remedies. Educational
Psychologist, 31(2), 115-121. doi:10.1207/
$15326985ep3102 3

Roschelle, J., & Teasley, S. D. (1995). The con-
struction of shared knowledge in collaborative
problemsolving. InO’Malley, C. (Ed.), Computer
Supported Collaborative Learning (pp. 69-97).
Berlin, Heidelberg: Springer.

Rummel, N., & Spada, H. (2005). Learning
to collaborate: An instructional approach to
promoting collaborative problem solving in
computer-mediated settings. Journal of the
Learning Sciences, 14(2),201-241. doi:10.1207/
s15327809j1s1402 2

Sodian, B., Zaitchik, D., & Carey, S. (1991).
Young children’s differentiation of hypothetical
beliefs from evidence. Child Development, 62(4),
753-766. doi:10.2307/1131175

Sugrue, B. (1995). A theory-based framework for
assessing domain-specific problem solving ability.
Educational Measurement: Issues and Practice,
14(3), 29-36. doi:10.1111/1.1745-3992.1995.
tb00865.x

Suthers, D. D., & Hundhausen, C. D. (2001).
Learning by constructing collaborative repre-
sentations: An empirical comparison of three
alternatives. In P. Dillenbourg, A. Eurelings &
K. Hakkarainen (Eds.), Proceedings of the First
European Conference on Computer-Supported
Collaborative Learning (euroCSCL) (pp. 577-
584). Maastricht, The Netherlands: McLuhan
Institute.

47



Fostering Collaborative Problem Solving by Content Schemes

Suthers, D. D., & Hundhausen, C. D. (2003). An
experimental study ofthe effects of representation-
al guidance on collaborative learning processes.
Journal ofthe Learning Sciences, 12(2),183-218.
doi:10.1207/S15327809JLS1202 2

Weinberger, A. (2003). Scripts for computer-
supported collaborative learning. Miinchen,
Germany: Unpublished Inaugural-Dissertation,
Ludwig-Maximilians-Universitét.

Weinberger, A., Ertl, B., Fischer, F., & Mandl, H.
(2005). Epistemic and social scripts in computer-
supported collaborative learning. Instructional
Science, 33(1), 1-30. doi:10.1007/s11251-004-
2322-4

Weinberger, A., Reiserer, M., Ertl, B., Fischer,
F., & Mandl, H. (2003). Faciliating collabora-
tive knowledge construction in computer-medi-
ated learning with structuring tools. Retrieved
08.09.2009, from http://epub.ub.uni-muenchen.
de /archive/00000266/

Zhang, J.(1997). The nature of external representa-
tions in problem solving. Cognitive Science, 21(2),
179-217. doi:10.1207/s15516709¢c0g2102_3

Zhang, J., & Norman, D. A. (1994). Repre-
sentations in distributed cognitive tasks. Cog-
nitive Science, 18(1), 87—-122. doi:10.1207/
s15516709cog1801 3

48

KEY TERMS AND DEFINITIONS

Application Sharing: Mechanism thatallows
collaboration partners to work with the same ap-
plication on the same document simultaneously.

Content Scheme: A content-specific repre-
sentation of the structure of a particular topic.

Collaboration: Tight working together with
a strong commitment of collaboration partners.

Collaborative Learning: Method of learning
by which a group of learners collaborate to achieve
improved learning results.

External Representation: A material display
ofknowledge and information which may include
facts but also procedures and structures.

Instructional Design: The didactical rationale
foralearning scenario which includes instructional
elements as well as the application of tools.

Learning Case: Description of a real-world
scenario, which helps learners to apply their
knowledge.

Mental Artefact: Immaterial product, which
collaboration partners construct during the process
of collaboration.

Shared Problem Space: The shared knowl-
edge of collaboration partners which is necessary
to solve a problem collaboratively.

Videoconferencing: Users use webcams and
headsets to have a face to face conversation via in-
ternet. Videoconferencing is often combined with
the use of a shared application to enable users to
work collaboratively with the same software tool.





