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Preface 

Research on Computer-Supported Collaborative Learning (CSCL) is a 
multidisciplinary field that can be located at the intersection of cognitive 
psychology, computer science, and education. Yet, the different epistemo-
logical and theoretical backgrounds of these disciplines often make fruitful 
exchange between them difficult. To put it in other words, CSCL urgently 
needs to develop and use boundary concepts that can bring psychology, 
computer science, and education closer together to improve cumulative re
search and development of computer-supported learning environments. This 
book focuses on one term we believe has the potential to become a real 
boundary concept in CSCL - "scripting". However, the term script has dif
ferent connotations and traditions in the different disciplines: For cognitive 
psychology, scripts are individual memory structures that guide us in under
standing and acting in particular situations. In computer science, scripts are 
used by designers to create and adapt system behaviour and to guide learners 
through complex work or learning processes. In education, scripts are in
structional scaffolds that structure the learning processes within groups of 
learners. From these different connotations, it becomes clear that efforts 
have to be taken among researchers in the three disciplines to more precisely 
describe their specific notions of what scripts are (and what they are not) and 
to more systematically relate theory and research on scripts between the 
three disciplines. 

It is our belief that this book represents the state of the art of research on 
scripting computer-supported collaborative learning and that it provides a 
starting point for the development of a common understanding of scripting in 
CSCL. As such, we intend it to be a valuable resource for research, devel
opment and teaching. 
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Chapter 1 - Introduction 

PERSPECTIVES ON COLLABORATION 
SCRIPTS 

Frank Fischer , Ingo Kollar , Jorg M. Haake , and Heinz Mandl 
^Knowledge Media Research Center, Tubingen; ^FernUniversitdt, Hagen; 
^Ludwig-Maximilians-Universitdt, Munich 

Collaborative learning is widely regarded as an effective instructional 
approach. It has been shown that by having learners collaborate with peers, 
they may come to externalize their knowledge, monitor each others' learn
ing, and jointly negotiate meaning. These activities may trigger significant 
individual cognitive processes that ultimately lead to individual knowledge 
construction (see Webb & Palincsar, 1996). On a theoretical level, the bene
fits of collaborative learning are often described in Piagetian and Vy-
gotskyan terms: in collaborative learning, it is argued, that "socio-cognitive 
conflicts" (Doise & Mugny, 1984) may arise. When learners then try to re
solve these conflicts, individual learning is stimulated. In addition, research
ers claim that collaborators can provide one another with a "zone of proxi
mal development (Vygotsky, 1978). This is achieved by mutually scaf
folding their activity such that they can perform slightly above their current 
level of competence. 

However, a rich body of research has demonstrated that learners often do 
not collaborate well if left to their own devices. For example, they often do 
not sufficiently reference each others' contributions (e.g., Hewitt, 2005), do 
not build well-grounded arguments (e.g., Sandoval & Millwood, 2005), have 
problems in effectively coordinating their joint efforts (e.g., Grasel, Fischer, 
Bruhn, & Mandl, 2001), and engage in quick and superficial consensus-
building (e.g., Weinberger, 2003). Some of these problems may even be 
further augmented when collaboration is mediated by computers. This is be
cause learners may be overstrained by dealing with the computer interface, 
may have less communication channels available than in natural face-to-face 
settings, or could adopt a social loafing behavior more easily (see Bromme, 
Hesse, & Spada, 2005). In other words, to be successful, collaborative 
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learning - be it a face-to-face experience or mediated by a computer - needs 
to be supported by adequate scaffolds. 

In this book, all contributions center around one scaffolding approach 
that has repeatedly been demonstrated as successful in improving both col
laborative learning processes and the individual learning outcomes mediated 
by these processes: the collaboration script approach. At a fundamental 
level, collaboration scripts are an instructional means that aim to make col
laboration processes more productive (see Dillenbourg & Jermann, this vol
ume). However, different researchers have different notions concerning what 
specific aspects of collaboration should be subject to scripting. In general, 
two major focuses of collaboration script research and design can be distin
guished. Firstly, collaboration scripts may focus on what may be termed the 
"macro level" of collaboration (see Ayala, this volume; Haake & Pfister, this 
volume; Dillenbourg & Jermann, this volume). This involves the organiza
tional issues of collaborative learning concerned with questions such as 
"Who collaborates with whom?", "What is the group's task?", or "What 
roles are distributed among the learners?". Secondly, other researchers are 
more concerned with the micro level of collaboration, designing scripts that 
provide support for specific activities. In this approach important questions 
are, for example, "What specific collaboration processes are the learners 
supposed to engage in?" or "How should learners specifically conduct these 
activities?". 

Especially when looking at collaboration script approaches that provide 
support at the micro level of collaboration, one critical issue is the question 
of how coercive the script should be. Indeed, critics of overly coercive col
laboration scripts often express their concern that learners are given too little 
freedom for productive collaboration to take place ("over-scripting"; Dillen
bourg, 2002). On the other hand, it often seems necessary to provide learners 
with scripts that impose some structure to enable them to engage in produc
tive interaction. However, striking a balance between taking the "freedom 
from" and providing the "freedom to" learners is a delicate issue. This topic 
is important for the design of collaboration scripts for both face-to-face and 
computer-mediated script approaches. 

Although collaboration scripts were introduced long before the develop
ment of computer technologies as ubiquitous educational tools (see King, 
this volume), they have become a major topic in the research community on 
computer-supported collaborative learning (CSCL; e.g., Dillenbourg, 2002; 
Kollar, Fischer, & Slotta, 2005). One main reason for this seems to be that 
the script concept has a unique potential as a "boundary concepf among the 
different disciplines that intersect in CSCL: cognitive psychology, computer 
science, and education. Because the script concept plays a specific role in all 
three disciplines, it can serve as an anchor in multidisciplinary and interdis
ciplinary discourse. Furthermore, the script context may contribute to the 
development of a scientific community with a clear focus on knowledge ac-
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cumulation. As the collection of chapters in this book illustrates, all three 
disciplines can make significant contributions towards the design, theoretical 
rationales, and practical implementations of collaboration scripts. However, 
the different connotations of the term script in cognitive psychology (e.g., 
Schank & Abelson, 1977), computer science (Hoppe, Gassner, Muhlen-
brock, & Tewissen, 2000), and education (e.g., O'Donnell & Dansereau, 
1992) also provide a challenge for discourse between disciplines. Cognitive 
psychology uses the term script primarily to describe individual memory 
structures that guide learners in their understanding and behavior in particu
lar event sequences such as a restaurant visit (e.g., Schank & Abelson, 
1977). Computer science tries to develop formal language and devices that 
support designers and practitioners (i.e., teachers) in easily setting up col
laboration scripts for computer-mediated learning. Education is interested in 
the design of collaboration scripts that can be implemented in formal or in
formal learning settings and effectively guide and improve collaboration 
processes and subsequent individual learning. Thus, interdisciplinary dis
course often faces challenges because the different meanings of the script 
concept need to be negotiated. This negotiation is necessary so that a joint 
understanding of what scripts are and what they are not can ultimately 
emerge. Therefore, this book also provides interdisciplinary approaches to 
scripting that can lay the groundwork for future interdisciplinary discourse 
about scripting. 

In summary, this book aims to bring these different disciplinary ap
proaches on scripting closer together. We have collected advanced script 
approaches from (1) cognitive psychology, (2) computer science, and (3) 
education. Moreover, to demonstrate the opportunities for using synergy to 
apply the script concept between perspectives, we have included recent (4) 
interdisciplinary CSCL approaches to scripting. In the following paragraphs, 
we briefly introduce each of the perspectives and then provide a brief sum
mary of the approaches that are included in the respective sections of this 
book. 

(1) From a cognitive psychology perspective, scripts are culturally shared 
as well as personal knowledge and memory structures that help people act 
and understand actions and action sequences in specific every-day situations 
(Schank & Abelson, 1977). An example is the "restaurant script", which 
specifies how an individual should act when going for dinner in a restaurant 
(entering the restaurant, waiting for the waiter, following the waiter to a ta
ble, waiting for the menu, choosing a meal, placing an order, etc.). When 
applied to collaborative learning, the question is, how collaboration scripts 
can support the acquisition or the activation of appropriate cognitive scripts 
on how to collaborate. When applied to novel knowledge communication 
situations in the Web, questions arise such as: What scripts do collaborators 
apply in novel communication and collaboration contexts? What scripts are 
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effective in overcoming barriers and biases in novel communication situa
tions? How do new scripts for these novel situations evolve over time? 

In the first chapter, King emphasizes that collaboration is not effective as 
such for learning but is mediated by specific cognitive and metacognitive 
activities of the individual. These activities, however, can be triggered by 
specific collaborative activities (e.g., explaining, argumentation). Since re
search has shown that these activities rarely occur spontaneously. King 
identifies scripts that have proven to be effective in structuring interaction to 
improve the individual's learning in a group. In analyzing four script exam
ples for collaborative learning, King describes how these beneficial collabo
rative activities can be guided, clustered to roles, and sequenced to optimally 
activate and guide cognitive and metacognitive processes. 

The chapter by Rummel and Spada addresses the question of whether 
collaboration scripts can be internalized. Do learners really learn to collabo
rate when supported by a script? In an interdisciplinary problem-solving 
scenario in a videoconferencing environment, learners first collaborated us
ing an external script and afterwards were also able to demonstrate important 
aspects of the collaborative behavior without the script. In their contribution, 
Rummel and Spada point to important conditions that must be met in order 
for script internalization to take place (e.g., guiding reflection, fading out, 
motivation). 

The chapter by Runde, Bromme, andJucks also emphasizes scripting as 
a way to support communicating individuals with largely differing knowl
edge structures, namely medical experts and patients in an online counseling 
scenario. In contrast to many of the other chapters in the book that use ex
plicit collaboration scripts, Runde et al. focus on the effects of implicit 
scripting that was realized by external representations shared by the doctor 
and the patient. In their study, they found evidence for representational guid
ance by implicit scripting. This evidence was indicated by positive effects of 
the external representation on the content of the expert-layperson communi
cation. 

Nuckles, Ertelt, Wittwer, and Renkl draw our attention to a highly 
promising function of collaboration scripts: Supporting the communication 
between individuals with large differences in prior knowledge. Nuckles et al. 
investigated the effects of a collaboration script that supported the online 
communication between laypersons and experts in a computer helpdesk sce
nario. Findings of their experimental study show that providing the layper
sons with successive prompts to better formulate their query substantially 
improved the effectiveness of communication by yielding the best expert 
reconstruction of the problem. 

In his discussion, Hesse points to possible drawbacks of the collabora
tion script approach. One disadvantage may be that the designer of a collabo
ration script forces learners who may already possess effective collaboration 
strategies to adopt a strategy that interferes with their personal, possibly 
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highly functional collaboration approach. As an alternative to the scripting 
approach, Hesse therefore introduces what he calls the "awareness ap
proach". The aim of this is to provide collaborators with information about 
the group members, the history of the group, or the group's situation instead 
of instructions (of varying detail) concerning how to structure their collabo
ration. 

(2) From a computer science perspective, the prescription of activities 
and their sequences is an important issue. In the research areas of computer-
supported collaborative work, collaborative learning and Artificial Intelli
gence (AI), scripts have been used to support developers in defining, config
uring and adapting system behavior (such as in HyperCard, 1987). Scripts 
have also been used to guide users through complex work or learning proc
esses (cf Haake & Schiimmer, 2003; Hoppe, et al., 2000; Hron, Hesse, 
Cress, & Giovis, 2000; Wessner & Pfister, in press). While approaches such 
as Workflow Management Systems (http://www.wfmc.org; http://www.e-
workflow.org) focus on organizational processes (macro level), process 
modeling and execution languages (Dowson & Femstrom, 1994) focus on 
supporting detailed work processes (micro level). Important issues involve 
the representation and computational semantics of scripts. For example, 
these include how scripts can be efficiently constructed and executed, and 
how their presentation and interaction mechanisms at the user interface 
should be designed to facilitate process execution and learning. Connecting 
macro and micro level approaches is still an open issue. 

Ayala addresses the question of how software agents can contribute to 
scripting collaboration. He identifies a potential for agent-based procedural 
collaboration support both on the macro-level of collaborative learning (e.g., 
supporting the formation of appropriate groups) as well as on the micro-level 
(e.g., by supporting coordination). Illustrating his approach with two exam
ples of agent-based environments, Ayala suggests different approaches for 
agent-supported collaboration scripts used with domains, which are peda-
gogically structured than for those, which are not. For both cases, Ayala ex
amines the types of support possible on the macro and micro levels. 

Miao, Harrer, Hoeksema, and Hoppe analyze the extent to which IMS 
LD appropriately addresses crucial aspects of scripting collaborative learn
ing. They identify five major shortcomings of current approaches, e.g., the 
problem of modeling groups and the complexity of modeling dynamically 
changing artifacts that are produced and modified by collaborators in the 
learning groups during runtime. Miao et al. propose a CSCL scripting lan
guage aimed at overcoming these issues, e.g., by explicitly introducing the 
group and the artifact as entities and by extending the space of actions and 
expressions. By analyzing a typical CSCL script, they exemplify their ap
proach together with the modeling environment they developed. 

The chapter by Lauer and Trahasch is devoted to facilitating learning 
from multimedia lecture recordings through annotations and scripted discus-
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sions. They introduce the concept of scripted anchored discussions that com
bine the approaches of scripted and annotation-based discussion. They de
fine scripted anchored discussion as an activity in which several learners 
exchange structured comments. These comments are connected to certain 
spatial and temporal positions in digital documents. Lauer and Trahasch pro
pose a formal model using a finite state machine formalism and provide ex
amples to illustrate their approach. Using this model, they propose different 
strategies for increasing the script's adaptivity by fading components out. 

Haake andPfister suggest that the main function of CSCL scripts is pro
viding support for coordinating learners by constraining their potential ac
tivities. They identify the inflexibility of collaboration scripts as a short
coming of current approaches. These scripts are mostly built-in components 
of the CSCL environments and cannot be adapted quickly to specific con
texts of use. They propose a formal model of CSCL scripts as extended finite 
state automatons as an important step in the direction of more flexible 
scripts, which can easily be changed by designers and teachers. For learners 
in specific roles and states, the script defines what they are allowed to do and 
what user interface they see. Moreover, the chapter presents a tool based on 
this model that supports the editing of scripts on varying levels of granular
ity. 

In his comments, Suthers distinguishes two roles of computational scripts. 
Scripts can be a means of decreasing the cognitive load of learners and may 
help create effective learning situations. Scripts can also be a means of 
making the design of learning situations more explicit and accessible for dis
cussions among educators and learners. Suthers discusses the ambivalences 
of computational scripts: they may provide guidance but may also remove 
"out of context" interaction. Scripts may support successfiil collaboration 
episodes, but may also serve as a potential resource for learners. 

(3) From an educational perspective, scripts are primarily interesting for 
their potential to improve collaboration processes and individual learning 
outcomes in formal and informal educational settings like schools, university 
courses, or museums. Educational approaches are typically based on the 
constructivist assumption of active learners in a zone of proximal develop
ment (Vygotsky, 1978). In this zone of proximal development, learners col
laboratively use technological tools and/or participate in a knowledge com
munity. A collaboration script then provides such a zone of proximal devel
opment. The script should increasingly be replaced by the individual's self-
regulation. Important research questions are: What kinds of activities and 
roles and which kind of sequencing are beneficial for collaborative learning 
and should therefore be used in the design of collaboration scripts? How do 
collaboration scripts compare to other forms of facilitating collaborative 
learning? How can collaboration scripts be effectively integrated into differ
ent computer-supported collaboration scenarios? 
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Weinberger, Stegmann, Fischer, and Mandl introduce collaboration 
scripts as an instructional approach for facilitating argumentation in a prob
lem-oriented and distributed learning environment. They analyze the written 
discourse of distributed groups of students who were supported by different 
script components. The script components address different dimensions of 
argumentative knowledge construction (e.g., the epistemic and the social 
dimension). Their findings show that the script components improved argu
mentation with respect to the dimension they focused on. Moreover, they 
identify script components, which - in addition to improving collaboration -
facilitate individual transfer from collaboration. 

Ertl, Kopp, and Mandl explore the effects of collaboration scripts in 
videoconference-based tutoring environments. Their scripts specifically aim 
to support the interaction of learners separated by distance. They report on 
two experimental studies that consider the effects of such scripts on collabo
ration and learning outcomes. Their results show that scripts can have rather 
different effects on collaboration processes and individual outcomes. Their 
findings further point to the importance of analyzing the effects of scripts in 
the broader instructional context. Their collaboration scripts that aim to im
prove interaction proved to be effective for individual learning outcomes 
only when additional conceptual support was provided in the form of a con
tent scheme. 

Kolodner's chapter introduces the Learning by Design approach as a 
way to help learners acquire and refine (cognitive) scripts for successfiil par
ticipation in science-related discourse practices. Kolodner couples the script 
concept as presented by Schank and Abelson (1977) and Schank (1999) with 
stances taken in Lave and Wenger's (1991) conception of communities of 
practice. The Learning by Design approach focuses on the activity structures 
(or instructional scripts) that require learners to present the results of their 
work to the class (poster session, pin-up session, gallery walk). Kolodner 
explores how these can help to form stable cognitive scripts for participation 
in scientific practices. 

In their discussion of educational approaches to scripting, Hdkkinen and 
Mdkitalo-Siegl suggest considering scripts as contextual and situated re
sources in collaborative learning environments. An educational challenge 
connected to such a perspective is the integration of CSCL into the class
room. More specifically, they identify a current deficit with respect to the
ory-based instructional strategies for teachers to better integrate CSCL 
scripts into the overall classroom activity. They identify a further challenge 
for future research as exploring how external scripts can be gradually re
placed by individual self-regulation. Methodologically, the authors conclude 
that these challenges can be addressed more appropriately when longer-term 
follow-up studies are included in research programs. 

(4) Interdisciplinary perspectives. Although scripts can be regarded as a 
boundary concept for CSCL, cognitive psychology, computer science and 
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educational approaches have just started to collaborate in designing better 
representations and user interfaces for collaboration scripts. This has been 
achieved by exploring how the cognitive scripts of collaborators interact 
with the externally represented scripts provided by different instructional and 
computational approaches. In this context, two chapters aim to describe per
spectives for promising interdisciplinary research on collaboration scripts. 

Dillenbourg and Jermann introduce their SWISH model for the design 
of integrative scripts. They basically suggest splitting the task so that col
laborators have to interact in a way that makes learning processes more 
likely to happen. From this cognitive design rationale, they then head in two 
directions. First, they describe collaboration scripts as part of a larger didac
tic activity in the classroom. They provide a systematization of script fami
lies that can be specified for different contexts and learning goals, thus con
necting their approach to educational theory building. Second, they take a 
step towards computational approaches in generalizing their scripts and in 
presenting a generic modeling scheme. 

Building on Perkins' (1993) Person-Plus-Surround approach, Carmien, 
Kollar, G. Fischer, and F. Fischer propose a conceptual framework. In their 
framework, three main components are proposed to describe the complex 
interplay between internal (cognitive) and external scripts in accomplishing 
collaboration tasks. These components are the activity, the underlying 
knowledge, and the executive function. Two script approaches from com
puter science and from educational psychology are analyzed and compared 
with the conceptual framework. One represents a script for living (support
ing people with cognitive disabilities) and the other represents a script for 
learning (facilitating argumentation in biology classes in high school). 

Stahl 's comment highlights an aspect not prominently addressed in both 
of the approaches of this interdisciplinary section, but one which is of great 
importance for research on CSCL: the aspect of scripting group cognition. 
To align theory building on collaboration scripts with current socio-cultural 
thought, he argues for re-conceptualizing scripts as situated resources rather 
than prescriptions for acting in collaborative situations. 

This volume should be seen as a reference on collaborative learning that 
brings together scripting approaches from cognitive psychology, computer 
science, and education. We believe that research on collaboration scripts has 
an extraordinary potential for advancing the multidisciplinary endeavor of 
CSCL research. It is our hope that this book can provide a rich basis for fur
ther exploring and realizing this potential. 
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SCRIPTING COLLABORATIVE LEARNING 
PROCESSES: A COGNITIVE PERSPECTIVE 

Alison King 
California State University San Marcos 

Abstract: Scripting collaborative learning is an effective approach to promoting learning 
in both face-to-face and on-line computer learning contexts. Although the term 
script originated in cognitive psychology, it is used in educational contexts to 
describe ways of structuring interaction and scaffolding collaborative learning 
through the use of roles, activities, and sequencing of activities. There are sev
eral specific types of learning activities that numerous lines of research have 
shown enhance learning during interaction, however, these activities rarely oc
cur spontaneously during naturally-occurring group collaboration. Also, it is 
not always clear what individuals learn during collaboration, how they learn it, 
and the underlying cognitive mechanisms that account for learning collabora
tively. Four illustrative approaches to scripting face-to-face collaboration are 
presented. Each approach is examined to reveal how roles, activities, and se
quence of activities, are used to structure collaborative learning and what par
ticular cognitive, metacognitive, and socio-cognitive processes their scripts are 
intended to induce in learners. The expectation for some scripts is that over 
time learners will internalize the roles, activities, and sequence; and, once 
learners can play all of the roles of a script on their own, they will self-regulate 
their learning without the aid of an external script. However, the wide range of 
differences in both the complexity and goals of scripts affects their potential 
for internalization, and some external scripts are not intended to be discontin
ued even if roles are internalized. 

A large body of research has shown that collaborative approaches to 
learning can be effective in producing achievement gains, promoting critical 
thinking, and enhancing problem solving in both face-to-face learning con
texts (e.g., Cobb, 1988; King, 1989; Webb, 1989; Webb & Palincsar, 1996) 
and more recently in computer-supported learning environments (e.g., 
Weinberger, Fischer, & Mandl, 2002). 

From a cognitive perspective, learning is defined as cognitive change or 
conceptual change; that is, some form of reorganization and reconstruction 
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of the learner's own knowledge. This change occurs as connections are made 
between the new material and prior knowledge and are integrated into the 
learner's existing knowledge base. From a ^oc/o-cognitive perspective (e.g., 
Mugny & Doise, 1978, Vygotsky, 1978), these cognitive changes are 
strongly influenced by interaction and activity with others. 

Any interaction with another provides opportunities for learning to occur; 
however, some forms of interaction and activity have been found to be more 
effective in facilitating learning than others. For example, giving explana
tions is more effective than receiving them (Webb, 1989). And helping be
havior that supports others' problem solving by offering cues and hints that 
guide them to achieve a solution on their own is more effective in promoting 
learning than helping by simply providing the right solution. Moreover, it 
appears that different levels of verbal interaction promote different kinds of 
learning (e.g., Chan, Burtis, Scardamalia, & Bereiter, 1992; King, 1994; 
Webb & Palincsar, 1996) and are therefore conducive to different kinds of 
learning tasks. For example, factual questioning and responding tend to be 
effective for knowledge retelling tasks because fact questions tend to elicit 
facts. However, fact questions are less effective for complex learning tasks 
which involve analyzing and integrating ideas, constructing new knowledge, 
and solving ill-structured problems, as they seldom elicit the required 
thoughtful responses (Cohen, 1994; King, 1994). 

Unfortunately it is rare for collaborating learners to spontaneously use ef
fective interaction procedures and match them to the task at hand without 
some form of explicit prompting or other guidance (Bell, 2004; Britton, Van 
Dusen, Glynn, & Hemphill, 1990; Cohen, 1994; King, 1994; King & Rosen-
shine, 1993; Kuhn, 1991). Indeed, even when given instructions to work 
collaboratively on a task, learners generally tend to interact with each other 
at a very basic level (Vedder, 1985; Webb, Ender, & Lewis, 1986) and do 
not even consistently activate and use their relevant prior knowledge (see 
Pressley, McDaniel, Tumure, Wood, & Ahmad, 1987). For this reason, nu
merous attempts have been made to promote learning by structuring and 
regulating the interaction within collaborating groups so that learners are 
required to interact in ways that induce cognitive processes appropriate to 
their learning task. Such structures compel learners to assume designated 
roles, follow a prescribed sequence of activities, and sometimes even engage 
in a particular pattern of dialogue (e.g., Dansereau, 1988; King, 1997; 
Palincsar & Brown, 1984; Pressley, Symons, McDaniel, Snyder, & Tumure, 
1988; Webb & Farivar, 1994). 

These methods of structuring interaction have generally been referred to 
variously as "scaffolding learning", "prompting thinking", "using problem 
solving supports", "guiding cognitive performance", and "strategy instruc
tion". However, recently the term scripting collaboration has appeared in the 



2. Scripting collaborative learning processes: a cognitive perspective 15 

literature to describe these and other ways of structuring and regulating in
teraction during collaborative learning. Even more recently, scripting col
laboration has been used to describe computer-supported collaborative 
learning (CSCL) environments (e.g., Weinberger, et al., 2002) where col
laboration is partly or totally mediated by computer (see also, Lauer & Tra-
hasch, this volume; and Ertl, Kopp, & Mandl, this volume). Thus, scripted 
collaboration is a term currently used to refer to externally structured col
laborative learning in both on-line and face-to-face learning contexts. 

This chapter presents a cognitive perspective on scripting collaborative 
learning. The following section presents different meanings of the term 
script as it is used in cognitive psychology and in collaborative learning 
contexts. The section after that deals with specific cognitively-oriented ac
tivities that several lines of research have shown enhance learning during 
interaction. Next, four illustrative scripted collaboration approaches that use 
some or all of these activities are examined to reveal the cognitive, metacog-
nitive, and socio-cognitive processes their scripts are designed to induce in 
learners; the use each script makes of roles, activities, and sequence of ac
tivities in structuring collaborative learning is also analyzed. The issue of 
what individuals learn during collaboration and how they learn it is a thread 
that runs throughout the chapter. A final discussion of the potential for learn
ers to self-regulate their collaborative learning revolves around differences in 
approaches to scripting collaboration and the related question of when (or 
even if) use of a script can be discontinued once roles and scripts are inter
nalized. 

1. SCRIPTS AND SCRIPTING 

LI Scripts in cognitive psychology 

According to Schank and Abelson's (1977) seminal work on the topic, a 
script is an internal memory structure of a "sequence of actions that define a 
well-known situation" (p. 41) where there is a socially shared understanding 
of the roles and procedures to be followed (for example, in the frequently 
cited "going to a restaurant" script: getting seated, looking at the menu, or
dering food, eating, and then paying). Thus, a script is a guide to the roles 
and steps people follow for what to do and how to do it in a specific social 
situation. An individual develops a particular script from repeated participa
tion in several specific instances of a social situation and by abstracting 
common features from those instances (Schank & Abelson, 1977). Simply 
put, a script involves a sequence of actions where each actor has a specific 
part to play and pre-specified actions to take, somewhat like the script of a 



16 Chapter 2 

play where action and stage directions are prescribed by the playwright. 
Once stored in memory, a script can be activated when cued by a similar 
situation and can guide the individual in how to act in that situation. 

There are several ways in which scripts facilitate information processing. 
Because a script involves expectations about the order as well as the occur
rence of events, having a script for a situation can help an individual to un
derstand that particular situation, remember procedures to be followed, and 
predict roles and actions of those involved (Schank & Abelson, 1977). Fur
thermore, scripts play a useful role in reducing cognitive load for individuals 
so they can focus their attention on what is important in an interaction and its 
context (Dansereau, 1988); with procedure scripted, attention can be focused 
on content of an interaction. 

1.2 Scripts and scripting in educational contexts 

Although in cognitive psychology the term "script" refers to the Schank 
and Abelson definition, the term scripting has also begun to be used in edu
cational settings (particularly in computer-supported learning), where the 
meaning it has taken on is somewhat different. In contrast to the Schank and 
Abelson (1977) view of script as a fairly static internal memory structure 
with a narrowly constrained set of actions and roles, researchers in educa
tional psychology talk about scripting the interaction of learning groups 
(Dansereau, 1988). In this context, scripting is used more broadly to describe 
how collaborative learning can be externally structured or scaffolded for the 
purpose of prompting group interaction that promotes learning. Scripting of 
the interaction during collaboration is designed so that the roles of partici
pants, actions engaged in, and the sequence of events, prompt specific cog
nitive, socio-cognitive, and metacognitive processes, thus ensuring that the 
intended learning takes place. 

Whereas in the Schank and Abelson cognitive psychology view, a script 
is an internal memory structure with a narrow application, in the educational 
view scripts are externally imposed, are more flexible, and have broader ap
plication. They also differ in terms of their location, their point of origin, and 
their purpose. 

The purpose of a script in cognitive psychology is to guide the individual 
in the social roles and actions expected in a specific social situation; whereas 
in educational settings a script's purpose is to prompt collaborating learners 
to focus on, remain engaged in, and regulate specific roles and actions which 
are expected to promote learning. While both kinds of scripts emphasize 
roles and actions to be taken, those roles and actions originate from different 
sources and are created by different agents. In cognitive psychology a script 
is seen as a memory structure, residing internally to the individual but ere-
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ated by that individual by means of abstracting the essence of a social situa
tion from repeated external experiences. In contrast, in educational settings a 
script is designed externally by others and explicitly imposed on learners (by 
a teacher or other learning facilitator) as a guiding structure to prompt them 
in how to act. Initially the script is external to the individual but the expecta
tion is that, over time, it will become internalized through practice (e.g., in 
the Vygotskian, 1978, sense) and the timely fading of external prompts. 

Thus, the term internal collaboration script often refers to an internalized 
version of an external script; of course, at the same time, it may also refer to 
prior socially/culturally-derived rules for cooperating as in the Schank and 
Abelson "script" (see also Carmien, et al., this volume). For example, every 
learner by the age of three has already developed an internal Schank and 
Abelson kind of cooperation script (perhaps only a rudimentary one that 
specifies roles such as turn-taking and rules such as sharing). 

2. COGNITIVE, METACOGNITIVE, AND SOCIO-
COGNITIVE ASPECTS OF LEARNING 
THROUGH INTERACTION 

Cognitive processes of thinking and learning take place within the indi
vidual, as do metcognitive processes (monitoring, regulating and evaluating 
one's own thinking and learning). In contrast, according to theories of the 
social construction of knowledge (e.g., Bearison, 1982; Damon, 1983; 
Mugny & Doise, 1978; Perret-Clermont, 1980; Vygotsky, 1978), socio-
cognitive processes are induced by joint activity where learners scaffold 
their collaborative thinking and learning in a shared construction of knowl
edge. As such, partners' actions are interdependent, each triggering the 
other's cognitive and metacognitive processes; in such mutual cognition 
learners contribute jointly to development of the learning outcomes. By ne
cessity then, socio-cognitive processes always arise in some kind of social 
context, real or virtual. In this view, cognitive and metacognitive processes 
are individual cognitions (occurring internally "in the head" of the individ
ual) while socio-cognitive processes are social (occurring outside the indi
viduals - in the interaction per se). Cognitive, metacognitive, and socio-
cognitive processes involve thinking; whereas cognitively-oriented activities 
are experiences, behaviors, and interactions, that often (but not always) in
duce cognitive, metacognitive, and socio-cognitive processes in the learners 
engaged in those activities. 

Socio-cognitive, cognitive, and metacognitive processes come together 
during collaborative learning. Ideally, during interaction and activity indi
vidual learners are continually using each other's ideas, reasoning, explana-
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tions, and argumentation to modify their own thinking and restructure their 
own knowledge (individual cognitive processes). At the same time they are 
jointly constructing knowledge and negotiating meaning with each other 
(socio-cognitive processes). The products of that socio-cognitive process 
(the jointly-constructed knowledge and meanings) are (to a greater or lesser 
extent) internalized by both learners individually; and the procedures, skills, 
and strategies used are also internalized by both (Rogoff, 1990). For exam
ple, when summarizing occurs during collaboration it usually is in response 
to another's question or in the context of engaging in a pre-specified role 
(e.g., the summarizer role) of a collaboration script; in such a case, where the 
summary is created jointly by learners mutually building on each other's 
contributions in a coordinated interdependent effort, summarization is a 
socio-cognitive process. The learning product is the jointly-constructed 
summary; and when it is internalized, that summary, being far more coherent 
and complete than it would be if developed by each learner alone, can result 
in a richer knowledge base for both learners. Ideally, each learner's summa
rizing skills (identifying main idea, selecting and sequencing details, etc.) are 
enhanced because of the other's contributions; and these summarizing skills 
are also internalized to be applied in similar learning situations in the future. 
Thus both the new knowledge constructed during a collaboration and the 
cognitive skills which individuals learn, refme, and use during that collabo
ration are what is retained by the individual learner after the collaboration. 

Metacognitive processes can play a major role in collaborative learning 
as learners mutually regulate their joint learning. Activities of monitoring 
and regulating learning during collaboration can induce corresponding meta
cognitive processes in individual learners. Again, cognitive and metacogni
tive processes are always individual, while socio-cognitive processes are 
induced in interaction with others. 

Generally the term collaborative learning means that learners are engaged 
in activities that are intended to induce socio-cognitive processes. This 
meaning implies an important distinction between collaborative and coop
erative learning. Cooperative learning often involves separate activities by 
individuals through the distribution of labor or task components, with little 
of the joint activity that induces socio-cognitive processes so characteristic 
of true collaborative learning. 

2.1 Effective learning activities 

Effective learning activities are ones that induce relevant cognitive, 
metacognitive and socio-cognitive processes in participants. Although repe
tition, rehearsal and retelling are effective activities for memorizing factual 
material, and summarizing and paraphrasing are effective for promoting un-
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derstanding and demonstrating comprehension, research has revealed that 
when complex learning occurs during interaction it can be attributed primar
ily to activities that go beyond memorization and comprehension. Effective 
learning interactions induce complex cognitive processes such as analytical 
thinking, integration of ideas and reasoning. Activities that have been found 
to promote such higher-level cognitive processes include: elaborating on 
content (e.g., Webb, 1989); explaining ideas and concepts (e.g., Chi, 
deLeeuw, Chiu, & LaVancher, 1994); asking thought-provoking questions 
(e.g.. King, 1994); argumentation (e.g., Kuhn, 1991); resolving conceptual 
discrepancies (e.g., Piaget, 1985) and modeling of cognition. Although these 
activities are learned and refined during interaction with others (Leont'ev, 
1932; Luria, 1928; Vygotsky, 1978), they can be accomplished by an indi
vidual learner alone (see, for example, Chi's & VanLehn's, 1991, "self-
explanation" and King's, 1989, "self-questioning") as well as in a social 
context such as a collaborative learning group. 

Recently researchers have designed various collaborative learning ap
proaches that structure or "script" group interaction so as to elicit and regu
late these specific learning activities in the expectation that they will, in turn, 
induce high-level cognitive, metacognitive, and socio-cognitive processes in 
learners. The phenomenon of making thinking explicit through "thinking 
aloud" during interaction sets the stage for such higher-level learning to oc
cur. 

Thinking Aloud, Talking or writing about the task at hand is known as 
thinking aloud. The advantage of thinking aloud during collaboration is that 
it makes thinking explicit and available to the individual doing the thinking 
and also exposes that same thinking to the rest of the group. Such verbaliza
tion during collaboration promotes learning in and of itself because it forces 
those who are "thinking aloud" to clarify their own ideas, elaborate on them, 
evaluate their existing knowledge for accuracy and gaps, or in some other 
manner re-conceptualize the material (Bargh & Schul, 1980; Brown & Cam-
pione, 1986). As importantly, making thinking explicit allows others access 
to that thinking too; they may then respond by challenging, disagreeing, 
asking for proof, offering examples and other elaboration, justifying and so 
on. Making thinking explicit by thinking aloud in a group is a general phe
nomenon that can give rise to the powerful learning activities of explanation, 
questioning, elaboration, argumentation, resolution of conceptual discrepan
cies, and modeling of cognition. 

Explaining. An effective explanation goes far beyond description; it tells 
the "why" and "how" about whatever is being explained (King, 1997), rather 
than just describing it (telling the "what" of it). Explaining must be in the 
learner's own words rather than simply repetition of already-memorized 
material (King, 1997) because accurate paraphrasing is an indication that the 
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explainer understands. In addition to demonstrating true understanding, a 
useful explanation requires analytical thinking, as the explainer must make 
connections between the phenomenon being explained and prior knowledge. 

Explaining something to someone else often requires the explainer to 
think about and present the material in new ways such as: relating it to the 
other's knowledge or experience, translating it into terms familiar to the 
other, or generating new examples. Thus, explaining expands understanding 
for the individual doing the explaining because it forces the explainer to 
clarify concepts and generally reorganize knowledge structures (Chi & 
VanLehn, 1991; Chi, et al., 1994; Vygotsky, 1978; Webb, 1989; Webb & 
Farivar, 1994). Receiving explanations often enhances learning also (Webb, 
1989). 

Two separate lines of research by Chi and Webb and their colleagues 
have shown the power of self-explanation in promoting learning for indi
viduals (see the "self-explanation" effect, Chi & VanLehn, 1991). However, 
during collaborative learning, when one partner's explanation is enlarged 
upon or clarified by others and a fuller explanation is jointly constructed, 
explaining becomes a collaborative activity that induces socio-cognitive 
processes. 

Asking thought-provoking questions. Factual questions and comprehen
sion questions are important in learning contexts as their responses help de
termine whether certain information has been acquired (for factual ques
tions) and the extent of understanding achieved (for comprehension ques
tions). Both of these types of question are memory-based and require little 
cognitive effort; both ask for the recall of information from memory and the 
reproduction of that information, either verbatim retelling of it (for fact 
questions) or a reconstructed version that is paraphrased to show under
standing (for comprehension questions). However, for inducing higher-level 
cognitive processes, asking questions that are thought-provoking is much 
more effective. 

Thought-provoking questions require thinking. They ask learners to go 
beyond exact reproduction of material or reconstruction of it, to actually 
thinking with that material and about that material, making connections be
tween elements of the material and between that material and what is already 
known. Thought-provoking questions call for higher-level cognitive proc
esses such as integrating ideas into newly constructed knowledge to make 
inferences, generalizations, speculations, justifications, applications, alterna
tive perspectives, problem solutions, and the like. In a collaborative learning 
context, thought-provoking questioning and the comparably thoughtful re
sponses those questions elicit can be a valuable learning activity, and results 
of several programs of research have confirmed that asking and answering 
thought-provoking questions promotes high-level learning (e.g., Graesser, 
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1992; King, 1989, 1994; Lepper, Aspinwall, Mumme, & Chabey, 1990; 
Pressley, et al., 1992). 

Simply posing thought-provoking questions on one's own is an activity 
that triggers higher-level cognitive processes in individuals (see King's, 
1989, "self-questioning"). In generating such questions learners must iden
tify the main ideas and think about how those ideas relate to each other and 
to the learners' own prior knowledge and experience. According to theories 
of information-processing, thinking about material in these ways establishes 
complex cognitive networks connecting the new ideas together and linking 
them to what the learner already knows. Such extensive cognitive represen
tations of the material are more memorable. 

Elaborating. Elaborating on an issue, topic, or idea involves adding de
tails, giving examples, generating images, and in general relating the new 
material to what is already known. These elaborations are incorporated into 
learners' existing knowledge; and, as a consequence, their mental represen
tations are reorganized and increased in complexity, thus improving under
standing and recall (Dansereau, 1988; Webb & Farivar, 1994). A number of 
research programs have demonstrated the effectiveness of elaboration as a 
method for learning new material (e.g., O'Donnell & Dansereau, 1992; 
Pressley et al, 1987; Webb, 1989). 

Explaining, questioning, and elaboration are activities that benefit an in
dividual learner even without another's involvement. However, in a group-
learning context these activities (and the cognitive processes they induce) are 
more likely to occur because they are triggered by others during interaction. 

Argumentation. Reasoned argument involves giving adequate and con
vincing evidence or reasoning to support one's claims, statements and other 
assertions (Kuhn, Shaw, & Felton, 1997). Although one primary purpose of 
argument is to convince others of a belief or claim, argumentation can also 
be used to explore an issue and arrive at a deeper understanding of that issue 
(Wright, 1995). During collaboration when a learner makes an assertion, 
such as a conclusion arrived at, a statement of cause and effect, a hypothesis 
to account for some phenomenon, an explanation, a theory of how things are, 
that assertion elicits evidence-based thinking in others; that is, they ask for 
evidence or reasoning that supports the assertion (Kuhn, et al., 1997). Any 
collaborative activity provides a context for learners to develop and practice 
argumentation skills because it offers opportunities for them to generate, 
compare and evaluate multiple conclusions, theories, counter theories, 
counter arguments, and rebuttals along with any supporting evidence pro
vided. In effect, during this verbal interaction, learners are not just exchang
ing theories and rebuttals, they are often negotiating meaning and arriving at 
re-conceptualized and deeper understanding about the topic or issue being 
argued. These jointly constructed meanings can be internalized by individu-
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als as their own revised mental representations of the topic or issue. Engag
ing in such constructive argumentation usually promotes learning (Kuhn, et 
al., 1997). Like explanation, elaboration, and questioning, argumentation is a 
learning activity that can occur independently of others. In fact, individual 
deliberation about an issue often takes the form of an internal argument 
where the individual considers all sides of the issue - all possible challenges, 
counterarguments, justifications, and refutations. Thus, whether used by an 
individual or in interaction with others, argumentation can aid in clarifying 
thinking and promoting understanding. 

Unfortunately, without specific prompting and scaffolding, even adults 
rarely engage in reasoned argumentation; for example, most adults have 
been found to make assertions and, even when prompted, are unable to sup
port them with evidence or logical reasoning (Kuhn, 1991). Interaction dur
ing collaborative learning can be structured to guide and support learners' 
reasoned argumentation during complex learning tasks. Research (e.g., Ho-
gan, Nastasi, & Pressley, 1999) shows that such activity can promote learn
ers' skills of developing sound arguments and detecting faulty ones. 

Reconciling cognitive discrepancies. During group interaction, differ
ences between individuals' opinions and understandings about a topic are 
exposed. Individuals discover that their own understanding of an aspect of 
the content, their opinions about an issue, or even their basic background 
information about the material may not be shared by others in the group and 
may even differ to a great extent from others. When individuals are con
fronted with these conceptual discrepancies, they experience cognitive con
flict within themselves (see Piaget, 1985; De Lisi & Golbeck, 1999) and they 
might feel the need to resolve it through further interaction with others. 

Reconciling cognitive discrepancies can give rise to a number of other 
cognitive, metacognitive, and socio-cognitive processes. Individual group 
members may find they must clearly articulate their own position, explain 
their ideas, defend their views, verbalize their confusions, acknowledge gaps 
in knowledge, recognize any misconceptions, and generally present their 
thoughts in a reasoned manner. Other group members may do the same as 
the group experiences socio-cognitive conflict (Mugny & Doise, 1978). In 
attempting to understand each other's ideas and views and reconcile them 
with their own in this way, group members arrive at shared meaning (Ro-
schelle, 1992). Thus, ideally, in the process of resolving those cognitive dis
crepancies, knowledge is jointly constructed, and the product of group inter
action, the new jointly constructed knowledge, is individually internalized. 

Modeling of cognition. A general phenomenon of learning through 
interaction is social modeling of cognition and metacognition. In collabora
tive learning contexts, when skilled peers demonstrate accurate use of ques
tioning, explaining, and elaborating, they become ideal models for others to 
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observe and imitate. When individual learners observe and imitate their 
peers' use of cognitive skills, they modify and refme their own use of those 
skills. They can even learn new cognitive strategies by modeling their own 
reasoning, argumentation style, questioning and problem-solving strategies 
on those of other group members. Similarly, sharing questions and responses 
with each other can help the group develop ideal standards of expert ques
tioning and responding. 

Although peer modeling of cognition is generally not intentional, it is a 
very powerful way of learning during interaction. However, individual cog
nition can be modeled during interaction only if it is exposed; and this is 
where thinking aloud contributes to modeling by making thinking explicit 
and available to all. Of course, before any of these higher-level cognitions 
can be modeled during interaction, they first have to occur, either spontane
ously or through some form of prompting. 

2.2 The need for structuring interaction 

There may be several explanations for why learners generally do not in
teract in cognitively effective ways without some structured guidance. 
Learners may not know what it actually means to explain and argue and 
analyze ideas, they may not have been taught how to do so; or they may not 
be well practiced in the skills of explanation, argumentation, analysis and 
other aspects of high-level discourse in a collaborative setting. Perhaps for 
some learners, their internal scripts for collaborative learning (the script they 
have built up from their experiences in groups) may be limited to such coop
erative action as taking turns, dividing labor, and getting the task completed. 
For learners with such a naive conception of what constitutes group collabo
ration, their most frequently occurring verbal interaction may be no more 
than simply sharing information and checking for consensus. 

Because giving explanations, asking thoughtful questions, elaborating on 
content, argumentation, and engaging in exposing and reconciling cognitive 
discrepancies are known to be effective in collaborative learning but do not 
generally occur spontaneously, scripted collaboration approaches focus on 
structuring group interaction so as to elicit these and other kinds of effective 
activity. Many of these scripting approaches also prompt the metacognitive 
processes needed to monitor and regulate those activities. 

In the following section several examples of face-to-face scripted col
laboration approaches are presented. Each script is analyzed to reveal the 
cognitively effective activities their scripts support and the cognitive, meta
cognitive and socio-cognitive processes those activities are intended to in
duce in participating learners. 
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3. EXAMPLES OF FACE-TO-FACE SCRIPTED 
COLLABORATION 

Collaboration scripts run along a continuum from very basic to very so
phisticated; and scripts can be designed for many kinds of learning tasks and 
objectives from ordinary factual learning, to text-based comprehension, to 
higher-level learning that involves knowledge building and problem solving. 
The scripted collaboration approaches presented here represent a variety of 
approaches to scripting and show how scripting can be used for a range of 
tasks from simple knowledge retelling to complex problem solving. 

All of the scripts presented here are domain independent, and therefore 
all can be used with a variety of subject areas for learning from a range of 
materials. Because each script is designed to match a particular kind of 
learning task, some scripts focus more on inducing socio-cognitive processes 
than others; also, some scripts structure the task and its sequence, while oth
ers also explicitly scaffold group communication. 

3.1 Scripted Cooperation 

One of the earliest and simplest approaches to scripting collaboration in 
educational contexts is Pair Summarizing (Vaughan & Estes, 1986) in which 
one partner summarizes material read and the other checks for errors and 
omissions. Pair Summarizing is commonly used to promote recall and un
derstanding of definitions, procedures, and similar conceptual material (see 
also U. S. Department of Education, 1986). A somewhat more sophisticated 
version of Pair Summarizing, and the first use of the term scripting in an 
educational context is Dansereau's Scripted Cooperation (Dansereau, 1988; 
Larson, Dansereau, Goetz, & Young, 1985; Spurlin, Dansereau, Larson, & 
Brooks, 1984). In this approach to collaborative learning, partners each have 
specific roles and activities to carry out and the script is used to direct the 
performance and sequence of those roles and activities. The script consists of 
the roles of recaller and listener (cf the listener and explainer roles in John
son & Johnson's, 1993, Academic Controversy) and a specific sequence of 
activity (summarizing, feedback, and joint elaboration, usually followed by 
exchanging roles for the next portion of content). First, both partners read 
material (or listen to a lecture) and take notes; then the one designated as 
recaller summarizes the main ideas of the material orally while the partner 
listens and checks for errors and omissions (using the notes if needed). When 
the recaller has finished summarizing, the listener provides feedback on er
rors, distortions, and material omitted. Then both partners together elaborate 
on the material read by adding details, generating examples, developing im
ages, and in general relating the new material to what they already know. 
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The sequence of summarizing, error detection and feedback, then elabora
tion, is repeated on the next section of text with partners alternating the lis
tener and recaller roles. 

Cognitive, metacognitive and socio-cognitive processes underlying 
Scripted Cooperation. Based on an extensive program of research, Dan-
sereau and his colleagues (Dansereau, 1988; Larson, et al., 1985; Spurlin, et 
al. 1984) have found this strategy to be effective in enhancing learning for 
both the recaller and listener. Learning in Scripted Cooperation can be ac
counted for by the cognitive and socio-cognitive processes induced by the 
script. First, summarizing helps the summarizer to reformulate and consoli
date material into the memory structure already developed during the initial 
reading of the material. This makes the information more stable in memory 
and therefore more readily recalled. Summarizing also involves metacogni
tive processes; during summarizing the recaller is monitoring or self-check
ing on how well the material is understood. For the recaller, inability to 
summarize signals a lack of understanding, and errors or omissions suggest 
inaccurate or incomplete comprehension. During error detection the listener 
also engages in metacognitive processes to constantly compare what is being 
orally recalled to the actual content of the material read. The listener's role 
of monitoring the accuracy of the other's recall also provides the listener 
with an additional pass through the material thus promoting further consoli
dation of the new material into memory structures and facilitating future re
call. Both partners get further exposure to the material during feedback. 

The activities of note-taking and elaboration induce additional cognitive, 
metacognitive and socio-cognitive processes. Note-taking provides not only 
another opportunity for further encoding of the material (see Kiewra, 1989), 
but also for encoding it in a different mode - writing. As a result, both re
caller and listener encode the material through reading it in the initial text 
format, writing notes on it, and hearing it in the oral summary. Encoding 
through three different modes can result in a richer memory structure with 
numerous cues for subsequent recall. Through elaboration, the recaller and 
listener create additional and varied links to their existing knowledge. Elabo
ration not only extends understanding by adding additional links, it also pro
vides a variety of different recall cues (the details added, examples gener
ated, and images developed). The elaboration phase of Scripted Cooperation 
induces socio-cognitive processes as the elaboration is jointly accomplished 
by the partners; and products of that elaboration (the details, examples, and 
images generated) are available for encoding by both. Neither partner alone 
would generate the same details, examples, and images as they do by en
gaging in joint elaboration. Such thoroughly encoded and jointly-elaborated 
material will not soon be forgotten. 
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This whole procedure, with its set of roles and activities, benefits both 
partners as neither partner would accomplish the same level of learning 
without the other's assistance. Because this procedure is intended to support 
only knowledge acquisition (not higher-level learning), the focus on infor
mation processing and encoding activity is both appropriate to the task as 
well as effective. 

Dansereau (1988) found that the partner who summarizes the content 
presented learns more than the partner who listens and checks for errors. 
Possibly self-checking of understanding during summarization made the dif
ference; presumably such metacognitive processes enhance learning over 
and above the cognitive and socio-cognitive processes. 

Dansereau (1988) points out that modeling can enhance learning in 
Scripted Cooperation also. Partners have the opportunity to improve their 
cognitive skills of summarizing, error detection, and elaboration through 
observation and imitation of each other's behavior. 

3.2 Reciprocal Teaching 

Palincsar and Brown's (1984) Reciprocal Teaching is another form of 
scripted collaboration designed to enhance text comprehension. In this ap
proach learners in small groups take turns assuming roles (questioner, sum-
marizer, clarifier, predictor) and follow a sequence of activity beginning 
with making predictions about the content and topic of a text segment to be 
read, reading the segment, asking questions about the content, summarizing 
and clarifying the content, followed by making new predictions about the 
next segment of text (Palincsar & Herrenkohl, 1999). This sequence is re
peated with additional passages until the complete text is covered. Over 
time, during subsequent sessions of Reciprocal Teaching, learners get prac
tice in all four activities by assuming different roles during subsequent 
reading sessions. 

A great deal of research on the use of Reciprocal Teaching has been con
ducted with somewhat mixed results. Although pre-post achievement meas
ures generally show learning gains in text comprehension, it is not always 
clear that those gains can be attributed to the roles students play rather than 
simply to the additional processing of material (Rosenshine & Meister, 
1994). Rosenshine and Meister suggested that often there was merely rote 
application of the procedure, as many groups tended to be more interested in 
following the roles and rules in a routine manner and getting the task done 
than in fully comprehending the text. 

Cognitive, metacognitive and socio-cognitive processes underlying 
Reciprocal Teaching. Because the roles in Reciprocal Teaching are not 
clearly defined, their underlying cognitive processes will vary depending on 
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how the roles are taught and modeled by teachers. Each of the roles of ques
tioner, summarizer, clarifier, predictor, has the potential to prompt different 
cognitive and metacognitive processes in readers. The extent of cognition 
involved in the questioner role is dependent on the kinds of questions asked. 
If higher-level questions are asked, then higher-level cognitive processes 
(such as analysis, inferencing, and making connections to prior knowledge) 
may be activated; however, since Reciprocal Teaching is designed to pro
mote understanding and remembering of text, the kind of questions asked are 
generally factual and comprehension ones. The cognitive processes induced 
by asking fact questions are simple retrieval, while asking comprehension 
questions may involve some extent of reformulation of content retrieved. 
Moreover, when those questions are answered, the cognitive processes acti
vated in the responder are likely to be straight retrieval and retelling of con
tent from memory (for both kinds of question); although comprehension 
questions might induce more extensive reconstruction processes, verbalized 
as paraphrased or summarized content. 

Playing the role of clarifier can trigger several cognitive and metacogni
tive processes. Clarifiers must constantly monitor their own understanding 
by comparing what they know with what is being asked and stated by others 
in the group; this self-checking involves continuous revision of clarifiers' 
mental representations of the text passage, which results in richer memory 
structures with a variety of cues for recall. 

As in Scripted Cooperation, the summarizer role induces reconstruction 
of material read and consolidation of it in memory. Here too, summarizing 
involves metacognitive processes of self-monitoring for comprehension of 
the material read. 

The predictor is a role that can activate higher-level cognitive processes 
of analysis and reasoning to generate real predictions (as opposed to guesses) 
about what will happen next. Metacognition comes into play here as the pre
dictor must self-monitor comprehension to avoid making improbable predi
cations. 

The mutual regulation of learning that occurs during Reciprocal Teaching 
is the activity at the heart of this procedure. Mutual monitoring is built in to 
the use of the roles in conjunction with each other. As questions are asked 
and answered, as material is clarified and summarized, learning is monitored 
for accuracy; as predictions are made they are evaluated for consistency with 
text events. In this way the whole group monitors their on-going comprehen
sion. 

The scripted collaboration procedures discussed so far focus on scripting 
the task and its sequence; however, some attempts have been made to guide 
both the task sequence and the content of group communication. In these 
kinds of scripted collaboration the interaction in collaborating groups is 
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structxired by guiding the actual dialogue learners engage in during the task. 
The rationale for this approach is: if explaining, questioning, elaborating, 
arguing, and reconciling cognitive discrepancies are such effective cognitive 
and socio-cognitive learning activities, why not use actual dialogue prompts 
to elicit these particular forms of discourse? Dialogue prompts used to guide 
the interaction of the group would presumably result in socio-cognitive 
processes conducive to higher-level learning. For example, when King (e.g., 
1989, 1991, 1994; King & Rosenshine, 1993) trained students in collabora
tive learning groups to ask each other task-related thought-provoking ques
tions, she found that, as expected, those questions elicited explanations, in
ferences, speculations, hypotheses, comparisons, analyses, conclusions, and 
other high-level responses. This high level of discourse, in turn, had a direct 
positive effect on learning. In effect, guiding group discourse in such ways 
can be a means of controlling discussion content or of keeping discussion 
focused on a particular procedure or at a high cognitive level. 

Two of King's scripted collaborative learning procedures that guide both 
the task sequence and group communication are presented below. Both pro
cedures provide structured scaffolding for group discourse. The first one 
guides the discourse of partners during problem solving; the other one 
prompts partners to initiate, maintain, and regulate high-level discourse dur
ing complex collaborative learning tasks. 

3.3 Guided Strategic Problem Solving 

King's (1991) Guided Strategic Problem Solving (GSPS) procedure was 
designed to scaffold student interaction when solving complex problems^ 
GSPS is based on a sequence of "strategic" questions that guide learners' 
problem-solving activity by controlling the content of their interaction while 
solving problems together. The questions are designed to guide students to 
be strategic (intentional and planful - rather than resorting to guessing and 
trial-and-error) during their problem solving. 

Learners in small groups or pairs engage in asking and answering these 
questions with each other to prompt their partners and themselves to plan, 
monitor, and evaluate their problem solving process and problem solution in 
a strategic manner. There are no specified roles, and either partner can ask or 
answer the questions, specific activities are prompted by the strategic ques
tions, and there is a general sequence to. Both the format of the particular 
questions and the sequence of questions is structured to guide learners 
through the typical stages of problem solving (e.g., problem-identification 
and representation, search for a solution path, implementation of a solution, 

' Complex problems are problems that are ill-structured and/or have several possible 
solutions. 
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and evaluation; Gick, 1986) and help them to monitor their progress towards 
solution. The general strategic questions are designed to prompt learners to 
clarify the problem, think about the problem in new ways, access their ex
isting knowledge and strategies, formulate plans and strategies for solving 
the problem, and evaluate alternatives. Examples of the general strategic 
questions include: "What do we know about the problem so far?", and "Do 
we need a different strategy?" In addition to being trained to use the ques
tions, learners are coached in developing elaborated responses (ones that are 
solution-oriented or strategy-oriented) during problem solving. King (1991) 
found that GSPS was very effective in promoting problem-solving success, 
for fifth graders in terms of both the problem-solving process and solutions 
achieved. 

Cognitive, metacognitive and socio-cognitive processes underlying 
GSPS. The learning effects of GSPS can be accounted for by the cognitive, 
metacognitive, and socio-cognitive processes induced by elements of the 
collaboration script used. First of all, the question sequence was provided on 
a hand-held card and this alone assisted learners' information-processing in 
two ways: it reduced their cognitive load (they didn't have to remember the 
questions or general problem-solving sequence) as some of the cognitive 
load was distributed to the question prompt card (see Salomon's, 1997, con
cept of distributed cognition); and the content of those problem solving 
questions (as well as the sequence) kept attention focused on the problem 
space and its solution. 

Furthermore, the GSPS script prompted the activities of questioning, ex
planation, elaboration, and resolution of cognitive discrepancies, which in 
turn induced cognitive and socio-cognitive processes conducive to problem-
solving success. Analysis of transcripts of recorded GSPS student interaction 
during problem solving revealed that, as expected, when students asked 
strategic questions, those questions elicited explanations, elaborated re
sponses (e.g., detailed directions for how to execute a specific move, analy
sis of a situation, and rationales for actions suggested), and follow-up 
thought-provoking questions relevant to the problem (King, 1991, 1999). 
Engaging in this questioning-answering dialogue during problem solving 
allowed students to share information and perspectives, negotiate under
standing, resolve cognitive discrepancies, and truly co-construct their prob
lem solving plans, strategies, solution paths, as well as improve their pair's 
problem-solving performance. 

In GSPS, metacognition is overtly built into the script. The general stra
tegic questions are arranged into three categories: plan, monitor, evaluate; 
this structure in and of itself induces and supports the kind of metacognitive 
processes that promote success during problem solving. Also, the specific 
strategic questions students asked each other (e.g., reason for why an attempt 
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was successful or unsuccessful) prompted self-monitoring and regulation of 
their particular problem solving process and decision-making during prob
lem solving. 

3.4 ASK to THINK - TEL WHY®® 

King's (1997) ASK to THINK - TEL WHY®®' is also a question-based 
collaborative learning procedure. It can be used for scripting collaboration in 
several forms of high-level learning where one partner assumes the role of 
teacher and the other the learner and partners alternate roles (see King, Staf-
firi, & Adelgais, 1998, for use of this procedure in mutual peer tutoring). The 
focus of the script is on use of five different types of questions which learn
ing partners carefully sequence to scaffold their learning from comprehen
sion checking and consolidation of prior knowledge to building new knowl
edge and monitoring thinking. 

The learning partner in the teaching role (the ASK to THINK role) is 
called the questioner and the learning partner in the TEL WHY role explains 
(tells why and how) and elaborates (makes connections) and is referred to as 
the explainer (note that this role combines the activities of explanation and 
elaboration). This clear differentiation of roles makes it easier for the teach
ing partner to focus on asking questions rather than "lecturing" to the part
ner, which is more likely to elicit explanations and elaboration from the ex
plainer. 

The particular questions provided are generic questions that learners use 
to generate specific questions on the text or other material to be learned. A 
question-asking sequence begins with review questions and proceeds to 
more-sophisticated thought-provoking questions, with hint and probing 
questions as well as metacognitive questions interjected as needed. These 
questions, when posed, prompt partners to make corresponding responses. In 
this way learners continuously help each other build on their own and each 
other's previous contributions so as to "scaffold" knowledge construction to 
progressively higher levels (Vygotsky, 1978). During any learning session 
partners exchange roles. Collaborative learning with ASK to THINK - TEL 
WHY®® has been successful for students as young as fourth grade. 

Cognitive, metacognitive and socio-cognitive processes underlying ASK 
to THINK - TEL WHY®®. To begin with, partners are provided with a 

^ ASK to THINK - TEL WHY®® is a registered trademark and the learning procedure itself 
is copyrighted by Alison King, 1994a, 1997, 1998 and 1999. Neither the names ASK to 
THINK - TEL WHY®® or ASK to THINK nor the particular learning procedure known by 
that name and described herin may be used for any commercial, teaching, or training 
purpose whatsoever or any other purpose without prior written permission from Alison 
King. 



2. Scripting collaborative learning processes: a cognitive perspective 31 

prompt card containing the questions and sequence as well as the TEL WHY 
role, and this serves as an external representation of the script to support 
cognitive activity. As with the GSPS procedure, use of a prompt card is 
meant to reduce learners' cognitive load by distributing some of the cogni
tion to the external cards; at the same time the content of those questions (as 
well as their sequence) should keep learners' attention focused on the learn
ing task at hand. For a fuller account of distributed cognition in ASK to 
THINK - TEL WHY®©, see King (1998), where a description can be found 
of what is being distributed during the procedure and how cognitions are 
distributed across the learning pair and various aspects of their learning envi
ronment. 

All of the cognitively effective activities of explanation, elaboration, 
asking thought-provoking questions, argumentation, and reconciling cogni
tive discrepancies are incorporated into the ASK to THINK - TEL WHY®® 
script. And the script is designed so that these activities induce a variety of 
cognitive, metacognitive, and socio-cognitive processes in learners. For ex
ample, when questioners begin the procedure by asking review questions 
(e.g., "What does ... mean?"); in so doing, they are not only assessing their 
partners' memory for the material and their understanding of it, they are also 
monitoring their own comprehension and repairing the knowledge base. 
Those review questions activate whatever knowledge partners have on the 
topic and elicit their definitions, descriptions, explanations, and elaborations. 
If an answer to a review question is incomplete, the questioner asks probing 
questions (e.g., "Tell me more about ...") to prompt the explainer to expand 
on an idea, clarify a point, be more explicit, or in some other way elaborate. 
When responses are incorrect or partial, hint questions (e.g., "Have you 
thought about ...?") are asked. Hint questions provide clues or partially-
framed answers so as to guide explainers to repair any knowledge deficits or 
errors in reasoning and integrate the modification into their mental repre
sentations of the material. With a shared knowledge base firmly in place, 
learners proceed to construct new knowledge onto that base by asking and 
answering thinking questions (with hint and probing questions as needed). 
Examples of thinking questions and the specific cognitive processes they are 
intended to induce include: "What are the implications of... for ...?" (analy
sis and inferencing), "What disadvantage might there be to using ...?" 
(speculation), "What is the difference between ... and ... in terms of ... ?" 
(analysis, comparison, and application of criteria), "What evidence is there 
to support the contention that ...?" (evaluation and evidence-based reason
ing), and "What might be a counter-argument for ...?" (inferencing and logi
cal reasoning). Such questions are designed to require going beyond the text 
material to induce higher-level thinking and learning. Thinking questions 
scaffold learners in creating links between ideas and between the new mate-
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rial and prior knowledge. Asking and answering thinking questions can not 
only increase the number of connections in learners' knowledge structures, it 
can also create a variety of different kinds of connections (such as compari
son connections and evaluation connections), and therefore numerous and 
varied cues for retrieval and additional knowledge building. 

Question sequencing from review questions through thinking and meta-
cognitive questioning and responding serves to both control the progression 
of learning and monitor its extensiveness. The sequence also keeps the cog
nitive and socio-cognitive processing focused on the mutual scaffolding of 
learning to increasingly higher levels. Asking and answering metacognitive 
("thinking-about-thinking") questions such as "How did you figure that 
out?" can function as a way for partners to monitor their own and their part
ner's thinking; they also serve to consolidate learning and make it more 
readily retrieved by generating additional cues for recall. 

This questioning and answering is a socio-cognitive process character
ized by mutuality and interdependence of roles. The question asked gener
ally determines the response made which in turn dictates the next question, 
both its form (review, probing, hint or thinking) and its content (as the ques
tioner builds on the explainer's response). Because of the interdependence 
and mutuality inherent in the activity of asking and answering thinking 
questions and hint and probing questions, partners' socio-cognitive processes 
can be induced, meaning is negotiated, and knowledge jointly constructed. 
The frequent exchange of roles required in this script also reinforces interde
pendence. 

4. THE QUESTION OF SELF-REGULATION OF 
COLLABORATION SCRIPTS 

For some face-to-face scripted collaboration approaches there is the ex
pectation that the script itself will be internalized so that learners can become 
self-regulated in their use of it. According to Vygotskian thinking, the ac
tions of the roles and any verbal prompts can be internalized as inner speech 
and then used by the learner to self-prompt actions in similar situations 
(Rogoff, 1990; Vygotsky, 1978). 

However, because scripts vary in their complexity and goals, some lend 
themselves better than others to learners' appropriation (see Rogoff, 1990) 
through internalization. Some scripts simply label roles, activities or strate
gies, and sequence of activities and depend heavily on extensive teacher 
modeling and coaching in how those roles and activities are to be "played 
out" during interaction (e.g., Herrenkohl & Guerra's Cognitive Tools and 
Intellectual Roles [CTIR], 1998; Palincsar & Brown's Reciprocal Teaching, 
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1984). Other scripts (e.g., GSPS & ASKto THINK - TEL WHY®®)provide 
more specific guidance for interaction through use of explicit scaffolds that 
prompt specific kinds of dialogue that can, in turn, induce the intended cog
nitive and socio-cognitive processes. With some scripts the focus is on 
structuring the form of learner interaction, other scripts focus more on influ
encing the level of thinking and activity during that interaction. Some scripts 
must be rigidly adhered to and learners cannot modify the externally-pro
vided roles, actions, or sequence (e.g., Scripted Cooperation) and this is nec
essary and appropriate (who can imagine checking the summary before 
summarizing?); while other scripts provide learners with a great deal of 
flexibility within the script's basic parameters. Some scripts are designed to 
be used in each and every instance of the collaborative activity (e.g., 
Scripted Cooperation, as well as essentially all computer-supported on-line 
scripts); in other scripted collaboration procedures, use of the script is less 
rigid and can be eventually faded because learners have internalized the ba
sic script or have adapted it to fit their unique uses and internalized the 
modified script (e.g.. Reciprocal Teaching; King's GSPS & ASK to THINK 
- TEL WHY®®). 

Reciprocal Teaching is readily internalized by learners because of the 
separation of roles and simplicity of script. Indeed the goal of Reciprocal 
Teaching is for the procedures and roles to be learned and practiced in a 
group context with the intention that the procedure will eventually be used 
independently by learners to promote their reading comprehension. Because 
the roles are alternated during Reciprocal Teaching, learners get experience 
playing all four roles in the script so that over time those roles are internal
ized. Teacher and peer modeling of each role helps to make the roles easier 
to remember and assume later on. Over time roles are internalized to the ex
tent that they can be played with self-prompting rather than external guid
ance. Presumably this can lead to learners being self-regulated in their read
ing comprehension when they are able to prompt their own execution of the 
entire script as they read independently. 

Similarly, when GSPS is used over time external prompts can be faded as 
learners internalize the script and no longer need their question cards. It is 
expected that individuals will use their internalized GSPS guiding questions 
to self-regulate their problem solving either on their own or in collaboration 
with others. 

Even some complex scripts can be appropriated by learners for later use. 
For example, ASK to THINK - TELWHY®® appears to be very complex 
because of its explicit dialogue prompts and sequencing; however several 
features of this procedure promote internalization. For example, role ex
change provides opportunities for partners to play both roles and internalize 
them. Modeling supports this role appropriation. Also, the dialogue prompts 
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(the questions) can be appropriated. An advantage of scripting dialogue is 
that aspects of the dialogue used during scripted collaboration, particularly 
the scaffolding prompts, are readily internalized as what Vygotsky (1978) re
fers to as inner speech. Appropriating the actual dialogue as inner speech can 
allow learners to engage in self talk (e.g., posing the questions to themselves) 
to prompt their own cognitive processes in subsequent similar situations 
(Rogoff, 1990; Vygotsky, 1978). Taking over the prompting role themselves 
facilitates learners' moving from being script-regulated to being self-regu
lated in many face-to-face collaborative learning contexts. 

For designers of scripted collaborative learning and researchers assessing 
the effectiveness of these approaches it is important to be aware of what 
cognitive, metacognitive, and socio-cognitive processes their scripts are 
likely to induce in learners. Knowing more precisely what is learned and 
how it is learned through scripting can improve script design to facilitate 
collaborative learning and perhaps also promote eventual self-regulation of 
learning with those scripts. 

REFERENCES 

Bargh, J. A., & Schul, Y. (1980). On the cognitive benefits of teaching. Journal of Educa
tional Psychology, 72,593-604. 

Bearison, D. J. (1982). New directions in studies of social interactions and cognitive growth. 
In F. C. Serafica (Ed.), Social-cognitive development in context (pp. 199-221). New York: 
Guilford. 

Bell, P. (2004). Promoting students' argument construction and collaborative debate in the 
classroom. In M. C. Linn, E. A. Davis, & P. Bell (Eds.), Internet environments for science 
education (pp. 114-144). Mahwah, NJ: Erlbaum. 

Britton, B. K., Van Dusen, L., Glynn, S. M., & Hemphill, D. (1990). The impact of inferences 
on instructional text. In A. C. Graesser & G. H. Bower (Eds.), Inferences and text compre
hension (pp. 53-87). San Diego: Academic Press. 

Brown, A. L., & Campione, J. C. (1986). Psychological theory and the study of learning <\\s-
ahilitiQs. American Psychologist, 41, 1059-1068. 

Chan, C. K. K., Burtis, P. J., Scardamalia, M., & Bereiter, C. (1992). Constructive activity in 
learning from text. American Educational Research Journal, 29, 97-118. 

Chi, M. T. H., deLeeuw, N., Chiu, M. H., & LaVancher C. (1994). Eliciting self explanations 
improves understanding. Cognitive Science, 18, 439-477. 

Chi, M. T. H., & VanLehn, K. A. (1991). The content of physics self-explanations. Journal of 
the Learning Sciences, 7,69-105. 

Cobb, P. (1988). The tensions between theories of learning and instruction in mathematics 
education. Educational Psychologist, 23, 78-103. 

Cohen, E. G. (1994). Restructuring the classroom: Conditions for productive small groups. 
Review of Educational Research, 64{\), 1-35. 

Dansereau, D. F. (1988). Cooperative learning strategies. In C. E. Weinstein, E. T. Goetz, & 
P. A. Alexander (Eds.), Learning and study strategies: Issues in assessment, instruction, 
and evaluation (pp. 103-120). New York: Academic Press. 



2. Scripting collaborative learning processes: a cognitive perspective 35 

De Lisi, R., & Golbeck, S. L. (1999). Implications of piagetian theory for peer learning. In A. 
O'Donnell & A. King (Eds.), Cognitive Perspectives on Peer Learning (pp. 3-37). Mah-
wah, NJ: Erlbaum. 

Gick, M. L. (1986). Problem-solving strategies. Educational Psychologist, 21, 99-120. 
Graesser, A. C. (1992). Questioning mechanisms during complex learning. Technical report, 

Cognitive Science Program, Office of Naval Research, Arlington. 
Herrenkohl, L. R., & Guerra, M. R. (1998). Participant structures, scientific discourse, and 

student engagement in fourth grade. Cognition and Instruction, 16, 431-473. 
Hogan, K., Nastasi, B. K., & Pressley, M. (1999). Discourse patterns and collaborative scien

tific reasoning in peer and teacher-guided discussions. Cognition and Instruction, 17, 379-
432. 

Johnson, D. W., & Johnson, R.T. (1993). Creative and critical thinking through Academic 
Controversy. American Behavioral Scientist, 37, 40-53 

Kiewra, K. A. (1989). A review of note-taking: The encoding-storage paradigm and beyond. 
Educational Psychology Review, 1, 147-172. 

King, A. (1989). Effects of self-questioning training on college students' comprehension of 
lectures. Contemporary Educational Psychology, 14 ,\-\6. 

King, A. (1991). Effects of training in strategic questioning on children's problem-solving 
performance. Journal of Educational Psychology, 83, 307-317. 

King, A. (1994). Guiding knowledge construction in the classroom: Effects of teaching chil
dren how to question and how to explain. American Educational Research Journal, 30, 
338-368. 

King, A. (1997). ASK to THINK - TEL WHY®®: A model of transactive peer tutoring for 
scaffolding higher-level complex learning, in Educational Psychologist, 32(4), 221-235. 

King, A. (1998). Transactive peer tutoring: distributing cognition and metacognition. Educa
tional Psychology Review, 10, 57-74. 

King, A. (1999). Discourse patterns for mediating peer learning. In A. O'Donnell & A. King 
(Eds.), Cognitive Perspectives on Peer Learning (pp 3-37). Mahwah, NJ: Erlbaum. 

King, A., & Rosenshine, B. (1993). Effects of guided cooperative questioning on children's 
knowledge construction. Journal of Experimental Education, 61, 127-148. 

King, A., Staffieri, A., & Adelgais, A. (1998). Mutual peer tutoring: Effects of structuring 
tutorial interaction to scaffold peer learning. Journal of Educational Psychology, 90, 134-
152. 

Kuhn, D. (1991). The skills of argument. New York: Cambridge University Press. 
Kuhn, D., Shaw, V., & Felton, M. (1997). Effects of dyadic interaction on argumentative 

reasoning. Cognition and Instruction, 15, 287-315. 
Larson, C. O., Dansereau, D. F., Goetz, E. T., & Young, M. D. (1985). Cognitive style and 

cooperative learning: Transfer of effects. Paper presented at the annual meeting of the 
Southwest Educational Research Association, Austin, TX. 

Leont'ev, A. N. (1932). Studies in the cultural development of the child, 3: The development 
of vocabulary attention in the child. Journal of Genetic Psychology, 37, 52-81. 

Lepper, M. R., Aspinwall, L. G., Mumme, D. L., & Chabay, R. W. (1990). Self-perception 
and social perception processes in tutoring: Subtle social control strategies of expert tutors. 
In Self-inference processes: The Ontario Symposium (pp. 217-237). Hillsdale, NJ: Erl
baum 

Luria, A. R. (1928). The problem of the cultural behavior of the child. Journal of Genetic 
Psychology, 35, 493-506. 

Mugny, G., & Doise, W. (1978). Socio-cognitive conflict and the structure of individual and 
collective performances. European Journal of Social Psychology, 8, 181-192. 



36 Chapter 2 

O'Donnell, A., & Dansereau, D. F. (1992). Scripted cooperation in student dyads: A method 
for analyzing and enhancing academic learning and performance. In Hertz-Lazarowitz, R. 
& Miller, N. (Eds.), Interaction in cooperative groups: The theoretical anatomy of group 
learning (pp. 120-141). New York: Cambridge University Press. 

Palincsar, A. S., & Brown, A. L. (1984). Reciprocal teaching of comprehension-fostering and 
monitoring activities. Cognition and Instruction, /, 117-175. 

Palincsar, A, S., & Herrenkohl, L. R. (1999). Designing collaborative contexts: Lessons from 
three research programs. In A. O'Donnell & A. King (Eds.), Cognitive Perspectives on 
Peer Learning (pp. 151-177). Mahwah, NJ: Erlbaum. 

Perret-Clermont, A. (1980). Social interaction and cognitive development in children. New 
York: Academic Press. 

Piaget, J. (1985). The equilibrium of cognitive structures: The central problem of intellectual 
development. Chicago: University of Chicago Press. 

Pressley, M., McDaniel, M. A., Turnure, J. E., Wood, E., & Ahmad, M. (1987). Generation 
and precision of elaboration: Effects on intentional and incidental learning. Journal of Ex
perimental Psychology: Learning, Memory, and Cognition, 13, 291-300. 

Pressley, M., Symons, S., McDaniel, M. A., Snyder, B. L., & Turnure, J. E. (1988). Elabora-
tive interrogation facilitates acquisition of confusing facts. Journal of Educational Psy
chology, 80(3), 268-278. 

Pressley, M., Wood, E., Woloshyn, V. E., Martin, V. King, A., & Menke, D. (1992). Encour
aging mindful use of prior knowledge: Attempting to construct explanatory answers fa
cilitates learning. Educational Psychologist, 27, 91-109. 

Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social context. New 
York: Oxford University Press. 

Roschelle, J. (1992). Learning by collaboration: Convergent conceptual change. The Journal 
of the Learning Sciences, 2, 235-276. 

Rosenshine, B., & Meister, C. (1994). Reciprocal teaching: A review of the research. Review 
of Educational Research, 64, 479-530. 

Salomon, G. (1997). No distribution without individuals' cognition: A dynamic interactional 
view. In G. Salomon (Ed.), Distributed cognitions: Psychological and educational consid
erations (pp. 111-138). New York: Cambridge University Press. 

Salomon, G., & Globerson, T. (1989). When teams do not function the way they ought to. 
International Journal of Educational Research, 13, 89-99. 

Schank, R. C , & Abelson, R. P. (1977). Scripts, plans, goals and understandings. Hillsdale, 
NJ: Erlbaum. 

Spurlin, J. E., Dansereau, D. E., Larson, C. O., & Brooks, C. W. (1984). Cooperative learning 
strategies in processing descriptive text: Effects of role and activity level of the learner. 
Cognition and Instruction, I, 451-463. 

U. S. Department of Education (1986). What works: Research about teaching and learning. 
Washington, DC. 

Vaughan J. L., & Estes, T. H. (1986). Reading and reasoning beyond the primary grades. 
Boston: Allyn & Bacon. 

Vedder, P. (1985). Cooperative learning: A study on processes and effects of cooperation 
between primary school children. Gronigen, The Netherlands: University of Gronigen. 

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. 
Cambridge, MA: Harvard University Press. 

Webb, N. M. (1989). Peer interaction and learning in small groups. International Journal of 
Educational Research, 13, 21-39. 



2. Scripting collaborative learning processes: a cognitive perspective 37 

Webb, N., Ender, P., & Lewis, S. (1986). Problem solving strategies and group processes in 
small group learning computer programming. American Educational Research Journal, 
25,243-251. 

Webb, N., & Farivar, S. (1994). Promoting helping behavior in cooperative small groups in 
middle school mathematics. American Educational Research Journal, 31, 369-395. 

Webb, N. M., & Palincsar, A. S. (1996). Group processes in the classroom. In D. C. Berliner 
& R. C. Cafree (Eds.), Handbook of Educational Psychology (pp. 841-873). New York: 
Simon & Shuster Macmillan. 

Weinberger, A., Fischer, F., & Mandl, H. (2002). Fostering computer-supported collabora
tion with cooperation scripts and scaffolds. In G. Stahl (Ed.), Computer support for col
laborative learning: Foundations of a CSCL community (pp. 573-574). Mahwah, NJ: Erl-
baum. 

Wright, L. (1995). Argument and deliberation: A plea for understanding. Journal of Philoso
phy, 92, 565-585. 



Chapter 3 

CAN PEOPLE LEARN COMPUTER-MEDIATED 
COLLABORATION BY FOLLOWING A SCRIPT? 

Nikol Rummel and Hans Spada 
A Ibert-Ludwigs- Universitdt, Freiburg 

Abstract: Our central hypothesis is that partners who jointly work on a task in a com
puter-mediated setting following a collaboration script, can acquire collabora
tive skills that will help to improve the collaboration in subsequent tasks as 
well as their outcome. In an experimental study, a collaboration script was 
provided for a first computer-mediated collaboration in one experimental 
condition. Meantime, in a different experimental condition, the collaborators 
observed a model-collaboration. Learning effects of script and model were ex
pected to become evident in the process and outcome of a second, unscripted 
computer-mediated collaboration. Compared to two control conditions (a con
dition with unsupported collaboration during the learning phase and a condi
tion without a learning phase) both the script condition and the model condi
tion showed positive effects on process and outcome during the application 
phase. This leads to the conclusion that collaboration scripts can indeed con
stitute a promising instructional method to promote collaborative competences 
and to improve subsequent computer-mediated collaboration. 

1. BACKGROUND 

As outlined in the introductory chapter of this book and illustrated by the 
individual chapters, collaboration scripts have proven to be powerful strate
gies for supporting collaboration in learning and problem-solving contexts. 
Moreover, they have shown such beneficial effects on collaborations in a va
riety of face-to-face settings ranging from collaborative learning of science 
texts in college settings (e.g., O'Donnell, 1999; O'Donnell & Dansereau, 
1992) to collaborative problem-solving and learning in mathematics in a 
school setting (Berg, 1993). Also in a variety of computer-mediated collabo
ration settings empirical evidence has been established that scripts can pro-
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vide effective support for collaboration (for examples refer to the chapters of 
this volume). 

However, Dillenbourg (2002) expressed concern that there may be a 
danger to "overscript" collaborative interaction. Scripting collaboration 
might prevent the independent, exploratory thinking required for generative 
learning or problem-solving. This, Dillenbourg argues, is especially true for 
highly coercive scripts which dictate interaction in a very detailed and in
flexible way. A high degree of coercion might also decrease student motiva
tion. We have argued along similar lines (see Rummel & Spada, 2005b) that 
the motivation theory of Deci and Ryan (1985) indicates that collaboration 
scripts may cause motivational problems and reactance towards the script as 
this theory regards self-determination as central for motivation. Observations 
pointing in the same direction have also been made by researchers who have 
successfully applied scripts to enhance computer-mediated collaboration in 
their own research (Bruhn, 2000; Kollar, 2001). Negative motivational ef
fects can be expected in particular if collaboration is scripted over an ex
tended period of time and over many collaborative sessions (Hron, Hesse, 
Reinhard, & Picard, 1997). 

Against this background, an important question is, whether central ele
ments of a collaboration script can be learned from a scripted session, and 
then serve to promote subsequent unscripted collaboration (in the following 
called learning-from-script hypothesis). Such learning effect of a collabora
tion script would make it unnecessary to continue the scripting and risk mo
tivational drawbacks, but collaborators could themselves maintain a fruitful 
collaboration following their internalized script rules. 

In the following paragraphs, we first discuss approaches to scripting col
laboration in the literature that are relevant for our own approach. We char
acterize our collaboration script within a classification framework proposed 
by Dillenbourg (2002) and introduce the experimental paradigm it has been 
investigated with. We provide empirical support for our hypothesis from a 
recent study (see Rummel & Spada, 2005b). In the final section, the central 
results gained from our experimental study are evaluated in the light of the 
key question of this chapter: Can people learn computer-mediated collabora
tion by following a script? 

2. SCRIPT APPROACHES RELEVANT TO THE 
LEARNING-FROM-SCRIPT HYPOTHESIS 

The central idea of collaboration scripts is to foster fruitful collaboration 
by externally structuring the interaction process. The script guides the col
laborating partners through a defined sequence of interaction phases. For 
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each phase specific activities are prescribed like roles in a theater or movie 
script. By enforcing specific kinds of activities among the collaborators, the 
script is expected to prompt cognitive, metacognitive and social processes by 
participants that might otherwise not occur (see chapter by King, this vol
ume). This description holds true for collaboration scripts at a very general 
level even though there are great differences in the specific ways collabora
tion scripts have been realized. In this section we present some illustrative 
examples of collaboration scripts relevant to our script approach. 

2.1 Collaboration scripts in traditional collaboration re
search 

Several of the classical script approaches have originated from the idea to 
improve individual learning by including collaborative elements in the in
struction. As it had become obvious that collaboration would in many cases 
not facilitate learning just by itself (e.g., Azmitia, 1988; Cohen, 1994; Dil-
lenbourg. Baker, Blaye, & O'Malley, 1995; Slavin, 1983), scripting ap
proaches were developed with the goal to design collaboration in a way to 
make it fruitful for learning. 

One of the most well-known approaches to scripting is the so-called 
MURDER script developed by Dansereau and colleagues (Dansereau, 1988; 
O'Donnell & Dansereau, 1992; for an overview see O'Donnell, 1999). This 
script is directed at helping two college students in learning collaboratively 
from text material in science. The script includes detailed instruction on how 
to proceed in jointly processing the text at hand. At the outset, the text is 
broken into sections. Then students first read a section individually. Next, 
they take turns in the role of the recaller (summarizing the major ideas of the 
passage) and the listener (monitoring the explanation: detecting errors, iden
tifying omissions and asking for clarifications). Together, the partners elabo
rate on the contents of the section and try to make it more memorable by 
connecting it to previous knowledge and to mnemonic illustrations like 
images or analogies. This cycle is repeated for each section of the text. 
Finally, the students review the text once more. In sum, the central activities 
prompted by the script are (see O'Donnell, 1999): the overt verbalization of 
thinking about the text, the metacognitive activities involved in active 
listening (e.g., error detection), and the emphasis on continuous elaboration. 
Further, cross-modeling among the two peers is an important element. 

In a similar way, the script developed by Palincsar & Brown (1984; see 
also chapter by King, this volume) provides support for the collaborative 
processing of text. The main difference to the scripting approach by Dan
sereau and O'Donnell is that the reciprocal teaching technique was devel
oped for the classroom. The teacher and several students take turns in per-
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forming the different steps of the script. Thus, the teacher provides an expert 
model, particularly in the beginning. As the students become more profi
cient, the teacher retreats and the cross-modeling among peers becomes 
more and more important. The reciprocal teaching script involves four main 
activities: formulating questions on the text, summarizing, clarifying diffi
culties with the text, and making predictions about how the text will con
tinue. These steps are repeated for the different passages of the text. 

Many of the classical script approaches that were developed to facilitate 
collaborative learning are built on the assumption that through extended 
practice with the script, the learners would little by little internalize relevant 
elements of the the script so that the external scaffolding provided by the 
script could be faded out over time (e.g., Palincsar & Brown, 1984). In other 
words, similar to the hypothesis we pose in this chapter, the classical script 
approaches comprised the notion that good collaboration would be learned 
from scripted interaction. However, they did not assess this assumption di
rectly, for example by analyzing subsequent, unscripted collaborations for 
script elements, but the internalization of the fruitful script was inferred from 
learning gains. 

2.2 Collaboration scripts in CSCL research 

In computer-mediated collaboration settings, scripts can be incorporated 
in the structure of the technical environment. Many computer-mediated set
tings include shared workspaces that may be prestructured by embedding 
script information that can guide the collaborators and enhance content-spe
cific negotiation (Bruhn, Fischer, Grasel, & Mandl, 2000; Suthers, 2001; see 
also Erd, Kopp, & Mandl, this volume; Weinberger, Ertl, Fischer, & Mandl, 
2005; Weinberger, Stegmann, Fischer, & Mandl, this volume). Thus, in or
der to support computer-mediated collaboration, interaction design by means 
of scripts can be combined with interface design to provide an optimal envi
ronment for productive collaboration (Hesse, Garsoffsky, & Hron, 1997). 

For example, the collaboration script implemented by Hron et al. (1997) 
regulated the interaction of two people in a text-based computer-mediated 
setting. Collaborative task of the dyad was to perform corrections on a dia
gram depicting some biological structure. The script dictated a dialog cycle, 
prompting each step that had to be performed in the interface of the collabo
rative environment. First, one partner was asked to propose a correction; 
then, the other partner was requested to express his approval or disapproval 
of the proposition. If disapproving, he was asked to give an explanation, 
which the first partner had to concur with in turn. This cycle went on until 
they had agreed on a correction. Only then would the system allow them to 
actually perform the correction in the graphical tool of the interface. 
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Pfister and Muhlpfordt (2002; see also Haake & Pfister, this volume) 
have developed a collaboration script structuring the discourse among learn
ers in different knowledge domains in a similar way as the script by Hron et 
al. (1997). They call their script approach a learning protocol. In their com
puter-mediated collaboration setting, the interface requires participants to 
choose from a predefined menu of contribution types (e.g., question, expla
nation) before typing their specific contribution. Also, participants are asked 
to indicate which previous contribution in the discourse their contribution is 
relating to. When the message is then added to the dialog history, the chosen 
contribution type and the reference are indicated. In addition, the system as
signs alternating roles to participants (e.g., tutor), which then again have an 
impact on the contribution types available to that person. 

It is obvious that this kind of scripting exerts a high degree of coercion 
(Dillenbourg, 2002) on the collaborators as the script is enforced by the col
laborative environment. In consequence, stronger negative motivational re
actions to the scripting would be expected as compared to the traditional 
script approaches presented above. In further contrast to the above ap
proaches, the script approaches in computer-mediated settings have concen
trated exclusively on providing online support during a particular ongoing 
collaboration. The expectation that the script would be internalized or 
learned by the collaborating partners and would thus also affect subsequent 
collaborations has not been in the focal point. 

3. A SCRIPT FOR LEARNING TO COLLABORATE 

As we have pointed out above, the hypothesis that scripted collaboration 
should lead to an internalization of relevant aspects of the script is not new. 
Script approaches developed in research on collaborative learning (e.g., 
O'Donnell & Dansereau, 1992; Palincsar & Brown, 1984) assumed that the 
scaffolding provided by the script could be faded out because learners would 
internalize the script over time. However, this hypothesis was not tested 
systematically. And in the context of computer-mediated collaboration, col
laboration scripts have so far been applied as online support measures for 
ongoing collaboration. Dillenbourg (2002, p. 81) has presented some initial 
thoughts on the idea that the cognitive processes instructed by a col
laboration script in computer-mediated collaboration may be internalized by 
the collaborators. However, he also acknowledged that empirical evidence 
for this consideration has yet to be provided. 

Our hypothesis is that scripts structuring computer-mediated collabora
tion online can also trigger learning about collaboration. We think that part
ners who follow a collaboration script while jointly working on a problem-



44 Chapter 3 

solving task can acquire collaborative skills, which will then improve the 
collaborative process and outcome in a subsequent unscripted collaboration. 
Some evidence in support of our hypothesis can be found in the literature on 
the problem-based learning approach in medicine (e.g., Barrows, 1986; 
Cameron, Barrows, & Crooks, 1999). The central goal of this approach is to 
involve the students in constructive knowledge-building activities while 
solving authentic problems. In addition to the acquisition of contextualized 
domain knowledge, learners are expected to develop procedural knowledge 
of the clinical reasoning process (Barrows, 1986). It is this emphasis on the 
acquisition of procedural skills in addition to domain knowledge where the 
problem-based learning approach shares ground with our hypothesis that 
scripted collaboration may promote collaborative process skills. Moreover, 
the situated learning approach (Greeno and MMAP, 1998; Lave & Wenger, 
1991) provides support for our learning-from-script hypothesis from a dif
ferent angle: it supports our notion that meaningful collaborative activities 
guided by a script should yield much better learning effects (including better 
transferability to new collaborations) than direct instructions of the relevant 
script contents could. 

3.1 Testing the iearning-from-script hypothesis: The ex
perimental framework of our collaboration script 

The collaborative scenario we chose for our research was the computer-
mediated solving of complicated psychiatric cases that required both medical 
and psychological expertise. Dyads of advanced medical and psychology 
students were asked to make use of their complementary expertise and 
jointly develop a diagnosis and sketch a suitable therapy plan for the cases. 
The two partners collaborated computer-mediated via a desktop-videocon-
ference including personal text editors and a shared text editor. 

Why choosing to investigate the interdisplinary collaboration among dy
ads of medical and psychology students, and why using a desktop video con
ference system for the collaboration? 

The collaboration of psychologists and medical doctors (or of medical 
doctors with different specialization) is increasingly regarded to be of im
portance for the well-being of patients. A successful treatment is only possi
ble if a correct diagnosis has been deduced from the symptoms of a patient. 
However, some symptoms can indicate both a physical as well as a mental 
diagnosis. Moreover, there is a high comorbidity of mental and physical 
disorders. While the interdisciplinary collaboration on the treatment of in
patients in hospitals is one topic, the other relevant question is how to en
courage and support collaboration among locally distributed medical and 
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psychological practices. In this context video conference systems have been 
advocated as a particularly suitable solution (Kohler & Trimpop, 2004). 

In a desktop videoconference, participants at different locations each sit 
at their individual computer and communicate with one another via an audio-
video connection. On the computer screen they can see video pictures of the 
remote partners. Each video picture is captured by a small camera sitting on 
top of the computer screen or placed directly to the side of the screen. A 
continuous audio channel provides the possibility to talk to the remote part
ners. In addition, desktop videoconferences support application sharing, 
which adds the important chance to not only view, but also jointly edit text 
or visual material. Moreover, the possibility to combine a shared application 
(e.g., a text editor) with an individual one (e.g., an individual text editor for 
each partner) offers ideal conditions to include both joint and individual 
work phases in a remote collaboration. In sum, video-mediated communica
tion systems support complex synchronous interactions with an exchange of 
both verbal as well as nonverbal information (Finn, Sellen, & Wilbur 1997). 
However, there are also particular challenges that collaborators in such a 
setting are likely to experience and that a collaboration script ought to help 
them overcome 

Depending on the quality of the audio and video transmission, delays in 
the transmission of sound and picture cause specific communication prob
lems such as breaks and overlaps in the dialogue structure (Angiolillo, 
Blanchard, Israelski, & Mane, 1997). But even with a very good technical 
quality, the expenditure of any form of collaborative activity in videoconfer
ences is increased by an additional and more explicit effort (Anderson et al., 
1997) concerning, for example, the processes of grounding (Clark & Bren-
nan, 1991), turn-taking, or giving feedback. O'Conaill and Whittaker (1997) 
found that video-mediated communication is more "lecture-like", that is, 
handing over turns is done in a very formal way by using questions or nam
ing the next speaker. One reason for this finding might be that the visual 
contact possible in desktop-videoconference settings is in most cases limited 
to seeing the face or upper body part of the partner; usually eye contact is not 
possible, neither is gaze awareness (Angiolillo et al., 1997; Joiner, Scanlon, 
O'Shea, Smith, & Blake, 2002). It has also be criticized that joint awareness 
of and attention towards objects in the environment are not supported by 
videoconference systems (Kato et al., 2002). This may lead to problems for 
example when jointly using shared applications. It can be concluded that in a 
desktop videoconference setting the collaborative process requires extra ef
fort, and good and explicit coordination is necessary. 
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3.2 Testing the learning-from-script hypothesis: A script 
to teach collaboration 

We have adopted a particular experimental paradigm (see Rummel & 
Spada, 2005b) to test our hypothesis that scripts can promote the acquisition 
of collaborative skills. The paradigm comprised two phases of computer-
mediated collaborative problems-solving: one task was solved during the so-
called learning phase; a second task was solved during the application 
phase. In the learning phase, a collaboration script was provided to structure 
the interaction and to build up collaborative competences, which were then 
expected to become evident in the process and outcome of the second -
unscripted - collaboration during the application phase. 

A detailed script prescribing specific phases for their interaction was pro
vided to the partners during their first collaborative case (i.e., during the 
learning phase). Table 3-1 gives an overview of the phases instructed by the 
script. Participants received the script instructions in written format. The in
structions in the script were given in the following way: "Please, use the fol
lowing 5 minutes to ask your partner any questions you might have about the 
case. Make use of each other's knowledge to clarify information given to 
you about the patient in the case description before turning to the diagnosis." 

With the classification framework proposed by Dillenbourg (2002) our 
collaboration script can be characterized as follows: 

The script defines phases with specific tasks/activities for each phase. 
Completion criteria are particular results that have to be achieved in a given 
phase (for example, individual notes on the diagnosis ought to be taken in 
Phase 4, see Table 3-1), but also the time limits that are set for each phase. 
The criterion for group formation (or better team formation since we are 
looking at dyads here) is the complementarity of domain knowledge (psy
chology vs. medicine). This criterion is relevant to form the dyads at the out
set of the collaboration. The group size varies between phases: the partners 
are instructed by the script to either work jointly or individually. The distri
bution of input is preset by the complementarity of expertise in the dyad and 
further increased experimentally by a domain-specific distribution of text 
material. The input distribution then induces the activity distribution (Dil-
lenburg, 2002, p. 74). For example, the medical student is expected to know 
more about possible side effects of the current medication of the patient than 
the psychologist. Consequendy, he is going to be the one to explain those to 
the psychologist. Also, he will have to make sure that the side effects are 
taken into account when diagnosing the patient. On the other hand, the psy
chologist has knowledge about psycho-therapeutic treatments. Hence, he is 
going to be in charge of planning the psychotherapy for the patient. A corre
sponding distribution of activities across the partners is facilitated by the 
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division of labor prescribed by the script. The mode of interaction is syn
chronous. However, this does not preclude phases where the partners work 
individually. To the contrary, particularly in the given collaboration scenario 
with relevant knowledge distributed over the partners, taking time for indi
vidual reflection and work is of great importance (see Hermann, Rummel, & 
Spada, 2001). Given the distinction King (this volume) makes between co
operative and collaborative learning, one might thus argue that our script 
should be labeled a cooperation script. However, as we have discussed be
fore (Rummel & Spada, 2005b) making this distinction on the basis of the 
task division is somewhat arbitrary (see also Dillenbourg, 1999), and it 
would be difficult to make for our script - and the given task - as it 
comprises both collaborative as well as cooperative elements. It is 
cooperative, because a division of labor and individual work on subtasks is 
inevitable at some points given the complementary expertise of the partners. 
On the other hand, one could also define the script as collaborative, because 
the partners will need to work jointly a great deal to integrate both the 
medical and the psychological perspective. And the script does provide 
instruction for socio-cognitive processes to occur during the collaboration. 
Overall, we would characterize our script as a collaboration script rather 
than a cooperation script. As already mentioned, time management is 
supported by the script by prescribing a particular time frame for each phase 
in addition to the task definition. 

Table 3-1. The phases of the collaboration script in Rummel & Spada (2005b) 
Phase 

short initial coordination: define objectives of task 
scan case description for potential problems with understanding, 
formulate questions to the partner 
mutually answer questions, 
coordination: determine course of action (content, time, roles) 
individually work on diagnosis, 
take individual notes 
exchange notes, discuss individual ideas 
revise individual solutions and 
formulate final solution for diagnosis 
copy individual parts of solution (diagnosis) in shared editor, inte-
grate 
formulate goals for the therapy 
individually work on therapy plan (division of labor!), 
take individual notes 
exchange notes, discuss individual ideas 
revise individual solutions and 
formulate final solution for therapy 

12. . . copy individual parts of solution (therapy) in shared editor, integrate 
final check of entire joint solution 

1. 
2. 

3. 

4. 

5. 
6. 

7. 

8. 
9. 

10. 
11. 
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In addition to the above syntactical (i.e., structural) attributes of our 
script, it can also be characterized along the lines of four semantic dimen
sions (Dillenbourg, 2002). 

The design rationale behind our collaboration script is based on assump
tions of what aspects characterize a good collaboration in the given type of 
scenario. We integrated empirical findings from different strands of research 
and came up with three levels merging in a good collaboration (see Rummel 
& Spada, 2005a): a level concerning the coordination of the joint work; a 
level concerning aspects of the communication; and a level concerning do
main-specific demands for a good joint solution. Above all, the learning ob
jective of our script was to promote the acquisition of meta-cognitive knowl
edge: we aimed at improving our participants' knowledge and skills in col
laborating by providing them with a script. 

Our collaboration script exerts a medium to high degree of coercion on 
the collaborators as it gives very detailed instructions of who should do what 
and how much time is available for the activity. Thus it prescribes the inter
action of the collaborating partners to a great extent. However it is not 
equally as coercive as, for example, the script by Hron et al. (1997) because 
the communication interface does not enforce the script. Our script was pro
vided on paper which entailed the danger that the collaborators could simply 
not adhere to its instructions. Indeed it was sometimes the case that the ex
perimenter had to intervene and reprove the collaborators to stick to the 
script. In other words, the adoption of the script was not a trivial issue (first 
level of appropriation according to Dillenbourg, 2002/ Not so much be
cause people had problems following the script instructions, but because 
sometimes they did not want to follow them. The second level of appropria
tion according to Dillenbourg (2002), the internalization of the script over 
(scripted) time is in the focus of our research. As has been stated above, we 
have developed an experimental paradigm to investigate precisely this ques
tion. We have tested the effects of our collaboration script on the application 
phase at different levels (see Table 3-2): the collaborative process, its out
come - the joint solution for Case 2 - as well as an individual posttest. 

4. RESULTS IN SUPPORT OF THE LEARNING-
FROM-SCRIPT HYPOTHESIS FROM AN 
EMPIRICAL STUDY 

4,1 Method 

In an experimental study (see Rummel & Spada, 2005b) we compared 
learning effects of scripted collaboration (script condition) to three other 
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conditions (see Table 3-2): a condition in which the collaborators observerd 
a worked-out collaboration example during the learning phase (model con
dition), a condition with unscripted collaboration during the learning phase 
(unscripted condition), and a condition without a learning phase (control 
condition). The unscripted condition served as a second control condition 
testing the learning effects of our script against the potential learning effects 
of merely gaining experience in collaborating. The model condition on the 
other hand was testing the alternative hypothesis that learning to collaborate 
from observing a model collaboration might be more successful than learn
ing from scripted interaction, because the observation of the model allows to 
dedicate more cognitive capacity to elaborative meta-cognitive activity on 
the rationale of the different phases in the collaborative process. 

Table 3-2. Experimental design in Rummel & Spada (2005b) 
Experimental variation 

Script Model Unscripted Control 
condition condition condition condition 

Learning phase Learning from Observational Learning from 
(Case 1) scripted learning from a unscripted , . . 

. 1 J . . Nolearnmg 
computer- worked-out computer-
mediated example of mediated 
collaboration collaboration collaboration 

Assessment of effects of instruction provided in the learning phase 
Application Computer-mediated collaborative problem-solving in all four conditions 

phase -> Data on collaborative process 
(Case 2) -> Data on outcome (joint solution) 

Posttest -> Data on individual knowledge 

As can also be seen from Table 3-2, the experimental variation was im
plemented during the first phase of the experiment, the learning phase. With 
exception of the control condition all dyads were engaged with the first psy
chiatric case during this phase - either solving it themselves or watching it 
being solved by the models. In the application phase, effects of the experi
mental intervention were assessed as dyads were collaboratively solving the 
second psychiatric case. Both the collaborative process itself and the joint 
solution were analyzed as dependent variables. In addition, an individual 
posttest was administered testing for the participants' knowledge on what 
makes a good collaboration in the present scenario on two subscales. 

In all four conditions nine dyads were tested each consisting of a medical 
student and a student of psychology (a total of 72 participants). Students 
were recruited during university lectures and seminars, and received a finan
cial compensation for their voluntary participation. All students were at an 
advanced level of proficiency in their studies at the time of participation. 
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4.2 Results 

The overall comparison of all four conditions yielded the following re
sults. In the application phase (i.e., test phase) dyads in the script and the 
model condition outperformed dyads in both the unscripted and the control 
condition at three levels (see Table 3-2): the collaborative process, its 
outcome (the joint solution of case 2), and an individual posttest adminis
tered after the application phase. The results are summarized in Table 3-3 
(for a more detailed account of the results, see Rummel & Spada, 2005b). 

Table 3-3. Summary of results 

Logfile analysis on 
individual time 
Analysis of dialogs on 
time management and 
coordination 
Quality of joint solu
tion 

Diagnosis 

Therapy plan 

Posttest 

Scale A 

Scale B 

Script 
condition 

+ 

+ 

+ 

+ 

Model 
condition 

+ 

+ 

+ 
+ 

+ 

Unscripted 
condition 

-

" 

-

-

Control 
condition 

-

? 

-

-

*The table summarizes the results on all dependent variables. In the table "+" denotes a posi
tive result, "-"denotes a negative one, and "?" a result which is difficult to interpret. 

With regard to the collaborative process, an analysis of the activity pat
terns gained from log-file data revealed that dyads in the script and model 
condition adhered to the proportions of individual and joint work instructed 
during the learning phase. They showed a substantial amount of individual 
work, which - as had been hypothesized (see Rummel & Spada, 2005b) -
proved to be an important predictor of successful performance on the joint 
solution. The script and the model conditions did not differ substantially on 
this variable. A detailed analysis of the dialog data with a coding scheme 
assessing the frequencies of utterances on a number of categories pertaining 
to aspects of good collaboration, like coordination and time management, 
revealed that dyads in the script and model condition did engage more in 
such process management than did dyads in the unscripted condition. 

With regard to iho Joint solution for Case 2, dyads in the script condition 
produced the best therapy plan, however, they were outperformed by the 
model condition with regard to the diagnosis. We will come back to this 
point in the discussion. 
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Participants in the script and model conditions further showed better per
formance on the two subscales of the individual posttest testing knowledge 
about aspects relevant for good collaboration and problem-solving: subscale 
A, asking for knowledge on what makes a good collaboration in the given 
type of scenario at a more general level, and subscale B, asking participants 
to describe elements of a good therapy plan. Again, the script and the model 
condition did not differ in their performances. 

In sum, the results support our hypothesis that collaboration scripts can 
trigger learning about collaboration and thus improve subsequent collabo
ration. The results attained by the model condition were similar to those of 
the script condition. Thus, observing a worked-out collaboration example 
during the learning phase also proved to be an effective instructional meas
ure to improve the subsequent collaboration in the application phase. 

5. CONCLUSIONS: CAN PEOPLE LEARN COM
PUTER-MEDIATED COLLABORATION BY FOL
LOWING A SCRIPT? 

In analogy to Salomon's distinction between effects o/technology and ef
fects with technology (Salomon, 1993), we propose that one could differen
tiate between effects o/the script versus effects with the script (A. Ertelt, 
personal communication, September 29, 2004). Salomon (1993) has argued 
that particularly in education improved performance while a tool is used 
should not be the primary goal. Rather, tool use should be aimed at improv
ing the learners' abilities independent of continued tool use. In a similar way 
we have argued in this chapter, that we believe that the ultimate goal of sup
porting collaboration with a script should not lie in the improved, scripted 
performance, but in an improved ability to collaborate in fruitful ways, of 
course, leading to a good performance. 

The promising results of the above study lead us to the conclusion that in 
future research the learning effects of collaboration scripts on the acquisition 
of collaborative skills should be investigated more systematically. We fur
ther propose that if collaboration scripts foster learning about collaboration, 
they can constitute a means to improve computer-mediated collaboration in 
the long term. Of course, in the study reported here we have only provided 
evidence of the learning effects on one delayed collaboration and, therefore, 
potential long-term effects cannot be claimed yet, but require further re
search on a greater number of more delayed collaborations. 

An area that demands further consideration and empirical investigation is 
the question of how to design collaboration scripts from an instructional 
point of view to yield the best learning effects. 
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Guiding the collaborating partners to reflect on the relevant features of 
the script might be a promising measure to promote its internalization and 
acquisition as a standard of subsequent collaboration. Some indication that 
reflection of the scripted activities could improve learning is provided by the 
cognitive apprenticeship approach (e.g., Collins, Brown, & Newman, 1989). 
In this research, open verbalization and reflection accompanying the own 
behavior have proven to be important scaffolding strategies to support the 
acquisition of complex cognitive skills. It is our assumption that to foster the 
reflection of a scripted cooperation could provide such procedural facilita
tion (Scardamalia & Bereiter, 1985) while learning to collaborate from the 
script. More support for the beneficial effects of reflection and elaboration 
can be found in research on worked-out examples, where self-explanations 
(Renkl, Stark, Gruber, & Mandl, 1998) and instructional explanations 
(Renkl, 2002) have shown to improve the processing of worked-out exam
ples and in consequence learning of the demonstrated problem-solving 
strategies. 

Moreover, reference to the literature of learning from worked-out exam
ples gives important indications for how to design the transition from 
scripted collaboration to independent unscripted problem-solving in order to 
achieve the best learning effects. The collaboration could initially be guided 
by a script like the one implemented in the present study. The scripting 
should then be faded out giving way to increasingly independent problem-
solving. However, this transition should not happen abruptly from one task 
to the next as in the study described above, but in a supported step-by-step 
procedure similar to the transition from studying worked-out examples to 
solving problems proposed by Renkl, Atkinson, Maier and Staley (2002). 
Such a transition from collaborating with script to collaborating without 
script support is particularly interesting with regard to a potential long-term 
intervention with collaboration scripts 

One issue that has to be addressed, particularly when aiming at script-
learning, are motivational problems that collaboration scripts may cause and 
that may impede the adoption and, consequently, the internalization of the 
script. Although we did not directly assess motivational effects as part of our 
study, we think that negative motivational effects of the scripting in the 
learning phase became evident in the initial phase of the collaboration in the 
application phase. These negative effects are reflected in the performance of 
dyads in this condition on the diagnosis, which was poor compared to the 
outstanding performance they then showed on the therapy plan. However, 
the fact that dyads in the script condition then yielded very good results with 
regard to their therapy plans, and also showed high performances in the 
posttest, supports the conclusion that collaboration scripts can constitute a 
powerful method to promote collaborative skills. Yet, precautions have to be 
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taken to avoid motivational problems arising from the scripting during the 
learning phase. The above proposal to guide the collaborating partners to 
reflect on the relevant features of the script might also be a promising meas
ure to prevent negative motivational effects of scripting. If reflection on the 
script is promoted, the collaborating partners might gain a better under
standing of the relevance of the scripted activities. This might then improve 
their openness towards the script and promote its internalization. 
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Chapter 4 

SCRIPTING IN NET-BASED MEDICAL 
CONSULTATION: THE IMPACT OF EXTERNAL 
REPRESENTATIONS ON GIVING ADVICE AND 
EXPLANATIONS 

Anne Runde, Rainer Bromme, and Regina Jucks 
Westfdlische Wilhelms-Universitat, Munster 

Abstract: In this chapter, a distinction is made between three concepts of scripting 
communication: 1) social roles as a non-deliberative, non-instructional form of 
scripting, 2) explicit and 3) implicit scripting. Both of the latter are forms used 
in instructional collaborative settings to influence and change behavior. As we 
established in a previous study, external representations both structure and 
constrain asynchronous expert-layperson communication (Bromme, Jucks, & 
Runde, 2005). According to Suthers (e.g., Suthers & Hundhausen, 2003), 
external representations guide discourses. Because shared external representa
tions have the potential to influence learning and collaboration processes in a 
non-directive manner, we define the concept of representational guidance as 
implicit scripting. In the present study, we focused on the potential to support 
shared decision making when patients seek advice from medical doctors 
through the Internet. When communicating via computers, it is easy to make 
external representations available to both communication partners. Therefore, 
whether or not shared graphic representations function as an implicit script and 
have an impact on the communication content was tested empirically. Our 
main hypothesis is as follows: with a shared external representation in the 
background more specialist arguments are brought forward than without such 
a representation. In accordance with this hypothesis, we found that the external 
representation had a considerable influence on content selection during the 
discourse. 

1. BACKGROUND 

More and more people with varied degrees of expertise turn to the Inter
net as a source of medical information. Many web sites offer medical advice. 
In addition there are a number of other options available for using the Inter-



58 Chapter 4 

net in the context of health communication, such as maihng lists, communi
ties, newsgroups, chats or conventional email. It is possible to differentiate 
still further: who provides information and who communicates with whom? 
Some self-help groups, for example, use the Internet. Although most of these 
people have no medical training, they usually have some expertise about a 
particular disease. Additionally, there is the option of communicating via the 
Internet with professional people who have had medical training. Net-based 
communication scenarios between medical experts and laypersons have be
gun to complement traditional doctor-patient communication to a significant 
degree. Uncertainty is the most common reason for visiting a website to ob
tain health information (Pezza, 1990). The Internet is used to obtain a second 
opinion, complementing what has already been learned face-to-face (Koc, 
2002) as well as a first opinion in order to decide wether a consultation is 
necessary or not. After a television program on health matters, people fre
quently take up the offer of communicating in a chat room with a medical 
expert from the program. Health Internet portals, such as health.yahoo.com, 
not only provide up-to-date information on many diseases or access to ency
clopedias with information on topics such as laboratory results, medication 
and symptoms, but also allow the user to consult an expert via e-mail or chat 
on a particular health topic (sometimes on payment of a fee). 

An extensive use of the Internet is concomitant with a changed role for 
the patient in the doctor-patient relationship. Patients might have gathered 
relevant information themselves and this might lead to a more symmetric 
doctor-patient-relationship. Traditionally, the doctor-patient-relationship has 
been perceived in a paternalistic manner. Accordingly, the patient was to
tally dependent on the doctor, who assumed the dominant role and decided 
on the course of action with respect to the disease. The patient was then ex
pected to follow the doctor's advice. In this scenario, the personal opinions 
and values of the patient played only a minor role in decision-making proc
esses. Over the last few years, an alternative understanding of the relation
ship between doctor and patient has become accepted, in which the patient is 
"allowed" to assume a more active role. As proposed in the shared-decision-
making model and as the name implies, decision-making is shared by doctor 
and patient, both during the consultation process and throughout the treat
ment. In 2001, the German Federal Ministry of Health and Social Security 
launched shared decision-making as its main research topic 
(http://www.patient-als-partner.de [patient as a partner]). The shared-deci
sion-making model has various different facets and conditions that must be 
met for it to succeed. One of these is integrating the patient's preferences 
into the decision-making process with respect to treatment or prevention, 
together with providing medical or scientific knowledge from the doctor. 
Moreover, if the model is to succeed, a mutual exchange of information and 
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sufficient relevant expert advice to patients is a sine qua non. Only then can 
the patient be considered * medically mature' and able to take an active role 
in decision making. Ideally, the advice should comprise a detailed explana
tion of the disease (risks, potential complications, other related diseases, etc.) 
and possible treatments (What therapies are there and what are the various 
advantages and disadvantages, etc.?). 

The shared-decision-making approach seems essential for ensuring pa
tient compliance and for improving other relevant patient-related variables 
such as satisfaction (e.g., Dowell & Hudson, 1997). However, the practical 
application of the approach appears problematic. Several empirical studies 
demonstrate that conveying expert information often plays an insignificant 
role in doctor-patient communication, even in dedicated counseling settings. 
Such counseling is frequently conducted on a superficial level as far as ex
pert knowledge is concerned, the advice given being restricted to behavioral 
instructions (Tulsky, Chesney, & Lo, 1995). Many patients report dissatis
faction with their communication with physicians. They complain, for ex
ample, of a lack of information about possible alternative treatments. There 
are undoubtedly a number of situations where it might be more effective not 
to indulge in long and informative dialogues. Conversely, it is possible for 
patients to end up with unsuitable treatment if they, along with their opinions 
and preferences, are not included in the decision-making process (Coulter, 
Entwistle, & Gilbert, 1999). 

Consequently, deploying the shared-decision-making model successfully 
requires a change of behavior on the part of both communication partners. If 
doctors wish to help patients make an informed decision and share the deci
sion-making with them, it is imperative that they not only give behavioral 
advice, but also supply expert content and related background information. 
An informed decision is defined as the reasoned choice by a ^reasonable' 
individual on the basis of relevant information about the advantages and dis
advantages of all possible courses of action and in conformity with individ
ual attitudes (Bekker et al., 1999). To sum up, there are conflicting and di
verging goals and processes in doctor-patient communication. On the one 
hand - and in the sense of the shared-decision-making model - it is neces
sary to communicate relevant medical information and to improve patient 
involvement. On the other hand, traditional social roles create communica
tion patterns which prevent patients from assuming more responsibility. 

How then should the behavior necessary for shared decision-making be 
fostered? 

There are different approaches to fostering patient involvement in the 
communication process with physicians. Such processes usually consist of 
training one or other of the communication partners (the patient or the doc
tor). Various empirical studies provide evidence that it is worth attempting to 
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integrate new thinking about the role of the patient into these schemes. After 
training patients, Kaplan, Greenfield, and Ware (1989) found indications that 
there was more patient involvement during interaction with the doctor and 
better health outcomes when patients had been taught to ask more appropri
ate questions during consultation, and had been given more specific infor
mation about treatment options than patients in a control group who had re
ceived only general information. As a result, diabetes patients who had re
ceived training and became more involved, achieved better control over their 
blood sugar levels. 

Training schemes generally focus on improving the quality of advice 
doctors give to patients and on increasing patient knowledge by furnishing 
them with more material about the relevant health topic. However, most 
training is cost-intensive and not easily adapted to specific patients. It is 
neither possible to train all potential patients to ask appropriate questions, 
nor does the provision of expert information such as brochures on display in 
the waiting room guarantee that they will be read, let alone understood. 
Training doctors has also proven difficult, primarily because they have such 
tight schedules. Adapting training courses for doctors along these lines and 
educating patients in areas relevant to their complaints through training 
schemes certainly makes sense, but needs to be supplemented by further 
measures, starting with general communication skills and an appropriate 
structuring of the communication situation itself 

In this connection, Internet-based communication between doctor and 
patient is a good starting point, given that, as mentioned earlier, it enables 
patients to seek information, and because the technical environment makes it 
possible to offer direct support. 

In the following section, we present a method which uses external repre
sentations (graphics) in Internet-based communication settings. We refer to 
this method as an implicit script. In order to clarify this approach, it is neces
sary to explain the concept of implicit scripts in more detail (for a general 
introduction to the concept scripts see Fischer, Kollar, Haake, & Mandl, this 
volume, and King, this volume). Therefore, we describe three concepts of 
scripting - social roles, explicit and implicit scripts - and differentiate the 
first two clearly from the concept of implicit scripting. 
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2. THREE CONCEPTS OF SCRIPTING: SOCIAL 
ROLES, EXPLICIT SCRIPTS, AND IMPLICIT 
SCRIPTS 

2.1 Social roles as determinants of the structure of 
interaction 

Social roles are prototypical scripting concepts, first introduced to psy
chology (by Schank & Abelson, 1977). In this "original" sense, the behavior 
of physician and patient follows a well-established structure of which both 
parties are aware. Scripting through social roles determines their behavior 
inherently, whereas instructional concepts of scripting refer to a planned im
pact on specific behavior, guided by instructional objectives. The chapters of 
this book are mostly based on this instructional understanding of scripting. 
In contrast to the concept of scripts in instructional settings, social roles lead 
to a pre-structuring of communication situations without being deliberately 
influenced by someone else (except for the process of learning to act ac
cording a social role, for example, during an apprenticeship). As the very 
familiar example of the restaurant script illustrates (Schank & Abelson, 
1977, see King, this volume), agents follow a script and in so doing, enact 
their social roles. The roles of doctor and patient are scripts in that traditional 
sense (Schank & Abelson, 1977). They are relatively fixed roles which do 
not have to be negotiated afresh at the start of every new interaction. There is 
little scope for individual structuring, which derives mainly from the typical 
dependency relationship between the two speech partners. Roles of this kind 
reduce the complexity of interactional possibilities (Luhmann, 1999), which 
implies that roles do help facilitate and simplify interaction processes. They 
pre-structure them and provide patterns of behavior. In this manner, the so
cial roles of communication partners function as scripts. 

The substantial difference in knowledge between the two sides is largely 
responsible for these behavior patterns. The expert is the adviser, explainer, 
and helper. Laypersons find themselves in a position where they are depend
ent on the expert. They have a problem with respect to which they turn to a 
communication partner. They ask questions, hoping for advice and help. The 
clear allocation of roles determines the selection of communication content, 
which in turn structures the communication. In addition to the cognitive 
processes involved in communicating information, expert-layperson com
munication is characterized by a number of typical social processes and fea
tures. Wintermantel (1991) stresses the asymmetry of this communication 
situation (compare Watzlawick, Beavin, & Jackson, 2000), also describing it 
as an instructional dialogue. On the basis of the unequal distribution of 
knowledge between the two communication partners, the expert dominates 
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the discourse. "This particular dominance relation, due to knowledge superi
ority, provides a regularity which is accepted by both participants at the out
set. For the one delivering the instruction, it should be clear that s/he is ready 
to transfer her/his knowledge. For the one who wants to learn in the course 
of the dialogue it implies acceptance of the dominance of the expert'' (Win-
termantel, 1991). An awareness of this asymmetry and its imphcations can 
be regarded as common ground between the communication partners (Stal-
naker, 1978). As a further characteristic feature, Wintermantel (1991) de
scribes the goal orientation of communication: "... the explicit intention of 
the two participants to contribute to a common goal, namely that of equaliz
ing the initial unequal knowledge distribution". However, these characteris
tics are understood as inevitable in such a situation. Apart from the fact that 
some communication tasks and situations where the layperson assumes the 
more dominant role are conceivable (e.g., during the course of an anamnesis 
in the doctor-patient communication), it is questionable whether mutual goal 
orientation can always be assumed, in particular a mutual goal orientation 
where both partners are interested in equalizing the differing knowledge lev
els. A number of conflicting goals are conceivable which may not always 
lead to the expert giving comprehensive expert information. 

As with other roles (e.g., gender roles), notions of the ideal roles of doc
tor and patient have changed over time (Coulter, 1997). Presently, the gener
ally prevailing view is that patients should be (put) in a position where they 
are able to make decisions regarding their health in cooperation with the 
doctor. However, so far, there is little evidence of this happening in practice 
- needs and reality are still poles apart. The traditional roles still seem to 
apply, dominating communication structures. As already mentioned, the 
long-established roles and their accompanying scripting can prevent com
munication from being as effective as it should be. Therefore, it is necessary 
to implement alternative scripts which influence the behavior in the appro
priate manner. 

2.2 Cooperation scripts as explicit instructions 

In contrast to the inherent structuring of communication through social 
roles, instructional principles are implemented when designing goal-oriented 
communication (cooperation scripts are a good example). Instructional de
signs use these scripts primarily to support participants in collaborative 
learning situations so as to encourage the selection of appropriate learning 
and communication strategies. 

Cooperation scripts regulate the sequence and timing of learning and in
teraction activities. "The roles and the nature and timing of the activities of 
the participants are specified." (O'Donnell & Dansereau, 1992, p. 122). For 
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instance, they prescribe when and how one learner should give feedback to 
another learner, and how the latter in turn should react. It is possible to dif
ferentiate between cooperation scripts which focus more on interaction and 
those which focus more on communication content. Ertl, Fischer, and Mandl 
(in press) also differentiate between support for collaborative learning on a 
conceptual level, comparable to the focus on content, as opposed to a socio-
cognitive level, which is comparable to the interaction focus. Interactional 
scripts, which foster appropriate cooperation patterns, are concerned mainly 
with the construction of knowledge. Content-based scripts focus on support
ing the processing of the task content, by, for example, repeatedly asking 
learners to make certain inferences about the text they have studied. 

Hence, cooperation scripts can be characterized as follows: a) they are 
deployed deliberately and b) they contain specific instructions. We therefore 
define this type of scripting as explicit scripting, which directly regulates the 
communication process and the structuring principles of which the commu
nication partners have conscious knowledge. 

Recently, studies have confirmed the effectiveness of various cooperation 
scripts in computer-mediated environments (e.g., the contributions in this 
volume; Dillenbourg, 2005; Rummel & Spada, 2005; Weinberger, Reiserer, 
Ertl, Fischer, & Mandl, 2005). Hence, it can be argued that this form of 
scripting communication situations has proven valid. Due to their explicit 
character, these scripts always create a specific instruction setting which in 
turn demands the communication partners' full attention and a high level of 
motivation. Intervening in a "natural" communication process and structur
ing the process by coercion can, of course, also have negative consequences, 
too. Moreover, Weinberger, et al. (2005) discuss "overscripting effects" 
(compare Dillenbourg & Jermann, this volume) which "may ease the learn
ing task in an exaggerated manner, reducing the complexity of learning 
tasks, and hampering productive discourse of learners" (p.35). Particularly in 
real-life situations, there is a danger that explicit scripts, like cooperation 
scripts, could have these disadvantages (Baker & Lund, 1997). 

2.3 External representations as implicit scripts 

Apart from using explicit scripts for structuring the communication proc
ess, there is also the option of implicit scripting. By means of shared external 
representations (available to both communication partners), it is possible to 
facilitate an implicit structuring of the content of a communication process. 

We believe that the concept of representational guidance suggested by 
Suthers et al. (e.g., Suthers, 2005; Suthers & Hundhausen, 2003) describes 
this script effect, which will be explained in more detail below. In fact, 
Suthers introduced the concept in another context and from another perspec-
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tive, but embedded in the theoretical debate about scripting, representational 
guidance clearly works as implicit scripting. Suthers (2005) uses the concept 
of representational guidance (or affordances) to explain collaborative learn
ing processes in computer-mediated communication. He emphasizes that 
external representations on the one hand constrain the communication proc
esses (in the past, he labeled this effect as representational biases), but on 
the other hand, this restriction may lead to a task relevant focus. For this rea
son, we describe this effect as scripting. Depending on the specific content 
and character of a shared external representation in a collaborative setting, 
the structure and content of the interaction will be guided, 

Suthers and Hundhausen (2003) examine the impact of external repre
sentations on collaborative learning processes. They claim that different rep
resentation formats each have their special characteristics which influence 
the cognitive processes of "readers". Accordingly, the attention necessary to 
acquire information is guided along different paths, depending on the repre
sentation format. In addition to the effects of external representation on indi
vidual learning and problem-solving, the authors assume that external repre
sentations provide special supportive effects in connection with collaborative 
learning scenarios: they (a) stimulate negotiating of meaning (b) provide 
points of reference for abstract concepts and (c) play a role in the implicit 
assessment of common ground. 

Collaborative learning processes and their results depend on the specific 
manner in which external representations have been presented. Depending 
on the format chosen, different types of information are emphasized. Suthers 
and Hundhausen (2003), for example, investigated the influence of three dif
ferent representation formats (graphics, table, text) on collaborative dis
course and learning outcome. Learners were asked to summarize information 
about public health issues, formulate hypotheses and identify relationships, 
with the aim of finding a solution to a particular problem. They were re
quired to perform the task in one of the three representation formats. The 
representation format did, indeed, influence the focus of the discourse. If, for 
example, the information was presented to learners in tabular form, they 
gave valid relationships far more frequently than learners in dyads where 
graphics and texts were used. Furthermore, the representation format influ
enced overall learning success. The influence was strongest for those learn
ers who had worked on the graphic format. The authors argue that not every 
format is equally well suited to a particular task. It could, for example, be 
observed that learners working with the graphic format exchanged many ir
relevant kinds of information as well. 

However representations already containing expert information can also 
influence communication processes. In one of our own studies, we examined 
the impact of external representations on the recipient-orientation of experts 
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in an asynchronous email study (Jucks, Bromme, & Runde, 2003, 2006). 
The investigation entailed medical experts receiving an email inquiry from a 
(fictitious) patient. They had an external representation on hand in the form 
of an illustration containing the expert information necessary for their an
swer. In one condition, they were informed that the same information was 
also available to the patient. In another condition, participants were told that 
the patient did not have the same information. Informing participants of the 
shared availability of the illustration had a significant effect on the choice of 
content used in the explanations: medical experts with a shared illustration 
on hand gave a more detailed answer. They used more technical terms and 
explained more of the specialized interrelationships depicted in the illustra
tion. These results can be interpreted as representational guidance effects. If 
shared, the external representation determines the choice of communication 
content and consequently functions as an implicit content script. Whereas 
Suthers and Hundhausen (2003) pointed out that different representation 
formats lead to different main focuses, Bromme et al. (2005) stressed the 
importance of sharing a representation in a communication scenario. 

As well as establishing a mutual cognitive framework, it can be assumed 
that this implicit form of intervention does not have disadvantages as demo-
tivating or distraction which sometimes come along with explicit forms of 
cooperation scripts. It does not intervene directly in the "natural" communi
cation process. On the one hand, the implicit script of a shared external rep
resentation does not have the negative effects of "classic" scripting in the 
form of explicit cooperation scripts, but on the other hand, it is doubtful 
whether implicit scripting has any effect at all on communication, because it 
is non directive. 

To sum up, we described three kinds of scripting communication. The 
non-deliberative, non-instructional form of scripting through social roles is a 
culturally-formed anticipation of behavioral patterns. It cannot be regarded 
as an instructional intervention and is not limited to a specific communica
tion scenario, unlike deliberative, instructional scripting. This kind of 
scripting is generally introduced by a third party within a collaborative 
learning scenario. We differentiated between two kinds of deliberative 
scripts in instructional settings: explicit and implicit. Explicit scripting 
through cooperation scripts intervene directly in the communication process 
and this may be noticed by the participants. Implicit scripting represents a 
communication structure which is optional and introduced indirectly. 



66 Chapter 4 

3. RESEARCH QUESTIONS 

The results of the abovementioned studies of Suthers and Hundhausen 
(2003) as well as of Bromme, et al. (2005) provide evidence of the impact of 
shared external representation in the form of implicit scripts. In the study 
described below, this impact was tested in a synchronous expert-layperson 
scenario. 

In the above section, an issue in doctor-patient communication was de
scribed and discussed: how can traditionally structured doctor-patient 
communication be shaped toward a more balanced and shared decision-mak
ing? 

The question arises as to whether there are economical efficient ways and 
means of making the communication between doctor and patient more ef
fective by stressing the relevance of content. For this purpose, we draw on 
the concept of representational guidance. If, in doctor-patient communica
tion, a graphic illustration with relevant content is available, are the commu
nication partners more likely to use the information given in this form during 
the discourse? As discussed above, this kind of intervention can be seen as 
an implicit content script. Illustrating the content imposes a certain content 
structure, which leads, in turn, to a formal discourse structure. It functions, 
in effect, as a third "speech partner" which can focus attention on the matter 
at issue again and again, thus helping to create both external and cognitive 
frameworks. 

The representation of relevant content by means of logically-structured 
diagrams seems to be a particularly meaningful form of intervention in the 
context of instructional content scripts. For a communication situation 
between two speech-partners with different knowledge backgrounds, content 
representation by means of a logical diagram, such as a concept map, for 
example, can create an external cognitive framework. 

We build on the results of Suthers et al. (e.g., Suthers & Hundhausen, 
2003) and other researchers (e.g., van Boxtel, van der Linden, Roelofs, & 
Erkens, 2002) and our own email study (Bromme et al. 2005). These studies 
demonstrated the effect of shared external representations or the mutual ex-
temalization of expert content on the discourses structuring in collaborative 
learning settings. This resulted in higher task orientation and suggested the 
following assumption. If an illustration is provided to both speech partners in 
Internet-based doctor-patient communication, it encourages participants to 
use more specialist information during the interaction. In this manner, the 
shared illustration contributes to the success of shared decision-making and 
reduces the conflict arising from traditional social roles. Therefore, the key 
question is as follows: does a shared illustration function as an implicit con-
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tent script and thus support shared decision-making? And how extensive is 
its impact? 

In our study referred to above, we found evidence that shared external 
representations influence the content of asynchronous, Internet-based com
munication settings. We examined the influence of external representations 
in a synchronous communication setting (see also Runde, 2004). 

4. MAIN FINDINGS 

For this purpose, we asked a medical doctor to advise a medical layper
son in a chatroom. In one condition, both doctor and layperson had a concept 
map at their disposal (experimental condition). In a second condition, only 
the doctor had this concept map (control condition). The concept map con
tained various relevant expert concepts and associations (see Figure 4-1). We 
used the CoolModes software (by Hoppe & collaborators. University of 
Duisburg; see Pinkwart, Hoppe, Bollen, & Fuhlrott, 2002) for the environ
mental design. The communication partners in the experimental condition 
were able to make written annotations on the concept map which were also 
visible on the other person's monitor. 

Prior to the communication with the doctor, the medical laypersons were 
instructed to think of themselves as patients who had to make a decision on 
the choice of medication for hypercholesterolemia. They were also told that 
it would be possible for them to consult a medical doctor in the chatroom 
and that after the consultation, they would have to make a decision for or 
against a particular cholesterol-reducing medication. After the chatroom 
consultation, the subjects were asked a few questions and then asked to make 
their decision. We expected the availability of a shared concept map to influ
ence the communication content. 

In all, 36 dyads were examined. Half had a shared concept map on the 
monitor at their disposal (see Figure 4-1). Each dyad consisted of an ad
vanced medical student and a medical layperson, that is, a student studying 
some other non-medical subject. The focus of the assessment was on the 
analysis of formal and, in particular, content-related aspects of the dis
courses. In the experimental condition with the shared concept map, dis
courses were more detailed in terms of the number of words used. Subjects 
also employed more specialist terms in this condition. These results can be 
attributed mainly to the fact that communication partners made more use of 
the specialist terms which were also contained in the map. A similar result 
can be found in the analysis of the specialist arguments. In the experimental 
condition, the medical experts used more specialist arguments and, above all, 
arguments which were also contained in the external representation. How-
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ever, not only the experts were influenced by the shared concept map, but 
also the laypersons. They asked more medical questions about the content of 
the concept map. By contrast, there were no differences between the two 
conditions with regard to personal data given by laypersons and the behav
ioral instructions given by medical experts. 
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Figure 4-1. Environment of the experimental condition 

The results confirm the hypothesis. The shared external representation, 
here in the form of a concept map, exerted a considerable influence on con
tent selection in the discourse. The communication partners were guided to
wards the information depicted in the concept map, making it the content of 
their communication. Additionally and independently of sharing the concept 
map, there seems to be a basic "stock of information" that was conveyed in 
the communication, e.g., the anamnesis information and behavioral tips, and 
a selection of relevant specialist information. However, more extensive ex
pert information was given more often in the experimental condition. 

However, the influence of the shared external representation does not 
extend beyond the immediate subject matter. It could be assumed that the 
increased use of specialist arguments leads to a specialist focus in general 
like a priming effect. However, we are dealing with a very specific effect. 
We did not find a transfer effect. The content of the dyad discourses with the 
shared concept map did not generally include any more expert information. 
It seems, therefore, that the communication process is guided in a specific 
direction. Because of the selection of a control group in which the medical 
experts also had the specialist illustration, we can exclude any notion that the 
experts merely ticked off the information it gave them as a checklist for for-
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mulating their replies. If that had been the case, there would not have been 
any differences between the conditions. 

All in all, the results reveal an implicit script effect analogous to the rep
resentational guidance concept of Suthers and Hundhausen (2003). The 
communication was influenced in the intended manner by sharing the struc
ture and content of the external representation. The communication partners 
used more of the specialist information depicted in the external representa
tion. The constrained effects on the content of the shared external represen
tation also replicate the results from our previous email study (Bromme et al. 
2005). Our earlier study demonstrated an increasing use of the illustrated in
formation in an asynchronous communication setting when the external rep
resentation was shared with the communication partner. 

5. CONCLUSIONS 

The results of our study mentioned above, show that external representa
tions guide discourse and, above all, the content of the medical advice in a 
certain direction and influence the selection of information. The representa
tions influenced the communication between doctor and patient. In this con
nection, the content and the manner in which they were represented play an 
important role in the level and nature of the discourse (compare Jucks, 
Bromme, & Becker, 2006 for the impact of word use in graphic representa
tions on experts' communication). Restrictively, it must be point out that we 
did not analyse real doctor-patient-communication. It is assumed that in such 
communication settings many other factors affect communication such as the 
strong dependence on the doctor, time and institutional limitation, anxiety 
and other emotions on part of the patients etc. From this it follows that we 
can not translate our findings directly into the 'real world' doctor-patient-
communication. Nevertheless we can conclude that comparable effects occur 
different communication scenarios with great knowledge differences be
tween the communication partners. 

Although, apart from one compulsory topic, the tasks were open-ended 
and the intervention was not very directive, the external representation 
contributed towards guiding discourse content in the assumed direction. That 
is, it increased the amount of relevant expert knowledge content in the con
tributions. This is even more remarkable when we consider that no explicit 
request was made to use the representation. In this sense, the external repre
sentation ftinctioned as an implicit content script which determined the is
sues discussed. The results of both the study using asynchronous communi
cation scenarios, and the email study reported elsewhere (Jucks et al., 2006) 
point to this direction. 
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Despite the differences between our study design and that of Suthers and 
Hundhausen (2003), the reported results are quite comparable. Hence, the 
concept of representational guidance can be extended to expert-layperson 
communication scenarios and communicating with already-existing external 
representations. 

The implicit form of scripting tested in this study has the advantage of in
fluencing the communication process in a very unobtrusive manner without 
interrupting it, as is the case with such alternative forms of scripting as co
operation scripts. The specialized information is available to participants via 
the shared external representation throughout the communication. Although 
the shared illustration constantly reminds the speech partners of the meaning 
of certain specialized terms during the course of their communication, it 
does not interrupt them. The illustration becomes part of the "natural" com
munication process. 

The question arises as whether the concentration on the specialized con
tent can be fostered if the communication is scripted explicitly or at least 
partly explicitly. For example, the communication partners might be briefed 
to take the concept map into account during discourse or, as in Suthers' 
learning settings, asked to adapt the relevant content so as to produce a con
cept map themselves. This might probably have been at the expense of other, 
equally relevant discourse content, such as the exchange of anamnesis in
formation and behavioral tips. Therefore, further research is necessary to 
investigate and differentiate between the conditions of those communication 
settings in which external representations are useful and those in which they 
can do more harm than good. 
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SCRIPTING LAYPERSONS' PROBLEM 
DESCRIPTIONS IN INTERNET-BASED 
COMMUNICATION WITH EXPERTS 

Matthias Nuckles, Anna Ertelt, Jorg Wittwer, and Alexander Renkl 
Albert-Ludwigs-Universitdt, Freiburg 

Abstract: In the information age, laypersons have to rely on experts in many domains 
and situations. Expert advice can be invaluable, for example, when new and 
complex software has to be learned, or an unexpected technical problem with 
the computer suddenly occurs. In order to communicate effectively with ex
perts, laypersons should be able to provide the expert with a concise and com
prehensive description of their problem. However, previous research on com
puter helpdesks has shown that laypersons' problem descriptions often suffer 
from a number of serious drawbacks. Their deficient and fragmentary knowl
edge makes it hard for them to formulate their queries in a way that would 
make it possible for the expert to understand their problem. Based on an analy
sis of these deficiencies, a problem formulation script was developed that sup
ports laypersons in describing their problems with the computer. An experi
mental study showed that computer experts reconstructed the actual problem 
from the layperson's description best if the laypersons were prompted to de
scribe successively (1) the aim of their interaction with the computer, (2) the 
steps they had so far undertaken, and (3) a hypothesis why they had failed to 
reach the aim. The script helped the laypersons to provide the expert with the 
relevant context information necessary to develop an adequate mental model 
of the layperson's problem. 

1. INTRODUCTION 

Expertise in using computers, so-called computer literacy, has gained the 
Status of a cultural skill that is regarded almost as fundamental as the ability 
to read and to write (SuB, 2001; Wirth & Klieme, 2002). However, as hard
ware and software become ever more complex and powerful, acquiring ex
pertise in the computer domain remains a daily challenge even for the ex
perienced computer user (Kiesler, Zdaniuk, Lundmark, & Kraut, 2000). 
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Hence, reliance on expert advice can be invaluable, especially, when new 
and complex software has to be learned, or an unexpected technical problem 
with the computer suddenly occurs (Nuckles & Stiirz, 2006; Nuckles, Witt-
wer, & Renkl, 2005). Internet-based helpdesks for hardware and software are 
a common and comfortable way to get expert advice. Such e-consulting ser
vices are maintained, for example, by large companies or university com
puting centers. 

According to Alty and Coombs (1981) as well as Raskutti and Zukerman 
(1997), the users' description of their problem is the very starting point of 
every counseling and information seeking process. Therefore, the effective
ness of the advice the expert can give depends heavily on the user's ability to 
adequately present their query, that is, to provide the expert with a concise 
and comprehensive description of the problem at stake. Transcript analyses 
of face-to-face and asynchronous advisor-user interactions show, however, 
that users tend to be inappropriate in the presentation of their problems (Alty 
& Coombs, 1980, 1981; Coombs & Alty, 1980; Pollack, 1985). They often 
do not know what information they need to obtain in order to achieve their 
goals. Consequently, advisors must identify inappropriate queries and infer 
and respond to the goals behind them (Pollack, 1985). Only if the experts 
succeed in constructing a valid and coherent mental model of the problem 
from the client's description, can they provide instructions that help the user 
to understand and solve their problem. 

Against this background, a scripting approach was developed to support 
laypersons in producing concise and comprehensive descriptions of their 
problems with the computer (Nuckles & Ertelt, 2006). This approach is 
based on the idea that - despite their lack of domain specific knowledge -
laypersons can draw on metacognitive knowledge from everyday problem-
solving (Sinnott, 1989) that may help them generating better representations 
of their computer problems. Thus, the script approach presented in this 
chapter makes use of culturally shared knowledge about everyday problem-
solving (Schank & Abelson, 1977) to support laypersons in their communi
cation with experts in a domain-specific problem-solving context - a situa
tion which is typically experienced as demanding and often also frustrating 
by many laypersons. The script consists of several prompts (Collins, Brown, 
& Newman, 1989; King, 1992) intended to induce the steps necessary for the 
composition of a concise and comprehensive problem description. Hence, in 
some respects, our problem formulation script (PFS) is comparable to King's 
guided strategic problem solving (GSPS) procedure (cf King, this volume). 
However, whereas King intended to promote students' problem solving suc
cess by scaffolding their interaction when solving complex problems, our 
main intention was to help laypersons improving their description and pres
entation of computer problems to a computer expert. 
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Inasmuch as the problem formulation script is intended to support the 
layperson in representing the semantic aspects of a problem according to a 
prescribed sequence of steps, it can be classified as a content-based script 
(Weinberger, Fischer, & Mandl, 2003) or content schema (cf. Ertl, Kopp, & 
Mandl, this volume). Nevertheless, its primary objective is to facilitate the 
layperson's communication with the expert. The prompts used in the script 
are derived from empirical analyses of the deficiencies typical of laypersons' 
problem descriptions. The question of whether they can successfully com
pensate for these deficiencies was addressed by an experimental study. The 
major findings of this study will be reported in this chapter (for a complete 
account cf Niickles & Ertelt, 2006). 

2. UNFAVORABLE FEATURES OF LAYPERSONS' 
PROBLEM DESCRIPTIONS 

Compared to expert users, laypersons may be in a more difficult situation 
when seeking advice. Their deficient and fragmentary knowledge makes it 
hard for them to formulate their queries in a way that would make it possible 
for the advisors to understand their problem (Allwood, 1986). Alty's and 
Coombs's (1981) classic analysis of advisory interactions shows that the 
query is usually presented in a single and brief utterance, which is rarely 
questioned by the advisor. Rather than providing the advisor with a detailed 
description concerning the aim of their interaction with the computer and the 
actions they have so far undertaken to accomplish this aim, lay users prefer 
to present a particular portion of their problem that often fails to convey its 
real nature. In order to be brief (cf maxim of manner; Grice, 1975), a layper
son typically fails to provide enough context when presenting their query 
(Clark & Carlson, 1981), thus making comprehension hard for the expert 
(e.g., "I don't understand why I haven't got any output; there aren't any error 
messages"; Alty & Coombs, 1981, p. 29). A layperson often fails to mention 
key concepts indispensable for comprehending the problem (e.g., which ap
plication program or which operation system is the user actually referring 
to?), or simply assumes that the helpdesk expert is able to see what they see 
on their screen (e.g., "I have clicked on that button, but nothing hap
pened..."). The task of formulating their problem is cognitively very de
manding because the layperson normally lacks the specialist knowledge nec
essary for generating an adequate representation of the problem. Besides the 
deficits of providing insufficient context information, it is another frequent 
drawback that, instead of giving a description of what has happened and 
what is observable, laypersons tend to present their opinion about the nature 
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or possible solutions of the problem, which is often misleading (Alty & 
Coombs, 1981; Pollack, 1985). 

In face-to-face communication, most of the above mentioned deficits 
concerning the laypersons' problem descriptions can be compensated by 
clarification questions the advisor asks in response to the user's initial query 
(Aaronson & Carroll, 1987). However, such grounding behavior (Clark & 
Brennan, 1991) can easily be realized in verbal communication, but is less 
feasible in asynchronous email communication where the opportunity to 
provide feedback is seriously limited. First, the costs of producing a mes
sage, for example, a clarification question, are higher compared with verbal 
communication, because every message has to be typed on the keyboard 
(Clark & Brennan, 1991). Second, nonverbal feedback is practically impos
sible because the communication partners can neither see nor hear one an
other (lack of visibility and audibility). Third, there is often no set sequen-
tiality of a message and its reply, which makes comprehension harder. 

Considering the deficiencies of lay users' problem descriptions on the 
one hand, and the constraints of asynchronous communication as set out by 
Clark and Brennan (1991) on the other hand, it is evident that the layper
son's initial presentation of the problem is crucial with regard to the effec
tiveness and the potential success of the advice the expert will be able to of
fer. The more detailed and comprehensively the laypersons describe their 
problem, the easier it should be for the expert to correctly diagnose the 
"real" nature of the problem - and the more effectively the computer expert 
would be able to help the client. Hence, laypersons who consult a helpdesk 
expert should be supported in stating their problem as detailed and com
pletely as possible right from the start of the advisory dialogue. The problem 
description should in particular represent the user's problem as closely as 
possible so that the expert can infer a complete and coherent mental model 
of the problem. 

3. SUPPORTING A LAYPERSON IN PROVIDING 
PROBLEM DESCRIPTIONS 

How could such a support method operate? It certainly cannot replace the 
domain-specific problem-solving competence, which the layperson does not 
possess. Laypersons typically seek advice from a computer expert in order to 
solve or get solved a concrete computer problem. However, in doing so, lay
persons unlike novices usually do not intend to become a computer expert 
(cf Patel et al., 1999, and Bromme, Rambow, & Nuckles, 2001, for the dis
tinction between the notions of novice and layperson). Hence, the aim cannot 
be to turn the layperson into a computer expert. However, problem-solving 
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theory distinguishes between so-called weak problem-solving strategies, 
which are domain-independent and strong strategies, which are domain-spe
cific (Jonassen, 2000). Typically, strong strategies are used by domain ex
perts. Weak strategies, on the other hand, such as general heuristics like 
means-ends analysis, are usually part of the everyday problem-solving com
petences of laypersons (Arlin, 1989). A key element of means-ends analysis 
is, for example, the comparison between the desired target state and the ac
tual knowledge state. This heuristic is particularly relevant for the formation 
of a problem representation. The problem solver tries to summarize the ac
tual state of the problem (e.g., "How far have I already come, which are the 
barriers that prevent me from proceeding?") and formulates the desired goal 
state ("Where do I want to get to?"). Inasmuch as such a general, that is, do
main-independent, heuristic for generating problem representations can be 
assumed to be part of the metacognitive knowledge of laypersons about 
everyday problem-solving (Arlin, 1989), it should be possible to support 
laypersons in applying this heuristic to their description of problems in the 
computer domain. 

According to this rationale, the laypersons should specifically be sup
ported in formulating the goal they want to reach through their interaction 
with the computer. They should further be encouraged to provide a detailed 
description of their actual problem state, including, for example, information 
about the software or the operating system they are working with, and the 
actions they have so far executed in order to reach the intended goal or solve 
the problem. Supporting laypersons this way should counteract their inclina
tion to merely present a single portion of their problem as has been observed 
by Alty and Coombs (1981). Thus, helping laypersons to apply familiar heu
ristics from everyday problem-solving to the description of their computer 
problem, should result in more representative and comprehensive problem 
descriptions, which are easier to reconstruct for the computer expert. This 
approach might be successful precisely because it makes use of laypersons' 
preexisting metacognitive knowledge about representing problems. Helping 
the layperson to conceive of a difficult problem in terms of a familiar 
scheme might also facilitate learning of how to compose representations of 
problems in the computer domain. 

4. THE PROBLEM FORMULATION SCRIPT 

How could such a support method concretely look like? Inasmuch as lay
persons can be assumed to possess the relevant metacognitive knowledge 
necessary for the composition of concise and comprehensive problem de
scriptions, it seems to be promising to prompt them how to proceed in for-
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mulating the problem. For this purpose, we provided laypersons with a 
problem formulation script that comprised several prompts. Each prompt 
was designed to trigger a different aspect of the problem description. In the 
context of our study, these prompts can be termed as strategy activators 
(Reigeluth & Stein, 1983) because they were intended to elicit specific 
problem solving activities that laypersons should in principle be capable of 
doing but which they do not spontaneously demonstrate, or demonstrate to 
an unsatisfactory degree (King, 1992; Pressley et al., 1992). We conducted 
an experimental study in which we tested two different versions of the 
problem formulation script. Both versions contained the same four prompts: 
First, the laypersons were asked to be as explicit and detailed as possible 
about their problem. Second, on a more concrete level, the laypersons were 
prompted to explain their goal they wanted to accomplish with the computer. 
Third, they were prompted to list their previous actions and to describe what 
they actually see on the computer screen. Fourth, they were also encouraged 
to speculate about a probable cause concerning their failure to accomplish 
the task. This last prompt was introduced to do justice to the users' inclina
tion to present their inferences about the cause of the problem. However, 
because the contrast between this prompt and the previous ones made the 
difference between inference and description explicit, the tendency of 
mainly presenting inferences instead of observable facts and actions should 
lessen accordingly (cf. Figure 5-2). 

It should be noted that this approach to support laypersons' problem de
scriptions by means of a problem formulation script is similar to the way 
process worksheets are used in recent computer-based instructional ap
proaches to guide instruction (cf van Meerienboer, 1997). Like the problem 
formulation script suggested here, process worksheets provide a description 
of the phases one should go through when solving a problem as well as hints 
or rules of thumb that may help to successfully complete each phase. How
ever, process worksheets are typically employed to help novice students 
adopt "strong" domain-specific problem solving strategies (cf Nadolski, 
Kirschner, van Meerienboer, & Hummel, 2001). The script approach sug
gested here, however, encourages laypersons to apply a weak and domain-
independent strategy, which they are familiar with, to their description of 
problems in the computer domain. 

The two versions of the script differed in the sequencing of the prompts 
offered to the layperson (KoUar et al., in press). In the non-sequenced ver
sion, the prompts were listed in the header of the email form sheet and the 
layperson was encouraged to start by carefully reading through all prompts 
and to bear each in mind while composing the problem description. The se
quenced version, in contrast, required the laypersons to respond to each 
prompt separately in succession (except for the first prompt which referred 
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to the general style of how to write the description rather than to a particular 
semantic aspect of it). We introduced this experimental distinction regarding 
the sequencing of the prompts because we wondered whether asking the lay
persons to keep the prompts in working memory during text production 
might demand too much of them. Consider that laypersons are typically not 
used to describing their computer problems according to the schema outlined 
above - although they may in principle be capable of doing so. Thus, as the 
non-sequenced prompting version required the laypersons to keep the 
prompts in working memory during text production, this additional demand 
might impair the quality of the descriptions. The sequenced version, in con
trast, encouraged the layperson to proceed in a step-by-step fashion and each 
prompt could be dealt with individually. Hence, only one prompt at a time 
had to be kept in working memory and no decision was required from the 
layperson concerning the linearization of the text (cf Levelt, 1989), that is, 
the sequence by which the prompts were processed. 

5. TESTING THE PROBLEM FORMULATION 
SCRIPT EXPERIMENTALLY 

5.1 Research questions 

In our experiment study (cf Ntickles & Ertelt, 2006), we addressed the 
basic question whether a problem formulation script as outlined above would 
effectively support laypersons' composition of problem descriptions in the 
computer domain. In concrete terms, we expected that the script should 
counteract laypersons' tendency to be too brief ("maxim of manner"; Grice, 
1975) and to describe merely a particular portion of the problem (Alty & 
Coombs, 1981). Consequently, laypersons following the script should pro
duce more extensive problem descriptions compared with laypersons having 
no script available (extensiveness prediction). While extensiveness is pri
marily a quantitative aspect of problem descriptions, it is of course important 
to show that the script also improves the quality of the descriptions. The pre
vious theoretical discussion suggests that representativeness is a central 
qualitative aspect of problem descriptions. It can be defined as the extent to 
which a layperson's description reflects her or his actual problem state. 
Thus, we predicted that prompting the laypersons to report their goal, the 
actions previously accomplished, as well as what they see on the screen, 
should particularly improve the representativeness of the problem descrip
tions compared with a control condition without any prompts available {rep
resentativeness prediction). Consequently, more extensive and more repre
sentative problem descriptions should make it easier for computer experts to 
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reconstruct the layperson's problem from the written description (quality-of-
reconstruction prediction). This prediction concerning the quality of recon
struction is crucial because counseling a layperson in asynchronous 
communication settings usually implies that the advisor is blind to the cli
ent's actual situation and has to reconstruct the client's problem from the 
client's email. 

Beyond the basic question regarding the effectiveness of a problem for
mulation script, we asked on a more specific level whether the sequencing of 
the prompts would make a difference. In particular, we expected that the se
quenced prompting version should be more advantageous than the non-se-
quenced version {sequencing prediction) because in the sequenced prompt
ing condition the laypersons were encouraged to work off each prompt indi
vidually. Accordingly, formulating a problem description should be less de
manding because only one prompt at a time had to be kept in working mem
ory and no decision was required concerning the linearization of the text. 

5.2 Participants and research design 

Laypersons were recruited among undergraduate students of psychology. 
Experts were recruited among advanced students of computer science. The 
participants' expertise status as experts or laypersons was ascertained by a 
questionnaire that included self-ratings of computer expertise and estima
tions regarding the frequency of computer software usage. In order to test the 
effectiveness of our scripting approach, a one-factorial between-subjects de
sign was used with "prompting version" as the independent variable: For the 
task of writing problem descriptions laypersons received either a) no 
prompts {non-prompting condition), b) prompts without a specified sequence 
{non-sequenced prompting condition), or c) prompts with a specified se
quence {sequenced prompting condition). Dependent variables included the 
extensiveness of the problem descriptions as measured by the number of 
words, their representativeness in respect to the layperson's actual problem 
state, and the quality of reconstruction, that is, the extent to which the ex
perts were able to reconstruct the layperson's actual problem from the de
scription of it. 

5.3 Materials and procedure 

The laypersons worked individually on a personal computer equipped 
with the application software required for solving several experimental tasks. 
These tasks covered problems one typically encounters when using common 
desktop software such as Microsoft Word, Microsoft PowerPoint, Adobe 
Acrobat Reader and graphics software such as Adobe Photoshop (for an ex-
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ample, see Figure 5-1). The tasks were selected in a preexperiment in which 
the difficulty for laypersons of a large number of tasks was determined. Only 
tasks were selected which could not be solved by any of the participants of 
the preexperiment. 

Please Tiy to imitate the following slide. Your copy should look exjictly like the original. Use 

the program ,,Micros.oft PowerPoint̂ '. 

Questions 

• Will the experiment 
take much longer? 

• Will I be rewarded? 

If you can't •iolve the task, please write an e-mail to the helpdesk expeit and describe your 

problem. 

Figure 5-1. Example task of the experiment. 

In the experiment, the laypersons tried to solve each of the six tasks one 
after the other. The maximum time to be spent on a task was 5 minutes. 
When the time was up, the experimenter asked the participants to prepare an 
email for the helpdesk and describe their problem so that a computer expert 
who is unknowledgeable of the participant's problem situation would be able 
to give advice. Participants were given 10 minutes to finish their problem 
description email before the next task had to be tackled. For each problem 
description, a separate email form sheet in Microsoft Outlook format had 
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been prepared. In the non-prompting condition, the text fields of the Micro
soft Outlook form sheets were blank. 

QMd fiMTtetm trmt smgtn Fonrui E&tnt AMJinen 2 

«ft- I (aaaettf .ttfrtcttWtetfgtA 

Please be as explicit and as detailed as possible! 

Please explain the goal you want to achieve with the computer! 
Eumpte 1 woni to print ojt a WorO cJocu<non| 

Report everything you've done in order to solve your task and teH what you actualy see on your screen! 
EiatncM I setocwd ,onnr m I M rnenoe .fite'&rrr Then i oressed th« OK Oiitton t macio sure tnat tny punter is switchod on and tn«t the CBM» cooneciing pnrttor 
and coniDUtef is m place. fJo pr(^}tom raoori was displayed 

Do you have any idea what caused your problem? 
EiBmt)te: I think my doc jment is too l>ig twcauso I hav« integrated many images 

Figure 5-2. Screenshot of the sequenced prompting version. 

In the non-sequenced prompting condition, the four problem description 
prompts were presented in the upper part of the text field. The meaning of 
each prompt was illustrated by an example except for the general prompt, 
which emphasized explicitness and detailedness. The prompts were accom
panied by an introductory sentence, which asked the participants to carefully 
read the four prompts and to use them in formulating their problem descrip
tion. The same four prompts and the accompanying sentence were also used 
in the sequenced prompting condition. However, the difference was that the 
sequenced version encouraged the participants to process the promptings 
separately and one after another. This was accomplished by providing a 
textbox, directly below each prompt, in which the participants could write 
their answer. Of course, there was no textbox for the explicit-
ness/detailedness prompt because it referred to the manner of writing and not 
to a specific semantic feature of the problem description such as goal state or 
actions. Figure 5-2 presents a screenshot of the form sheet used in the se
quenced prompting condition. 

In the second part of the experiment, the laypersons' problem descrip
tions were given to computer experts who were ignorant to the tasks the lay-
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persons had tried to solve. Each expert received the problem descriptions of 
one layperson only because every layperson had treated the same set of 
computer tasks. This assured that the set of problem descriptions an expert 
had to evaluate referred to different computer tasks. Thus, the problem de
scriptions did not overlap or complement each other, which might have con
siderably facilitated the reconstruction of the underlying task. The prompts 
in the corresponding experimental conditions were removed from the email 
form sheets the laypersons had used for delivering their descriptions. Hence, 
merely the text that the layperson had produced was available to the experts. 
This was done in order to make the descriptions produced in the prompting 
conditions comparable to those in the non-prompting condition. The experts 
were asked to reconstruct the layperson's specific problem from each of the 
problem descriptions at hand. The instructions told them to write down in 
complete sentences what they thought the layperson's problem would be and 
to be as explicit and elaborate as possible in doing so. 

Coding. Two blind and independent raters determined the degree to 
which a layperson's problem description matched the corresponding "objec
tive" reference description on a 5-point rating scale. The quality of the ex
perts' reconstructions was determined in a similar way. The interrater 
reliability for both rating scales was very good. 

6. MAIN FINDINGS 

6.1 Test of the extensiveness prediction 

The extensiveness of each individual problem description was deter
mined by counting the number of words. To test the extensiveness predic
tion, an a priori contrast was calculated, which compared the mean of the 
two prompting conditions with the non-prompting condition. The test of this 
contrast was highly significant and yielded a large effect. Evidently, sup
plying laypersons with a script how to proceed in describing the problem in 
fact led them to produce more extensive problem descriptions than layper
sons who had no script available. 

To examine the sequencing prediction, that is, sequenced prompting re
sults in more extensive descriptions than non-sequenced prompting, another 
planned contrast was calculated. The analysis showed that the descriptions in 
the sequenced prompting condition were indeed significantly more extensive 
than the descriptions in the non-sequenced prompting condition. Neverthe
less, the non-sequenced version compared with the non-prompting version 
substantially raised the extensiveness of laypersons' descriptions as well. 
Thus, both prompting versions effectively influenced the extensiveness of 
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the laypersons' problem descriptions. The sequenced prompting version, 
however, which required the laypersons to elaborate on each prompt sepa
rately one after the other turned out to be the most successful method. 

6.2 Test of the representativeness prediction 

To test whether the availability of prompts improved the representative
ness of the problem descriptions {representativeness prediction), another a 
priori contrast was computed, which compared the mean of the two prompt
ing versions with the non-prompting version. This contrast was also signifi
cant and yielded a large effect, thus showing that the provision of prompts in 
fact helped the laypersons to produce problem representations that were sub
stantially more representative of the underlying problem than the descrip
tions of laypersons in the non-prompting version. 

Analogous to the previous analysis of the extensiveness scores, the sec
ond contrast test showed that the problem descriptions in the sequenced 
prompting condition were clearly more representative than the descriptions 
in the non-sequenced prompting condition. However, at the same time, the 
non-sequenced prompting condition did not significantly differ from the 
non-prompting condition. Hence, providing laypersons with a script that told 
them how to proceed in describing their computer problem did not per se 
enhance the representativeness of the descriptions. Only when the laypersons 
were encouraged to process the prompts in a prescribed sequence could the 
prompts unfold their potential to effectively support the layperson's text 
production. 

6.3 Test of the quality-of-reconstruction prediction 

Finally, we tested whether the descriptions produced in the prompting 
conditions facilitated the task for computer experts - ignorant to the com
puter problems - to reconstruct the layperson's actual computer problem 
from the mere description of the problem. The planned comparison of the 
two prompting versions with the non-prompting version clearly confirmed 
our prediction: Prompted problem descriptions facilitated the reconstruction 
of the problem compared with non-prompted descriptions. Consistent with 
the previous results, the effect on the quality of reconstruction was mainly 
due to the sequenced prompting version. Accordingly, the sequenced 
prompting condition clearly differed from the non-prompting condition, but 
there was no significant difference between the non-sequenced prompting 
condition and the non-prompting condition. All in all, these results under
score the conclusion that simply offering laypersons a script without pre
scribing the sequence when to process the individual prompts was not suffi-
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cient to improve the quality of their problem descriptions. Instead, the 
prompts had to be processed by the layperson one after the other in order to 
improve the quality of the descriptions and their comprehensibility for ex
perts who had no direct access to the problem that was described. 

7. DISCUSSION 

The experimental study provided clear evidence that the problem formu
lation script effectively supported laypersons in how to describe their prob
lems with the computer. Both the extensiveness and the representativeness 
prediction were confirmed. Accordingly, the prompted problem descriptions 
were significantly more extensive and they represented the underlying prob
lem much better compared with descriptions that had not been prompted. 
Consequently, in line with the quality-of-reconstruction prediction, it was 
considerably easier for computer experts to reconstruct the problem from the 
layperson's written description. Evidently, the promptings helped to remedy 
typical deficiencies of laypersons' problem descriptions. First of all, they 
counteracted laypersons' tendency to be too brief when presenting the help-
desk a problem (cf Alty & Coombs, 1981). Second, laypersons' descriptions 
were substantially more representative; thus, the tendency to report only a 
particular portion of the problem was lessened (cf Alty & Coombs, 1981). 
Third, experts who were completely blind to the layperson's problems were 
much more successful in developing a mental model of the problem from the 
laypersons' descriptions. Hence, the script apparently supported the layper
sons in writing descriptions that were less misleading (cf Pollack, 1985), 
less incomplete (e.g., lack of key concepts) and less egocentric with regard 
to the way they were formulated. It is noteworthy that in the non-prompting 
version, the match between the reference description of a problem and an 
expert's reconstruction (i.e., the quality of reconstruction) was 42% on aver
age whereas in the sequenced prompting condition it was raised to almost 
68%. 

Nevertheless, it has to be emphasized that the prompts were mainly ef
fective when presented in a sequenced version. Although the non-sequenced 
prompting version raised the extensiveness of the laypersons' problem de
scriptions, it had practically no effect on the representativeness of the de
scriptions and, even more importantly, on the experts' ability to reconstruct 
the problem. Consequently, just asking laypersons to report the goal they 
want to reach, to tell the actions undertaken so far and their idea of the rea
son for their failure, did not affect the quality of their text production unless 
they were encouraged to answer each prompt separately one after another. 
Asking the laypersons to work off each prompt individually and consecu-
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lively evidently facilitated the task to produce representations of problems in 
a domain where the participants had only a very low level of experience. 

It may be speculated that the way the sequenced problem formulation 
script supported laypersons in describing computer problems is comparable 
to the way process worksheets guide students' problem-solving activities in 
computer-based learning environments (cf Nadolski et al., 2001; van Mer-
rienboer, 1997). Accordingly, it is possible that the sequenced version of the 
problem formulation script reduced the cognitive load induced by the de
mand to keep the prompts in working memory during text production 
(Sweller, van Merrienboer, & Paas, 1998). However, it has to be acknowl
edged that we did not measure cognitive load in this experimental study. 
Thus, future research is needed in order to identify the exact cognitive 
mechanisms that mediated the effectiveness of the sequenced version of the 
problem formulation script. 

What are the broader practical and theoretical implications of this re
search? Guiding laypersons' problem descriptions by a problem formulation 
script has proved to be a successful approach to support asynchronous com
munication between computer experts and laypersons. Interestingly, the re
search by Alty and Coombs (1981) suggests that the script approach pre
sented here might also be useful to support face-to-face counseling. In most 
of the conversations they analysed, a stage where the advisor tried to clarify 
the user's query was lacking (Alty & Coombs, 1981). Thus, given that in 
face-to-face settings advisors tend to abstain from questioning the clients' 
presentation of their problem, it seems to be crucial that the clients present 
their problem as adequately and comprehensively as possible. In order to 
support the clients' problem descriptions in face-to-face communication, a 
problem formulation script could be used by the advisor to initiate the advi
sory dialogue with the client. Accordingly, the promptings could serve ex
pert and client as a collaboration script that supports the presentation phase 
of advice-giving dialogues (Alty & Coombs, 1981). On the other hand, in
asmuch as the advisors consciously use the prompts to initiate and control 
the dialogue with the client, they may be stimulated to monitor more care
fully their own understanding of the client's problem. Hence, scripting 
communication between computer experts and laypersons that way may not 
only support the presentation phase but also the clarification phase of the 
advisory dialogue. 

Another implication of the script approach presented here refers to the 
theoretical distinction between effects with the script and effects o/the script 
(Salomon, 1993). In the present experiment, our main intention was to in
vestigate the effects with the script, particularly, whether the availability of 
the problem formulation script in the email form sheet would facilitate the 
task of writing more representative and more comprehensive problem de-
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scriptions. However, it might be further interesting to investigate the effects 
o/the script, for example, whether its availabihty and continued application 
triggers the internalization of the script and thereby - on the long run - im
proves laypersons' ability to generate problem representations in the com
puter domain (cf. the chapters by King, this volume, and Rummel & Spada, 
this volume). Hence, experimental settings would be interesting where lay
persons' ability to create problem representations is assessed after the 
promptings have been faded out (cf Collins et al., 1989). Last but not least, 
future research should also explore the generalizability of the problem for
mulation script. While the script presented in this chapter might easily apply 
to slightly different technical domains, such as electronic devices, supporting 
laypersons in communication with experts in other knowledge domains 
seems to be of equal importance. As there is, for example, a growing reli
ance on health-related information in the Internet, laypersons in this domain 
could also benefit from improved problem descriptions that allow experts to 
give more effective and individualized medical advice (see Runde, Bromme, 
& Jucks, this volume). Future research is needed to investigate this promis
ing avenue to supporting laypersons communication with experts. In conclu
sion, one can say that laypersons should by no means act as a passive recipi
ent in communication with experts. Rather, it has been our intention to show 
that despite their lack of domain specific knowledge laypersons can actively 
contribute to reaching their goal of getting adequate and satisfactory expert 
advice. 

AUTHOR NOTE 

The data reported in this chapter was collected by Anna Ertelt as partial 
frilfillment of the requirements for her Diploma degree at the University of 
Freiburg. All data were completely reanalyzed in preparation for this book 
chapter. We would like to thank Kristen Drake for her proofreading as a na
tive speaker. 
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Chapter 6-Discussion 

BEING TOLD TO DO SOMETHING OR JUST 
BEING AWARE OF SOMETHING? AN 
ALTERNATIVE APPROACH TO SCRIPTING IN 
CSCL 

Friedrich W. Hesse 
Knowledge Media Research Center, Tubingen 

Abstract: It might be easily accepted that learning and understanding can be positively 
influenced by some forms of social interaction. In the past, different aspects of 
social interaction have already been proposed for this purpose. The concrete 
form of social interaction can be communicated or even enforced by providing 
a script or might be subject to an individual process of self-guidance which is 
based on being well informed about the partner, the situation, and the devel
opment of the ongoing social interaction. Some chapters of this book as well 
as this one address these alternatives. 

In this chapter, I will try to go beyond a mere summary of the contribu
tions in this part of the book. What follows can rather be characterized as a 
reflection on very basic alternative strategies for influencing computer-sup
ported collaborative learning. However, before explaining the essence of 
these alternative strategies and discussing how the studies reported above 
actually make use of them, I would like to bring to mind some premises on 
which they are built. In the following I try to sketch a rough framework that 
outlines the underlying rationales. 

What has to be kept in mind first is that from the perspective taken here, 
learning is the final goal of the activity and all other accomplishments, 
above all good collaboration, are only means to this end. This has to be 
stressed explicitly in order to differentiate this perspective from others that 
view collaboration as an end in itself This is another strand of research ad
dressing the fact that many activities in education and work life build upon 
the ability to cooperate and collaborate effectively. In particular, members of 
collaborative dyads or teams have to make sure that they understand each 
other quite well, know enough about each other, each other's prior knowl-
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edge and way of understanding (mental representations etc.). Clark's (1996) 
interest in the "common ground" that is built when partners communicate 
has, for instance, proven to be a very fecund approach to research precondi
tions for efficient collaboration (see also Clark & Marshall, 1981). CSCL 
research has taken up this line of thought by investigating the support and 
constraints that computers can bring into collaborative scenarios. Thus, col
laboration as a more generic topic is addressed as well as the special case of 
having the support of a computer. This line of research includes studies 
about shared knowledge distributed over people as well as over technical 
databases. 

On the other hand, research focusing more exclusively on learning re
gards collaboration as a mere vehicle to make cognitive processes of learn
ing and knowledge building more explicit, more reflective, and more struc
tured - which might otherwise not occur or only in a less intensive way. As a 
vehicle to improve learning and knowledge processes, slightly different 
forms of collaboration might be required, which raises again the question of 
how to influence the process of collaborating and thus of learning appropri
ately. Again, this generally applies to situations both with and without com
puter support. But not in the same way: if a computer is available, other 
forms or conditions of collaboration have to be taken into account. Consid
ering that computer-mediated collaboration might be an extra task and cause 
extra cognitive load, the goal to benefit from using the computer might not 
be easy to reach in the context of CSCL. 

What we know up to now is thus that fostering interaction for the sake of 
learning might mean something different than fostering interaction in its own 
right and that, additionally, anything we can say about the matter must be 
differentiated further as soon as computers are involved. But before turning 
to the issue of computer support, let's consider for a moment the underlying 
premise of why collaboration or, more generically, social interaction is at all 
relevant to learning. 

The very idea that social interaction and learning or knowledge processes 
are genuinely linked is quite widespread and shows up in quite different 
forms. An instance is Hutchins' (1995) single-system perspective which 
considers interacting persons, their interactions and objects (artifacts) as a 
single socio-technological system. In this framework, individual actions are 
always seen from the angle of the whole unit. Another perspective which 
also considers a group (and its technical possibilities to store information) 
acting as a whole is Wegner's (1987, 1995) transactive memory approach 
where someone just knows where something can be found, be it in a techni
cal database or in the knowledge base of other persons. Subsequently, per
sons can collaborate in a way allowing knowledge to be stored in different 



6. Being told to do something or just being aware of something? 93 

persons or technical sources under the condition it will be accessible in the 
future. 

Turning to the classics of education theory, it is Vygotsky (1978) who 
points out that even processes happening within a single person are always a 
consequence of inter-psychological social processes. One interpretation of 
his zone of proximal development looks at the difference in the state of 
knowledge of an individual learner to that of a more advanced other person 
(e.g., a teacher). The benefits of the diversity which social interaction entails 
are also emphasized in the tradition of Piaget (Piaget & Inhelder, 1969; 
Doise & Mugny, 1984). Based on his assimilation and accommodation ap
proach, it is assumed that a cognitive conflict comes up more often in a so
cial situation and can cause active and reflective ways of solving the conflict 
which then can lead to deeper understanding and better learning. 

Social interaction as a means of deeper elaboration has also been the 
main idea of O'Donnell and Dansereau's (1992) "scripted cooperation" ap
proach, which leads us to the more detailed ideas of how exactly social inter
action must be designed to result in better learning. To achieve this goal, two 
learners are shifting the role of explaining (summarizing and giving exam
ples) and listening (giving feedback in form of asking for clarification). 

Collins, Brown, and Newman (1989) and Palincsar and Brown (1984) are 
not part of the tradition of scripted cooperation, but develop somewhat 
similar approaches by also starting from a social situation and determining 
who does what - this time by assigning roles. One could even call these ap
proaches special forms of scripting. The Cognitive Apprenticeship approach 
by Collins et al. starts with the social interaction between a tutor and an ap
prentice and is followed by a script dealing with the collaboration between 
the two when following the sequence of modeling, coaching, and scaffold
ing. In each step there is a clear division of labor which serves the purpose of 
teaching by the tutor and learning by the apprentice. The "Reciprocal Teach
ing" approach by Palincsar and Brown is mainly applied to text understand
ing but follows a similar idea concerning social interaction to support learn
ing and understanding and offers a similar script as Collins et al. 

Up to now, one can assume that there is a benefit when becoming en
gaged in some structured forms of social interaction with the purpose of 
learning and further knowledge processing. However, we did not explicitly 
discuss the use of computer-supported ways of collaboration. In general, this 
will bring up the question if things are just similar or different, better or 
worse when we use computer support. There might be no single general an
swer to it as it depends on the concrete form of social interaction. However, 
there are some features of computer support which, if brought to bear, can be 
beneficial for collaborative learning. To a certain extent, these features have 
to do with overcoming space and time limitations. But there's more to it than 
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just simply being at different places at different times when collaborating. 
Especially having control over the time dimension allows to stop a process, 
trace it back and revise something and thus become more reflective. Fur
thermore, face-to-face communication and collaboration without any techni
cal means does not allow for having permanent protocols to refer to or to 
read again. This also might lead people to write better structured and organ
ized messages because they know they are permanent. And, finally, com
puter-mediated scenarios offer opportunities for guiding and influencing the 
interaction that face-to-face cannot provide. 

This leads directly to considerations about how one can make sure that, 
by using the means of a computer, collaboration is beneficial for learning 
and understanding. At this point, two different strategies could be taken. 
Strategy I (which I refer to as the 'scripting approach') assumes that the de
signer has enough and solid knowledge about what is the right way, the best 
procedure, the best support to guide an output-oriented collaboration. If this 
is true, it would be possible either to tell or instruct subjects how to proceed 
or to design a computer-based environment in a way that certain procedures 
are enforced or at least elicited. Subjects are thus guided or scripted to fol
low the right procedure. 

This strategy has to face a couple of possible drawbacks: 

• The "right way" might be wrong 
• The "right way" might be quite different for different persons and differ

ent conditions/situations 
• The "right way" might be a good advice only for a very limited time, e.g., 

in the very beginning 
• The "right way" might lead to less motivating activities 
• The "right way" asks for following certain rules and is thus adding to the 

cognitive load of the learner and distracting from the "real task" to be 
done. 

What could be an alternative to scripted cooperation? Just not scripting 
the cooperation? In CSCL, this doesn't seem to be an option as the need for 
a coordinating structure appears to be even more urgent in computer-medi
ated settings than in face-to-face ones. In that respect, computer mediated 
communication is deficient as compared to face-to-face communication. So 
there is a need to compensate for it. However, the compensating features 
implemented in the computer environment at the same time offer a potential 
for influencing interactions that face-to-face situations cannot provide. Both 
the 'scripting approach' and the alternative strategy which I will present in 
the following exploit this unique potential, but they do it in different ways. 

Strategy II, which I will call the "awareness approach", differs from the 
scripted cooperation approach in strategy I. Awareness might be defined as 
the perception of or knowledge about situational affordances (Buder & 
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Bodemer, 2005), or as simply "knowing what is going on" (Endsley, 1995, 
p. 36). 

This approach does not deliver explicit instructions, but instead enriches 
the available information about the group, participation of group members, 
activities, and e.g., even interest of the collaborators. Strategy II relies com
pletely on making relevant features of the collaborators and activities 
"aware" and expecting that the collaborators either know themselves how to 
proceed or are able to develop a good way of collaboration by themselves 
(Gutwin & Greenberg, 2002). 

Awareness also has to take into account that, in order to avoid cognitive 
overload, only that information should be made available/aware which can 
be helpful to adequately organize one's own proceeding. This of course is 
based on a difficult decision to be taken. The technology itself might be 
much more powerful than human senses are in a face-to-face setting. Thus, 
in principle, it would be possible to deliver a broad range of measures as 
there is e.g. 

• group awareness (who is around, who is active and participating and to 
which extent), 

• situation awareness (where one is located, how the conditions are and 
what a task looks like), 

• history awareness (how have things developed, what has been done be
fore). 

For other forms or taxonomies of awareness see Gross, Stary, and Totter 
(submitted), Gutwin and Greenberg (2002), Jermann, Soller, and Miihlen-
brock (2001), Carroll, Neale, Isenhour, Rosson, and McCrickard (2003). 

Publishing a book about "Scripting Computer-Supported Collaborative 
Learning" has to reason about these two strategies. This book does it and 
especially in this section. All four chapters address scripting as well as be
coming self-regulated as it is needed if the learner is not told, but just being 
aware of something. In the following overview, I will not highlight in which 
ways scripting is addressed in these chapters. To change the perspective, I 
reveal the presence of the second aspect in each of them, that is: awareness 
and its effects. 

The first chapter by Alison King about "Scripting Collaborative Learning 
Process: A Cognitive Perspective" has a very clear understanding about the 
purpose of scripting as she reflects explicitly what cognitive, meta-cognitive, 
and socio-cognitive processes are intended to be supported. So well known 
cognitive activities like e.g., repetition, rehearsal, retelling, summarizing, 
and paraphrasing are addressed. Even more complex activities like analogi
cal thinking, integration of ideas and reasoning are part of the intended cog
nitive activities. However, above all these very reasonable cognitive activi
ties she is questioning to what degree these activities can be accomplished 
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by the learner alone - without social interaction - and to what degree script
ing can be turned into self-regulation. 

The second chapter in this section by Nikol Rummel and Hans Spada 
about the question if "People Can Learn Computer-mediated Collaboration 
By Following A Script" tries to compare the script approach with a model 
approach. Interestingly, having a model to observe does lead to the same 
advantages as explicit scripting. Obviously people can derive on their own 
how to process without an explicit guidance. Some of the questions dis
cussed by the authors of this study were concerned with how the motiva
tional situation might be when being scripted. They did not say, the motiva
tion is better when only getting a model to see, but this could be an interest
ing speculation. A model approach is not directly something we might call 
an awareness approach but it equally relies on having partners being able to 
decide on their own how to proceed instead of being scripted. 

"Scripting In Net-based Medical Consultation: The Impact Of External 
Representations On Giving Advice And Explanations" by Anne Runde, Rai-
ner Bromme, and Regina Jucks in the next chapter conceives scripting more 
in the sense of representational guidance and thus as a form of implicit 
scripting. One could even interpret their approach rather as a form of making 
something aware as of scripting. If there is scripting then it is more self-de
veloped and self-regulated. Their main expectation has been that the infor
mation depicted in the concept map used in this study helps to focus the 
communication more strictly to the depicted content and terms. These results 
support the idea of having this special form of "implicitly scripting" as they 
call it even if it might be more in the tradition of making something aware as 
scripting someone's behavior. 

"Scripting Laypersons' Problem Descriptions In Internet-based Commu
nication With Experts" by Matthias Ntickles, Anna Ertelt, Jorg Wittwer, and 
Alexander Renkl is based on the idea that the dialogue partners can profit 
from following a problem formulation script. Probably two mechanisms 
have been effective in their study. One mechanism can be seen in having a 
"template" available about what constitutes a complete problem description. 
One of their results was due to having this more complete description. Addi
tionally, the authors point explicitly to the effect of sequencing the steps to 
lower the cognitive load in developing a problem description. Insofar, we are 
close to the awareness perspective if one refers to a shared understanding 
what constitutes a complete problem description by having a template for it 
available. However, we are beyond this perspective if one looks at the ef
fects oi sequencing which is a quite original feature of scripting. 

Getting back to the title of this chapter, we now can state that what I re
ferred to as the 'awareness approach' can indeed be regarded as an alterna
tive to scripting. When reflecting on critical aspects of scripting - as script-
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ing might be e.g., too rigid or lead to motivational problems - the chapters in 
this section often come up with alternatives which contain a lot of aspects of 
the awareness approach. Neither the four chapters before nor this chapter can 
definitely answer if one approach is superior to the other. 

However, scripting approaches are facing their limits, whereas the 
awareness approach seems to have some potential which has not been tried 
out enough. Perhaps future research might even plead for the two of them -
scripting and awareness features - in a balanced combination. 
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SCRIPTING COLLABORATIVE LEARNING IN 
AGENT-BASED SYSTEMS 

Gerardo Ayala 
Universidad de las Americas-Puebla 

Abstract: The chapter discusses an agent-based perspective of scripting for CSCL 
environments. It presents two approaches for supporting scripting collabora
tive learning in agent-based systems: (1) on the macro-level of collaborative 
learning, where agents may support the organization of the learning process 
through facilitating group configuration and task selection; and (2) on the mi
cro-level of collaborative learning, where agents may support awareness and 
coordination of activities. Both approaches are presented for two kinds of do
mains: (i) pedagogically structured and (ii) not pedagogically structured do
mains. For both cases, the types of support on the macro and micro levels are 
examined. 

1. I N T R O D U C T I O N 

Cooperation scripts can be designed for organizational processes, at the 
macro level, and for detailed work processes, at the micro level. Both ap
proaches have their differences when we have a pedagogically structured 
knowledge domain or a non structured knowledge domain. These two ap
proaches are complementary; at the macro level, scripts support the structure 
of the collaborative process in order to promote productive interactions, and 
at the micro level by coordinating the collaboration. This chapter discusses 
the role of software agents for these two approaches, from the computer sci
ence perspective of scripting for CSCL environments, supporting communi
cation, cooperation and coordination, which are the fundamental issues for 
effective collaborative learning. 

From the computer science perspective of scripting, cooperation scripts 
are integrated in the components of the learning environment and may be 
imposed or induced. An imposed cooperation script is presented explicitly to 
the learners, who have to carry out a set of activities in a specific order. It 
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may cause in the learner a loss in motivation due to a loss of autonomy in the 
learning activity. An induced cooperation script is embedded in the design of 
the learning environment, and provides learners with a high amount of free
dom, but it is based on the assumption that learners have an internal culture-
acquired cooperation script, and are aware of the learning opportunities and 
benefits of collaboration. 

Following an imposed script implies a coercion degree, which is the de
gree of freedom that the learners have in following the script (Dillenbourg, 
2002). It is reported in this volume, by Lauer and Trahasch, that, for adult 
learners, a high degree of coercion might affect motivation. Also it is be
lieved that scripts in a CSCL environment increase the cognitive load of the 
learner and have the risk to make the groups interact in a non natural way 
(Dillenbourg, 2002). 

1.1 Software agents and cooperation scripts 

One of the benefits of implementing software agents is that they can re
lease the cognitive load of the user. The semiautonomous nature of interac
tion between the learners and software agents provides a low coercion de
gree, providing one step towards a shift from paternalism to autonomy in 
inducing cooperation scripts, as proposed by Runde, Bromme, and Jucks in 
this volume. From this perspective of semi autonomy in user-agent interac
tion (Norman, 1994) a software agent presents proposals and the user de
cides among those. 

Considering the risk that cooperation scripting in CSCL environments 
can lead us away from the genuine path of collaborative learning (Dillen
bourg, 2002) we believe that the role of agents should be to induce collabo
rative scripts that regulate collaborative learning without interfering with the 
social dynamics of the group. 

Software agents must support collaborative scripts that are simple to fol
low and easy to adopt. Therefore, the role of software agents supporting 
scripting in CSCL environments should be: 

• Work on behalf of the learner in order to reduce her cognitive load while 
she follows a cooperation script. 

• Distribute the coercion load over the interaction, coordination and task 
levels, maintaining a low coercion degree by inducing the appropriate 
collaborative interaction patterns in the learners. 

• Keep the learner aware of activities, resources and the collaboration 
opportunities by following a cooperation script in the activities of a col
laborative learning task. 
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1.2 Pedagogically and not pedagogically structured do
mains 

The nature and representation of the domain knowledge plays an impor
tant role in the design of the cooperation script and the modelling of the 
agent. We may have a pedagogically structured domain, which is a knowl
edge repository that consists of identified knowledge elements organized in a 
pedagogical structure (i.e., a knowledge base). On the other hand, we may 
have a non pedagogically structured domain, which is a repository of digital 
documents organized in a taxonomy but not necessarily with a pedagogical 
structure (i.e., a digital library). 

1.3 Organizational and detailed work processes 

The organizational processes that we consider in this chapter, for coop
eration scripts at the macro level, are group configuration, learning plans 
and tasks assignment. The detailed work processes for cooperation scripts at 
the micro level are coordination and the social construction of knowledge. 
While the organizational processes of group configuration and task assign
ment are induced scripts, implemented with proposals from the software 
agent, the scripts for the coordination, for collaborative problem solving and 
the social construction of knowledge, are imposed scripts. 

2. SCRIPTING ORGANIZATIONAL PROCESSES 

This section presents the considerations to model software agents sup
porting collaborative scripting for organizational processes. Because of the 
social nature of these processes and the characteristics of an agent, it is more 
feasible that software agents induce the script. For a CSCL environment, 
software agents can be modeled in order to induce a cooperation script that 
allows the learners to: 

1. Make an appropriate group configuration, based on the capabilities and 
learning interests of the learners. 

2. Assign learning tasks that ensure the existence of zones of proximal 
development (Vygotsky, 1978) and maintain the productivity of the 
learner in the community or group. 

This requires a learner model, as a set of beliefs the agent has about its 
learner. For pedagogically structured domains, software agents can propose 
groups and determine the zones of proximal development of the users by 
keeping a representation of the learners capabilities in the learner model. In 
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the case of not pedagogically structured domains, software agents propose 
discussion groups and individual learning plans to the users, by keeping a 
representation of the interests of the community members in the learner 
model, together with a record of those popular and relevant digital docu
ments for the community. 

2.1 Designing a cooperation script for the organizational 
processes 

For the organizational processes, the attributes of the script are group 
configuration and task assignment. In general terms, the core mechanism, at 
this macro level, is to maintain learning opportunities for the learners. 

For pedagogically structured domains, in order to induce a cooperation 
script for task assignment, the software agent requires a learner model, con
sidered as a set of beliefs the agent has about the capabilities of the user, 
based on her application of the knowledge elements in the domain knowl
edge. With this information the agent is able to propose learning tasks that 
generate zones of proximal development for all the learners in the group. For 
non pedagogically structured domains, the software agent maintains a 
learner model as a set of beliefs about her interests, in order to propose dis
cussion groups of people with common interests and to keep an individual 
learning plan. 

The design of the interface implies spaces for group configurations, ac
cess to open learner models, a space for a learning task proposal, and for the 
establishment and communication of commitments between learners. 

2.2 GRACILE and CASSIEL 

In GRACILE, a collaborative learning environment for Japanese gram
mar, we have a domain knowledge base representing the grammar rules 
(Ayala & Yano, 1995). The rules are considered knowledge elements and are 
organized in a pedagogical structure that relates them, according to their in
ternal structure, components, complexity and use. Cooperation scripts in an 
environment like GRACILE can be defined for group configuration and task 
assignment. 

For GRACILE we implemented a mediator agent that assists the learners 
in the group configuration and in maintaining zones of proximal develop
ment in the group (Ayala & Yano, 1996a, 1996b). Using a learner model the 
mediator agent is able to determine a structural knowledge frontier, as a set 
of knowledge elements pedagogically related to those the agent believes the 
learner already internalized. In order to determine the learner's zone of 
proximal development, the agents cooperate and determine a social knowl-
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edge frontier of the learner, which is defined as the set of knowledge ele
ments the agent believes have been intemaHzed by other members of the 
learning group. The mediator agent uses the knowledge frontier in order to 
generate group proposals with zones of proximal development, and task as
signments determined to keep the existence of zones of proximal develop
ment in the group members. 

As an example of an agent based learning environment with a non peda-
gogically structured knowledge domain, we have developed CASSIEL. 
CASSIEL was designed based on concepts of lifelong learning and web 
based repositories, for virtual communities of practice (Ayala, 2002). Coop
eration scripts in environments like CASSIEL can be defined for the con
figuration of discussion groups and the maintenance of an individual learn
ing plan. 

The theoretical foundation of collaborative knowledge construction in 
CASSIEL is the theory of Nonaka and Takeuchi (1995) from the area of 
knowledge management. Nonaka and Takeuchi (1995) have proposed a the
ory of the creation of knowledge that has been applied for learning organi
zations (Morabito, Sack, & Bhate, 1999) and, in general terms, proposes that 
knowledge in an organization is constructed through the phases of socializa
tion, externalization, combination and internalization. 

Our interpretation of that theory is as follows: The individual's personal 
ideas are shared (socialization). When these ideas become of the interest of 
other participants they are justified and formalized (extemalization) becom
ing shared beliefs, which once validated by the group (combination) are con
sidered new knowledge in the community. Those new knowledge resources 
in the repository are promoted and, with their use, become knowledge of the 
participants (internalization). Internalized knowledge plays a role in the gen
eration of new ideas, and the process begins again (Ayala, 2003). 

In CASSIEL, a user agent maintains a learner model as a set of beliefs 
about the interests of the learner. We consider that the interests of the learn
ers are the basic issue for successful collaborative learning and interaction in 
a virtual community based on a digital collection of educational resources 
(Ayala & Paredes, 2003). The user agent supports collaboration and adapta
bility, maintaining the model of the learner and assisting her in the configu
ration of discussion groups. The user agent is designed to help the user to 
maintain a personalized learning plan, by maintaining a list of resources con
sidered of the interest of the learner as well as of the interests of other par
ticipants in the community. The learning plan represents also those resources 
considered popular in the community, relevant for the learner or new. Fol
lowing a learning plan, the learner maintains her membership in the commu
nity, being aware of what is going on and being able to participate in a more 
productive way. 
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2.3 Group configuration 

The learner model is the key element for the group configuration pro
posal generated by the agent. For pedagogically structured domains, the 
learner model is revised any time the learner makes a right or a wrong con
struction or answer that implies the application of a knowledge element. For 
non pedagogically structured domains, the learner model is mainly a repre
sentation of the interests of the learner, which are inferred from the naviga
tion of the user in a digital repository, her bookmarks and annotations. 

In an agent based CSCL environment, a group configuration should be 
generated as a proposal from the software agent to the learner. Such proposal 
must be constructed considering the beliefs of the agent about the capabili
ties and learning interests of the learners. The agent works on behalf of the 
user by proposing a selection of participants among all members of the 
community that have the potential to collaborate with her, and provides in
formation concerning other learners. The group configuration may be seen as 
an imposed script or an induced one, if it is negotiable. 

In the case of a pedagogically structured domain, as in GRACILE, the 
mediator agent holds a learner model as a set of beliefs organized as follows: 

• The learner's capabilities 
• The learner's goals 
• The opportunities of assistance to the learner from other learners in the 

current group, generated based on the beliefs of other mediator agents 
about the capabilities of their learners. 

• The registration of the knowledge elements applied in the tasks selected 
by the learner, so the agent can infer the selection criteria of the learner: 
selecting learning tasks based on the feasibility (pedagogically related 
with those already learned), popularity (already learned by others) or 
relevance (importance for advancing in the domain) of the knowledge 
elements with respect to the group. This information is useful for con
structing a group proposal. 

Learner modeling in GRACILE was based on Vygotsky's theory of so
cial learning (Vygotsky, 1978). We represent the learner's actual develop
ment level as the set of knowledge elements which the mediator agent be
lieves can be applied by the learner without any assistance. The learner's 
potential development level is represented by the knowledge used by the 
learner with the assistance of other learners or from the domain agents. Vy
gotsky defined the zone of proximal development as the distance between 
the actual and the potential development level of the learner and it is consid
ered the space of knowledge elements with more possibilities to be internal
ized by the learner. 
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In order to propose a group configuration the agent needs to represent the 
learner's assistance and learning opportunities in a CSCL environment. We 
have defined the learner's group-based knowledge frontier (here after re
ferred as GBKF) (Ayala & Yano, 1996a) as the union of the following two 
sets: 

1. Structural knowledge frontier: the set of complex domain knowledge 
elements related to simpler elements believed to be already internalized 
by the learner. 

2. Social knowledge frontier, the set of domain knowledge elements be
lieved to be internalized by the members of the current learning group but 
still not believed to be internalized by the learner. 

The learner's candidate knowledge for relevant collaboration (hereafter 
referred as CKRC) consists of the intersection of these two sets. The CKRC 
is then a subset of the GBKF which represents those still not internalized 
knowledge elements that other learners have internalized and which are 
structurally related to the learner's internalized elements. 

In order to construct the GBKF and the CKRC the mediator agents coop
erate by exchanging their beliefs about their learners' capabilities. Upon re
quest the mediator agent informs other mediator agents in the network about 
the changes in its beliefs about the capabilities of its learner (Ayala, 1996a). 

According to our results the mediator agent should, if possible, propose 
heterogeneous small groups (4 participants) formed by 2 advanced learners, 
1 novice and 1 intermediate level learner (Ayala & Yano, 1997). The me
diator agent will present a group proposal configured by two advanced 
learners who have learning goals corresponding to knowledge elements not 
necessarily pedagogically related with those already internalized (leader
ship), one intermediate level learner that has learning goals corresponding to 
knowledge elements pedagogically related with those already internalized 
(criteria of feasibility), and a novice learner that may have learning goals by 
any criteria (popularity, feasibility or leadership). 
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Figure 7-1. The user agent in CASSIEL proposes its learner the establishment of a discussion 
group. 1: list of candidates; 2: list of selected peers; 3: topic of interest; 4: name of the group; 
5: deadline to respond to the invitation; and 6: create and send the group proposal to the can
didates. 

For non pedagogically structured domains, the group configuration is 
based on the interests of the learners. The user agent in CASSIEL maintains 
a learner model based on the interests of the learners, considering the taxon
omy of a repository of digital documents. The user agent supports the 
knowledge socialization phase by proposing the configuration of groups for 
the exchange of new ideas with those members believed to share common 
interests with her. The members of the community which are believed to 
have similar interests to the learner's are shown in a proposal list (see Figure 
7-1). The learner selects from them those members to be invited to the dis
cussion group. They will receive an invitation via an email message. They 
can accept or refuse to participate. 

2.4 Task assignment 

The approach for a pedagogically structured domain of an interaction 
script implies task assignment in the joint problem to be solved by the group. 
An intelligent task assignment by the agent is necessary in order to ensure 
collaborative learning opportunities for the participants. 
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Figure 7-2. Maintenance of zones of proximal development (Candidate Knowledge for Rele
vant Collaboration, CKRC) by conforming an ideal group by the mediator agents in GRAC-
ILE. (Ayala & Yano, 1996b) 

In the case of GRACILE each mediator agent proposes to its learner 
those tasks where knowledge elements in the CKRC set are applied. This 
results in the enhancement of her assistance opportunities in the group, pro
moting the creation of zones of proximal development within which she can 
work and be assisted by more experienced learners in the group. Figure 7-2 
presents the results of intelligent task assignments that maintain the zones of 
proximal development for a group that was configured as described in the 
previous section. Each one of the four lines refers to a group member. Dur
ing 24 sessions (horizontal axis), the mediator agents cooperate in order to 
maintain the size of the CKRC for their learners, by proposing tasks that im
ply the maintenance of the social knowledge frontier. In this way, all group 
members have collaborative learning opportunities and are motivated to par
ticipate. 

In the case of non pedagogically structured domains, as in CASSIEL, a 
user agent supports the knowledge socialization and the knowledge inter
nalization phases in the knowledge creation process, supporting social 
awareness and concept awareness. Social awareness is necessary for sociali
zation, and it is provided by the communication of the interests, intentions 
and capabilities of the members of the community. Keeping social awareness 
requires an appropriate configuration of groups with people who share inter
est. Concept awareness is provided by information concerning the new, rele
vant and popular resources in the repository, so the learner is invited to make 
annotations and discuss their content with the community. It allows the re
flection of the learner about her current level with respect to those members 
with the same interests. Concept awareness is necessary for maintaining a 
learning plan and therefore the competitive advantage of the learner in a 
lifelong learning context. 
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3. AGENTS SUPPORTING SCRIPTING DETAILED 
WORK PROCESSES 

This section presents the considerations for modeling software agents 
that support collaborative scripting as a detailed work process, at the micro 
level. The detailed work process that we consider here is the learners' col
laboration or cooperation. While the organizational processes of group con
figuration and task assignment are based on proposals from the software 
agent, the script for the coordination of collaborative problem solving can be 
seen as an imposed one, complemented by the necessary awareness. In order 
to follow a script for the collaboration process, the software agent requires to 
make its learner aware of the collaborative process in the joint problem, and 
also aware of the collaboration opportunities in the group. 

For a pedagogically structured knowledge domain, we present how soft
ware agents can be modeled in order to support a cooperation script for 
learners' coordination and make the learners aware of their collaboration 
opportunities in the group. For a non pedagogically structured knowledge 
domain, software agents can support the coordination of activities in the 
construction of knowledge in a community of practice, based on a digital 
repository in the web. These activities are the establishment of a digital re
source, the recommendation of a resource, provide annotations, reject a re
source, to establish relations between resources in the repository, and col
laboratively organizing the repository. 

3.1 Agents supporting the detailed work processes 

The workspace in GRACILE, as a CSCL environment for Japanese 
grammar and expressions, is a dialogue to be constructed by the group, ap
plying those knowledge elements that correspond to grammar rules that refer 
to the learner's zones of proximal development in the group (Ayala & Yano, 
1996a). 

In GRACILE the joint problem is the construction of a dialogue, as a 
collaborative learning activity where learners share knowledge helping them 
to act and to understand sequences in specific situations, as speech acts. 
Each learner is committed to the group, by the task assignment, to construct 
a sentence for the dialogue, which must correspond to a speech act (request
ing, answering, greeting, etc.). 
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Figure 7-3. Access to open learner models in GRACILE (Ayala & Yano, 1996a) 

The dialogue is the problem to be solved by the group, and its structure 
can be considered as a script that indicates the tasks assigned to each learner. 
The mediator agent in GRACILE can keep the learners' awareness on the 
environment and promote the collaboration possibilities of the learners in the 
group by supporting the communication of the capabilities of the learners, as 
well as their constructions considered as a correct application of knowledge 
elements. 

For non pedagogically structured domains, as in CASSIEL, an informa
tion agent assists the learner in the location of relevant resources in a re
pository and keeping her aware of the changes and annotations by other 
group members. Also, Si facilitator agent assists the learner in the organiza
tion of her ideas, beliefs and knowledge to be provided to the rest of the 
community. It supports the phase of knowledge extemalization and provides 
workspace awareness (Ayala, 2003). 

3.2 The learners' coordination script 

Scripts for these detailed work processes are implemented by communi
cation interfaces that prompt learners to participate in collaborative activi
ties, and do not allow discussions out of context of the joint problem. In the 



112 Chapter? 

approach for pedagogically structured domains, the environment, not the 
agent, maintains the control of the participants in the problem solving proc
ess. The role of software agents here is concerned with the maintenance of 
awareness that allows the learners to know their collaboration possibilities in 
the group. 

The mediator agent in GRACILE keeps the learner aware of the envi
ronment and promotes the collaboration possibilities of the learners in the 
group by supporting the communication of: 

1. The learning goals of the learners, so they can be aware of the intentions 
of each other. 

2. The learners' commitments, so they know the tasks the learners are going 
to perform and who is going to assist whom. 

3. The learners' capabilities, so they will understand who would be able to 
assist them in a given situation. 

The mediator agent keeps the learners aware of the collaboration possi
bilities in the group by allowing the access to the information in the open 
learner models (see Figure 7-3). 

In GRACILE, when constructing a sentence for the common dialogue, a 
learner can make a request for assistance from other learners in the network 
via her mediator agent. After consulting the capabilities and commitments in 
the learner model of a given group member, the learner may decide to send 
her a request of assistance. Also, the learner may ask the mediator agent to 
send requests of assistance to anybody. In such a case, the mediator agent 
sends the requests only to the members of the learning group considered able 
to help. A request of assistance consists of: 

1. The situation in which assistance is needed for the application of domain 
knowledge (i.e., a situation in the dialogue represented by communicative 
acts like "apologize", "ask somebody not to do something", "make a pro
posal", etc.). 

2. An additional message (text) explaining details of the help needed. 

During collaborative writing of a dialogue, the mediator agent allows the 
learners to discuss the appropriateness of their constructions. When learners 
disagree about a construction in the dialogue they cooperate constructing a 
new sentence, discovering the differences between their prior beliefs and 
alternative applications of domain knowledge in a given situation. In order to 
support an alternative viewpoint for the common workspace, the learner has 
to justify it with an example considered valid, previously accepted by the 
learners. In this way the environment allows the identification and resolution 
of differences in the application of domain knowledge. 

In the case of non pedagogically structured domains, coordination is nec
essary for the process of knowledge construction by the members of the 
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community. Software agents should be modeled in order to guide learners 
through the complex work of knowledge construction. 

From this perspective of scripting, in CASSIEL the agents assist the 
learners in structuring the social construction of knowledge, maintaining a 
model of the learner's interests in order to support diverse types of aware
ness. The approach adopted for knowledge construction is the one for con
structive web-based learning environments, based on the development of 
new documents, annotations and relations between them (Wolf, 1996). 

An information agent is important in order to keep the learner aware of 
the location of relevant resources in the shared knowledge repository and of 
the changes and annotations in the repository by other group members. 
Keeping workspace awareness requires information about new documents 
added by the community and their corresponding annotations. Annotations 
are required in order to preserve quality and social acceptance of the digital 
documents in the repository constructed by the members of the community. 
Workspace awareness is necessary during knowledge extemalization and 
knowledge combination. 

A facilitator agent assists the learner in the organization of her ideas, be
liefs and knowledge to be provided to the rest of the community. It supports 
the phase of knowledge extemalization and provides workspace awareness. 
It also supports the construction of the relations between a given situation 
and a resource, representing the correct application of knowledge for a given 
problem. This task awareness is required in order to promote the application 
of knowledge in the community, in the form of annotations to the resources, 
mainly as stories of success. 

4. CONCLUSIONS 

There are two approaches from the computer science perspective of 
scripting for collaborative learning in agent-based CSCL environments: one 
as an organizational process, at the macro level, and the other as a detailed 
work process, at the micro level. Agent modeling and cooperation script de
sign are the issues in the development of processes at the macro level for 
group configuration and task assignment, and at the micro level, for learners 
coordination. 

The pedagogical organization of the knowledge domain is an important 
issue in the modeling of cooperation scripts and their support by software 
agents. 

The role of agents in supporting scripting in CSCL environments must be 
to reduce cognitive load in the learner, following the script, and keep her 
aware of learning opportunities and available resources. At the macro level. 
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the agent modeling issue for supporting the scripting must be oriented to 
provide learning opportunities for the users, while at the micro level the key 
aspects are coordination and awareness. 

At the macro level, agents' support for cooperation scripts refers to group 
configuration and task assignment. For pedagogically structured domains 
group configuration is based on the learners' capabilities, and task assign
ment is based on the maintenance of zones of proximal development for the 
participants. For non pedagogically structured domains, group configuration 
is based on the interests of the learners, and task assignment on community 
membership. 

At the micro level, cooperation scripts refer to coordination, and aware
ness. For pedagogically structured domains, agents provide support by pre
senting open learner models representing the capabilities and constructions 
of the participants, making people aware of collaboration possibilities during 
problem solving. For non pedagogically structured domains, the support 
consists in coordinating the participation of learners in the construction of a 
digital repository, being aware of the changes in the repository and being 
assisted while including new documents, annotations and relations between 
resources. 
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Chapter 8 

MODELING CSCL SCRIPTS - A REFLECTION 
ON LEARNING DESIGN APPROACHES 

Yongwu Miao, Andreas Harrer, Kay Hoeksema, and Heinz Ulrich Hoppe 
Universitdt Duisburg-Essen 

Abstract: The design of collaboration scripts is a new focus of research within the CSCL 
research community. In order to support the design, communication, analysis, 
simulation and also the execution of collaboration scripts, a general specifica
tion language to describe collaboration scripts is needed. In this chapter, we 
analyze the suitability and limitations of IMS LD for modeling collaborative 
learning processes. Based on the analysis, we propose an approach to design
ing a CSCL scripting language. This chapter presents the conceptual frame
work of this modeling language and the solutions to the identified problems of 
IMS LD for formalizing collaboration scripts. Especially, we compare the two 
approaches through modeling the same collaboration script by using IMS LD 
and our own CSCL scripting language. 

1. INTRODUCTION 

According to O'Donnell & Dansereau (1992) a collaboration script is a 
set of instructions specifying how the group members should interact and 
collaborate to solve a problem. The term script was initially used in schema 
theory by Schank and Abelson (1977). According to schema theory, a script 
is a mental structure representing the people's knowledge about actors, ob
jects, and appropriate actions within specific situations. When members of a 
learning group interact with each other, a shared script can help them to re
duce the uncertainty about coordination efforts (Makitalo, Weinberger, Hak-
kinen, & Fischer, 2004), because they know how to behave and what to ex
pect in particular situations. By providing learners with a collaboration 
script, it is also possible to support learners in aiming at cognitive objectives 
like fostering understanding or recall (Rummel & Spada, this volume). Ad
ditionally, collaboration scripts might also foster the development of meta-
cognitive, motivational, or emotional competence (Kollar, Fischer, & Hesse, 
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in press). A collaboration script is normally represented in the learners' 
minds (internal representation) and can be represented somewhere in the 
learning environment (external representation) with complex interplay be
tween these two levels of representation (Carmien, Kollar, Fischer, & 
Fischer, this volume). King elaborates on the cognitive perspective of CSCL 
scripts (King, this volume). Because we focus on using collaboration scripts 
in computer settings, we are interested in representing collaboration scripts 
in a formal way so that they can be processed by the computer. Such a com
putational representation of a collaboration script is called a CSCL script. 

The conceptual components of a collaboration script and their relations 
have been discussed in literature (Dillenbourg, 2002; Kollar et al., in press). 
However, a general modeling language for formalizing collaboration scripts 
is still missing and most CSCL scripts are embedded or encoded into the 
learning support environment. Furthermore, there are only few correspond
ing authoring tools for CSCL practitioners to create, reuse, integrate, and 
customize CSCL scripts without substantial prerequisites of technical 
knowledge; there are some proposals for script modeling based on finite 
automata (Haake & Pfister, this volume) or statecharts (Harrer & Malzahn, 
2006) to represent more complex learning processes than linear ones, yet this 
representation might still be unfamiliar to the educational practitioner. As a 
first step in the direction of a general CSCL scripting language we investi
gate in existing learning process modeling languages. The most important 
attempt in the current discussion in this direction is IMS Learning Design 
(IMS LD; see IMS LD Website), a standard published by the IMS consor
tium based on the earlier Educational Modeling language (EML) developed 
at the Open University of the Netherlands OUNL (Koper, 2001). It is 
claimed that IMS LD can formally describe any design of teaching-learning 
processes for a wide range of pedagogical approaches (Koper, 2001; Koper 
& Olivier, 2004). This modeling language has strengths in specifying per
sonalized learning and asynchronous cooperative learning. However, IMS 
LD provides insufficient support to model group-based, synchronous col
laborative learning activities. Caeiro, Anido, and Llamas (2003) criticized 
IMS LD regarding CSCL purposes and suggested a modification and exten
sion of the specification. This modification and extension focuses on the 
elements role-part and method part. Hernandez, Asensio, and Dimitriadis 
(2004) suggested adding a special type of service, called "groupservice" to 
extend the capacity of IMS LD. Such an extension at service level, rather 
than at activity level, cannot appropriately capture the characteristics of col
laborative learning activities, because different services may be able to sup
port the same collaborative activity. 

The research work presented in this chapter aims at developing a script
ing language for formalizing CSCL scripts and exploring their potential 
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types of usage and system support possibilities. In this chapter, first we ex
plain how a scripting language can help CSCL practitioners (e.g., teachers 
and students) in the design phase (e.g., editing, communicating, predicting, 
simulating) and in the execution phase (e.g., configuration, monitoring, scaf
folding). Then, we clarify the limits of IMS LD when working on a compu
tational methodology for the scripting of collaborative learning processes . 
Based on the analysis, we propose an approach to design a CSCL scripting 
language. Rather than a systematic description of the CSCL scripting lan
guage, we present it by focusing on how the identified problems of IMS LD 
for CSCL scripts are solved. In order to compare these two approaches, we 
present how to model an example collaboration script with IMS LD and by 
using our CSCL scripting language. 

2. POTENTIAL USES AND SYSTEM SUPPORT OF 
CSCL SCRIPTS 

In the following we divide the potential uses of a CSCL modeling lan
guage and the computer support it can enable into usage types during design 
time and usage types while students are performing the learning activities 
defined by a designed model. The first category is mainly oriented towards 
the support of the designer in creating CSCL scripts, while the latter cate
gory targets the amount of help a computer system can provide in imple
menting effective scripts. Dillenbourg and Jermann provide a more general 
discussion of the added value of computer support for learning scripts in 
(Dillenbourg & Jermann, this volume). 

2.1 Design time uses 

The specification of learning processes using a modeling language may 
have a broad variety of purposes on the part of the designer. Some educa
tional designers use it as a note taking tool for lesson planning. Created 
models can be saved and used (complete or partially) as a basis for further 
development. Models can be used for communication between designers. 
Even at an early state of development, when the model is far from being op
erational, it can already express educational ideas. Though, due to the com
plexity of collaborative learning processes, the models get excessively com
plex and hard to understand. Therefore either reduction of the complexity 
(by applying projections of specific elements or filtering techniques) or the 
separation into different perspectives is a typical way to cope with the com
plexity. The designer can switch between the different perspectives to keep 
an overview, always choosing the perspective most suitable for further au-
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thoring. For learning processes typically the following aspects are relevant 
and thus candidates for special perspectives: 

Procedural/Temporal Perspective, Naturally the sequencing and timing, 
that is, the process related aspects of the whole learning process, should be 
represented explicitly 

Artifacts Perspective, Artifacts given as resources, used as temporary re
sults and the final outcome of learning activities constitute an important as
pect of learning processes. Especially the change of artifacts over time (ver
sion history) is information to consider by all participants of a learning proc
ess. 

Roles Perspective. For organization of specific tasks in group processes 
the various roles needed for the tasks are an essential information, not only 
during design time. 

Individual/Group Perspective. To get an impression of the workload of 
one specific member or one subgroup within a group process a perspective 
stressing these individual aspects is a valuable information for the designer 
to keep balance between the participants of the process. 

The more details of a collaborative learning process are defined, the more 
the authoring system can provide help to the designer. For example, depend
encies or constraints between elements can be highlighted, such as necessity 
of sequential phases or synchronizing the flow after a split into cooperative 
sub processes. If the designer specified temporal constraints (minimum or 
maximum time) for elements of the process, techniques from operations re
search, such as optimization in network flows or critical path analysis can be 
applied. A simulated execution of the specified learning process can give the 
designer a more profound feedback on "what works and what does not?". 
Imagine the benefit of doing a simulation run with information about se
quence, time requirements, and produced artifacts before applying the whole 
design to a real learning situation. The plausibility of the design can be 
checked much easier than just based on the static structure of the model. 
Deadlocks (e.g., when subgroups are waiting for each others' input) in the 
process specification can be detected before making the bitter experience in 
practical use. 

2.2 Runtime uses 

The first, weak approach to operationalizing the learning process for the 
target user "at run time" is the configuration of the learning environment 
with available tools, resources, communication structure and so on. If this 
configuration is done once without dynamic addition and removal of ele
ments we call this static configuration. "Compiling and instantiating" such 
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an environment from the specification should be the minimal functionality of 
a system meant for "playing" the learning design. 

While running a learning process model the system can monitor the ac
tivities performed by the students. Monitoring functionality could be used 
twofold: On the one hand the information can be used internally to adapt the 
process according to the exact specification, on the other hand the monitored 
information can be visualized to participants of the learning process and give 
them information on what they have done and produced. This additional 
feedback can be used to promote reflection about the process or the partici
pants' own behavior, e.g., to stimulate meta-cognitive activities. 

At the "informed end" of the spectrum of computer support we see the 
potential use of the system for scaffolding the learning process, especially 
when the "typical path" through the process was left by the participants 
(Koedinger et al., 2004). An enriched specification can give advise to and 
offer a scaffold to the learners on "what and when to do, how they can play 
their assigned role besf and so on. Depending on the strictness of the scaf
folding the system's behavior can vary between an unrestraining advisor and 
an intervening tutor. Ideally a script could contain dynamic aspects for 
adaptive fading in and fading out of scaffolds for the learners. 

3. INVESTIGATING THE CAPACITY OF IMS LD 
FOR FORMALISING COLLABORATIVE 
LEARNING SCRIPTS 

A collaborative learning experience can be described by a collaboration 
script. Many collaboration scripts have been designed, tested, and even em
bedded in CSCL applications (e.g., Hoppe & Ploetzner, 1999; Guzdial & 
Turns, 2000; Miao, Hoist, Haake, & Steinmetz, 2000; Pfister & Muhlpfordt, 
2002). When using IMS LD to formalize collaboration scripts, we see sev
eral major difficulties and challenges: 

Modeling groups: Modeling group work with IMS LD raises the problem 
how to model multiple groups with the same role and how to model the dy
namic changes of groups. IMS LD allows for defining muhiple roles. Each 
role can be played by multiple persons. When investigating, we found that in 
many cases the notational element of "role" can be used to model groups for 
CSCL scripts. However, by using IMS LD it is very difficult to specify how 
a group work pattern is assigned to several groups working in parallel and 
how sub groups can be defined within these groups. If each group or sub
group is defined as a role, the designer has to define a list of roles repre
senting multiple groups. The problem of this solution is that the number of 
groups in a run is unpredictable during the modeling phase. If only one role 
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is defined for all members of all subgroups, then the information about 
groups or subgroups will be missing and the run-time system cannot support 
inter-/intra-group collaboration appropriately. In addition, in IMS LD roles 
are assigned to persons before running a unit of learning and these assign
ments stay unchanged within the life cycle of the run. However, in some 
situations groups are formed and group members are assigned after the start 
of the process execution. Therefore, in some situations, the notational ele
ment of role cannot meet the requirement to model groups. 

Modeling artifacts: A second major difficulty while modeling CSCL 
scripts with IMS LD is the modeling of artifacts. In learning processes, ac
tors usually generate artifacts such as a vote, an answer, an argument, or a 
design. In IMS LD, an artifact can be modeled as a property, for example a 
property of a person or a role, that creates the artifact. This property can be 
used to maintain information such as the learning outcome of a person or a 
role and to support personalised learning. In collaborative learning proc
esses, an artifact is usually created and shared by a group of people. It is 
normally used as an object of mediation to facilitate indirect interaction 
among group members. It may be created in an activity and used in other 
activities like in an information flow. In order to support group interaction, 
an artifact should have attributes such as artifact type, status, created_by, 
creation_activities, contributors, consume_activities, current_users, and so 
on. By using IMS LD to model an artifact as a property, one has to model all 
attributes of the artifact as properties as well. These properties should be de
fined as a property-group with specific constraints. Such a complex defini
tion cannot be understood intuitively. It will be very difficult to model dy
namic features even for technically experienced designers, because the lim
ited data-types of properties and the number of references needed make it 
very complicated to handle artifacts. In addition, it is difficult to model a 
collective artifact, because IMS LD does not support array-like data-types 
for a property. 

Modeling dynamic features: A third major difficulty while modeling 
CSCL scripts with IMS LD occurs when modeling dynamic process aspects. 
IMS LD provides two categories of operations on process elements: read-
access operations ("getters") to get the state of process elements (e.g., users-
in-role, datetime-activity-started) and write-access operations to change the 
state of process elements (e.g., change-property-value, hide/show elements, 
and send notification) to model dynamic features of learning processes. For 
modeling collaborative learning processes, more of these read and write op
erations are needed. At least, process element operations concerning our 
proposed extensions like group and artifact should be extended. In addition, 
some destructive or constructive operations (e.g., form a group with only 
male members) should be added. Furthermore, more complicated operations 
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based on these elementary operations will be performed by run-time systems 
or by users (e.g., to do the configuration and logistics work such as distribut
ing artifacts within a group). Adding such actions will empower learning 
designers to model complicated processes without being bothered by the 
technical complexity. 

Modeling complicated control flow: A fourth major problem is how to 
model complex process structures. IMS LD provides play, act, role-part, and 
activity-structure to model structural relations at different levels. Primarily 
learning/teaching processes that are structured in a sequential way with con
currently executable activities can be modeled. However, as Caeiro et al. 
(2003) pointed out, the linear structure of a play with a series of acts intro
duces a great rigidity while modeling network structures. Although it is pos
sible to model non-linear structural relations among activities by using con
ditions and notifications, the specification of a collaborative learning process 
might be very complicated and confusing. 

Modeling various forms of social interaction: The last difficulty we want 
to stress in this chapter occurs when modeling various forms of social inter
action. IMS LD uses a metaphor of a theatrical play to model learn
ing/teaching processes. A play consists of a sequence of acts and within an 
act there is a set of role-parts. These role-parts can run in parallel. Role-parts 
enable multiple users, playing the same or different roles, to do the same 
thing or different things concurrently on the same act. For example, while 
each student reads the same article, the teacher prepares presentation slides. 
If a group of people performs a synchronous activity, IMS LD enables them 
to use a conference service and provides no means at the activity level to 
support collaboration. In collaborative learning processes, it is quite usual 
that people with the same or different roles perform a shared activity through 
direct or indirect interaction. While making the joint effort, people with dif
ferent roles may have different rights to interact with other roles and the en
vironment. In particular, it can not be clearly modeled by using IMS LD 
whether and how people collaborate, because people may work in a variety 
of social forms: Individually, in an informal group, in sub-groups, in a group 
as a whole, or in a community. 

4. AN APPROACH TO REPRESENT CSCL SCRIPTS 

In order to enhance effective collaboration designs, we have developed a 
CSCL scripting language to represent collaboration scripts. Because of the 
limited space of the chapter, we briefly present the CSCL scripting language 
by explaining the core concepts and their relations, rather than giving a sys
tematic description. Then we focus on describing how the identified prob-
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lems of IMS LD for CSCL scripts are solved in our scripting language by 
introducing the required constructs on the conceptual level. This does not 
necessarily imply that we want to provide a completely independent ap
proach for formalizing learning processes, including providing our own in
terpreting machine or engine. At the moment we are still in the process of 
exploring if the existing standard can be extended according to the identified 
needs. Another possibility is to consider our approach as a higher-level one 
closer to the practitioner's and researcher's needs that can be "compiled", 
that is, semantically mapped to the existing description format. This question 
in its completeness is unresolved, but we will give some details on the as
pects that we consider to be resolved at the moment. 

4.1 A conceptual basis for CSCL scripting 

In this subsection, we briefly present the core concepts and their relations 
of the CSCL scripting language. 

A CSCL script is a specific learning design which emphasizes collabora
tion. A CSCL script contains contextual information that applies to other 
elements within the process. As shown in Figure 8-1, a CSCL script consists 
of a set of roles, activities, transitions, artifacts, and environments. A CSCL 
script has attributes such as learning objectives, prerequisites, design ration
ale, coercion degree, granularity, duration, target audience, learning context, 
script specific properties, and generic information (e.g., id, name, descrip
tion, status, creation date, and so on). The attribute design rationale enables 
to express and communicate the design ideas and underlying pedagogic 
principles. The values of the attribute coercion degree represent different 
degrees of informedness, CSCL scripts with different coercion degrees have 
different usages, which will be discussed later in the chapter. If a CSCL 
script of fine granularity is embedded in a CSCL script of coarse granularity, 
the mappings between the roles, properties, and artifacts of two CSCL 
scripts should be specified. A role is used to distinguish users who have dif
ferent privileges and obligations in the processes described in the CSCL 
script. Both persons and groups can take a role. A group can have subgroups 
and person members. An activity is a definition of one logical unit of a task 
performed individually or collaboratively. There are three types of activities: 
atomic activity, compound activity, and route activity. A compound activity 
is decomposable into a set of networked activities and even other scripts. A 
transition specifies a relation of temporal dependency between two activities. 
An artifact may be created and shared in and/or across activities as an inter
mediate product or a final outcome or both. An environment can contain 
sub-environments and may contain tools and contents. A tool may use arti
facts as input parameters or output parameters or both. A content is a kind of 
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learning object which exists and is accessible. An action is an operation and 
may be performed by users during an activity or by the system before or af
ter an activity. A property may be atomic or may have internal structure. An 
expression may use properties and other expressions as operands. Like IMS 
LD, a condition refers to a condition clause which is defined as an if-then-
else rule consisting of a logical expression and actions, transitions, and/or 
other conditions. Actions, properties, expressions, and conditions have very 
complicated relations with other process elements (e.g., scripts, roles, activi
ties, artifacts, persons, groups, environments, and so on). For example, an 
action may use process elements as parameters and change the values of at
tributes of certain process elements. Such relations are not drawn in this dia
gram in order to keep the diagram simple and readable. 

Using the scripting language to formalise a collaboration script means 
specifying how persons or groups or both, playing certain roles, work col
laboratively towards certain outcomes (which can be artifacts) by performing 
temporally structured activities within environments, where needed tools and 
content are available. Actions, properties, expressions, and conditions are 
useful to model more complicated, dynamic control-flow and information 
flow in collaborative learning processes. 
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4.2 Solutions 

In this subsection, we focus on presenting our solutions to the identified 
problems of IMS LD for CSCL scripts. 

Explicitly introducing groups. The introduction of a group element en
ables us to model group based collaboration in a simpler and more intuitive 
way. In our CSCL scripting language, a group is modeled by using attributes 
such as name, max-size, min-size, person members, super-groups, sub
groups, engaged roles, form-policy, disband-policy, dynamic/static, and run
time information. In addition, local-/global group properties are added for 
learning designers to define additional attributes of a group. One or more 
groups can play the same a role. Therefore, when a role is defined and is as
signed to carry out an activity, it does not matter how many groups will play 
this role at runtime. On the one hand, a group can have subgroups and form a 
hierarchically structured organization (a directed-acyclic-graph). Any change 
in the organization has no effect on the definition of the role in scripts. On 
the other hand, re-definition of roles in scripts does not effect organization. 
This proposal raises the question when to model a group and when to use a 
role for a group. From our perspective, some roles are organization oriented 
definitions like students and staff Others are behavior-oriented roles such as 
meeting chairman and tutor. It would be better to model an organization-ori
ented role as a group role and to model a behavior-oriented role as a role for 
assigning tasks. 

Explicitly introducing artifacts. The artifact element does not exist in the 
IMS LD specification. As we explained already, the usage of artifact ele
ments can enable to model CSCL contexts much more intuitive and easier 
than to model the same process within IMS LD, because some burdens on 
the designers to handle technical tasks are avoided by providing built-in 
mechanisms. In our language, an artifact is treated as a file which can be a 
MIME-type or user-defined type. The attributes of an artifact contain generic 
information (e.g., title, description, type, status, URL, sharable, and aggre
gated), association information (e.g., creationactivities, consume_activities, 
and defaulttool), and run-time information (e.g., createdby, creationtime, 
contributors, last_modification_time, current_users, locked_status, and so 
on). An artifact and its status will be accessible in the environment of the 
creation-Zconsume- activities at run-time. The specification of the relations 
between artifacts and tools will help the run-time system to pass artifacts as 
input/output parameters to and from tools automatically at runtime. Some 
expressions and actions related to artifacts should be added for mediating 
group work such as get-current-users-of-artifact and change-artifact-status. 
The artifact-specific properties may be useful to model a specific feature of 
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an artifact. As an aggregated artifact, it is possible to append collective in
formation to the same file. 

Extending actions and expressions. An action is a generic and powerful 
mechanism to model dynamic features of a collaborative learning process. 
We add some actions as components of the CSCL scripting language that 
can be executed directly by the runtime system. In addition, we add an action 
declaration mechanism for experts to define a procedure by using the CSCL 
scripting language. In order to support the definition of complicated proce
dures, we add a "collection" data type and a loop control structure. The de
fined procedure can be interpreted by the run-time system as process element 
operations, and in turn, as executable code. Therefore, complicated actions 
can be defined by using an action declaration and assigning the parameters 
needed. IMS LD provides a limited set of actions such as property opera
tions, showing/hiding entity, and notification. The action notation we intro
duced provides a unified form of operations including not only actions de
fined in IMS LD but also commonly used operations concerning script, ac
tivity, artifact, role, group, person, transition, environment, and their rela
tions. An expression is defined as it is in IMS LD: some read operations can 
be used as operands in expressions like "is-member-of-role", "datetime-ac-
tivity-started", and "complete". However, it is necessary to add read opera
tions to support collaboration such as "are-all-role-members-online" and 
"artifact-contributors". Furthermore, corresponding to the action declaration, 
we add an expression declaration mechanism for experts to define compli
cated expressions which could be used by normal teachers and students. 

Introducing transitions and routing activities. We partially accept the 
suggestion of Caeiro et al. (2003) to introduce transitions and routing con
structs recommended by the Workflow Management Coalition (WfMC 
Website). Because interactions of person-to-person, group-to-group, and 
role-to-role and splitting and synchronization of process threads are never 
restricted at higher levels, we have to use such a mechanism not only at play 
level but at all possible levels in order to model the arbitrarily complicated 
structural relations among activities. 

Using activity-centered methods to assign roles. We give up the meta
phor of a theatrical play and the role-part method. Instead, we use an activity 
centered role assignment method. In the CSCL scripting language, for mod
eling an activity, the attributes are defined to specify engaged roles, used 
environments, input/output artifacts, transitions and restrictions, pre-/post-
/during activity actions, user-defined activity-specific properties, comple
tion-mode, execution-time, completion-condition, mode of interaction, social 
plane, interaction rules, generic information, and simulation information. 
Some attributes are important for designers to model collaborative processes 
and some for the run-time system to configure collaborative learning envi-



128 Chapters 

ronments appropriately for users. For example, the possible values of social 
planes are: separately with a certain role, individually with a certain role, 
collaboratively with one or multiple roles or both, collaboratively in sub
groups with a certain role, and so on. If the choice is "separately", the run
time system will create an activity instance for each user starting the activity. 
If anyone completes his activity, all activity instances terminate. "Individu
ally" means that the run-time system will create an activity instance for each 
user. The run-time system synchronizes access to the following activity by 
continuously checking whether all users have already completed the current 
activity. In comparison, the run-time system based on IMS LD typically 
handles this situation defined by using the role-part method. The choice of 
"collaboratively with one and/or multiple roles" makes the run-time system 
create only one activity instance and a session facilitating collaboration. The 
semantics of the value "collaboratively in subgroups with a certain role" is 
that the run-time system creates an activity instance and a session for each 
sub-group and the members of each sub-group can have a shared activity 
workspace. The run-time system synchronizes access to the next activity 
when all subgroups finish their work. Another example is the attribute inter
action rules. An interaction rule specifies under which condition which role 
can (not) perform which actions. For example, the tutor can perform the ac
tions to create (sub)groups and assign group members. Such information can 
be used by the run-time system to automatically provide corresponding 
awareness information in the user interface to help users to perform specified 
actions. In short, interaction rules explicitly specify different responsibilities 
of different roles in a collaborative learning activity. 

5, MODELING A COLLABORATION SCRIPT WITH 
IMS LD AND THE CSCL SCRIPTING 
LANGUAGE 

In this section, a collaboration script is used as an example. We discuss 
how this collaboration script can be modeled by using IMS LD and by using 
our CSCL scripting language. Our example will be the "Knowledge Conver
gence Script" (Weinberger, Fischer, & Mandl, 2004, and Weinberger, Steg-
mann, Fischer, & Mandl, this volume), that has been shown to be effective in 
improving the learners' convergence either on epistemic or on the social 
level. 

In short this script consists of the following phases and interactions be
tween the members of groups of three students: 

• Phase 1 - case reporting: Each student gets information about a 
(educational) case and is writing a report about the case. 
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• Phase 2 - criticizing 1: Each student gets the case and the report of the 
student to his left and writes a comment about the report. 

• Phase 3 - criticizing 2: Each student gets a case, the report and the 
comment the student to his left produced in phase 2 and writes a second 
comment about the report. 

• Phase 4 - Finalizing the report: Each student gets back his own report 
together with the comments of the two other students and rewrites it 
taking the comments into account. 

The flow of the artifacts produced by the students, specifically the arti
facts in relation to Case 1, can be seen in the graphical schema in Figure 8-2. 

5.1 How to model the script by using IMS LD 

IMS LD is designed mainly for supporting web-based learning environ
ments and the run-time environment will render the web pages for users ac
cording to the definition of the unit of learning. To give an impression of the 
design work we will abstract from generation of HTML and XML content 
pages, but focus on the major steps in the design process for the Knowledge 
Convergence Script: 

1. Define three roles for the three group members, since IMS LD does not 
explicitly represent groups. Each role will be constrained to have at most 
1 person playing the role. 

2. Define 12 properties for the reports and comments produced by the 
students, because each student writes a report, two comments on the 
others' reports, and a final version of the report. Properties are the means 
of choice in IMS LD, because they can be flexibly used for person- or 
role-related aspects, thus also as a substitute for a missing 
"document/artifact" construct. For a better structuring it is advisable to 
compose sets of properties, such as all documents related to Case 1, in so 
called property-groups, that contain references to their constituents. 

3. Define the 12 activities that the learners should perform in this script and 
their effects on the properties representing the documents (i.e., the 
products of student writing). These properties have to be set explicitly 
from the outside, that is, from an external service or from a learning 
object document. 

4. Predefine the document flow (represented in the properties) for each step 
of the script explicitly, such as "Student 1 has to get report 3 from student 
3, Student 2...". This is statically defined for a fixed number of 
documents and learners. 
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Figure 8-2: Diagram showing the flow of the dossier of Case 1 through activities 

5.2 How to model the script by using the scripting 
language 

The same process will now be sketched for the CSCL script representa
tion presented in the previous sections. Our main focus is also on the general 
overview with some details about practical and technical issues of applying 
and implementing this notation: 
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1. Define a group of three members explicitly; there is still also the option 
of defining groups by roles, but the notation also offers a dedicated 
"group" construct to the designers. 

2. Explicitly define three artifacts that represent the documents produced by 
the students. For better structuring these artifacts can be aggregated to 
"composite artifacts" (e.g., one dossier for all documents related to one 
case and even a collection of all dossiers) of complex structure. 

3. Define actions for the initial distribution and the re-assignment/rotation 
of artifacts to the group members. The independence of concrete numbers 
for documents and persons is highly desirable, so that the action can be 
re-used in different situations or stages of the learning process. These 
actions can be freely defined by a learning designer, if he has some 
understanding of specifying procedures on an abstract level. In our 
example the two actions "DistributeArtifactCollection" and 
"RotateArtifactCyclic" would be very useful, especially the latter, 
because it is performed after every writing phase of the students, but with 
different actors getting the dossiers. To give an impression of the 
specification level of such a generic action we give some pseudo-code 
representation for "RotateArtifactCyclic" and a graphical schema for this 
procedure (see Figure 8-3), that gives the dossier to the next group 
member in sequence. 

rotateArtifactCyclic(ArtifactCollection art, Group learners){ 

while (art.hasMoreElements()){ 

assign(art.currentElement(), group.nextMember())/ 

} 

assign(art.lastElement(), group.firstMember()); 

Artifact collection: 

Group members: 

DistributeArtifactCollection 

RotateArtifactCyclic 

Figure 8-3: The graphical schema for explaining two actions: "DistributeArtifactCollection" 
and "RotateArtifactCyclic" 
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4. Use the action to rotate artifacts in the learning design for each step of the 
script; the advantage of having a generic action definition is now that the 
action can be re-used now by calling this action with different parameters 
(the current states of the dossiers and the group) without any manual 
assignment of the respective documents. This re-use can be done for self-
defmed actions and also for any library of pre-defmed actions that other 
learning designers created. Thus, in case that a suitable pre-defmed action 
is already available (such as the mentioned "RotateArtifactCyclic" that 
we defined for our own purposes), the Step 3 can be skipped, which is 
especially desirable for practitioners without programming skills. Pre
defined actions can be used conveniently in our tree-based editor tool, by 
choosing and parameterizing the appropriate actions from a list (see 
Figure 8-4). 

G o a B B S tc-) C 

1L.MM 

0 n 

I -pesi9fE9e 

rutottj aitifact collection: iliciue colit'Cllon cyclic in a group: learners 

' ~ ""'••• i 

ApFily : Cancel 

Figure 8-4: Define a post-activity action by assigning parameters 

Figure 8-4 shows a screenshot of our tree-based authoring tool when de
fining the script. The left panel is used to define the script elements (two ac
tivities, a group, three artifacts and an artifact collection) and their structural 
relations. The right panel is used to create a detailed design for each process 
element, currently for the "criticizing/finalizing-report" activity. The 
enlarged part illustrates how a post-activity action can be defined in a user-
friendly manner. Users can assign the parameters of the action by dragging 
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an element node from the structural tree in the left panel and dropping into 
the parameter boxes of the action representation. 

5.3 Comparison of the two approaches 

Although the example script does not cover all features that we discussed 
in the chapter, we can see the differences when modeling the script with IMS 
LD and with the CSCL scripting language. We hope that we can provide 
added value in different respect: 

First, the use of a conceptual level, that is closer to the concepts practi
tioners use, such as the availability of explicit group definitions and artifacts 
produced by the participants, enables a better understanding for the designer 
and also in the discussion between practitioners than the IMS LD constructs, 
such as properties and roles as substitute for groups, offer. 

Second, the presented approach of defining own actions in a potentially 
very generalizable way (using parameters), makes these actions much more 
re-usable than the IMS LD solution where the definition has to be predefined 
in a static way; the activity "rotateArtifactsCyclic" in our example can be re
used flexibly within the same script or in a completely different one just by 
using different parameters for both artifact collection and group, while in the 
LD solution each step has to be edited again; this is especially useful with 
different numbers of artifacts to distribute to an arbitrary group (which 
would not be a problem for our generic activity definition). 

Our approach has been prototypically implemented in different tools for 
editing of CSCL scripts. These tools have been presented in more detail in 
Miao, Hoeksema, Hoppe, and Harrer (2005). 

6. CONCLUSIONS 

In this chapter we have identified five major limitations of IMS LD when 
formalizing CSCL scripts. Based on this, we have suggested a scripting lan
guage for CSCL. The identified problems of IMS LD are solved in the lan
guage respectively by 1) explicitly introducing the group entity to facilitate 
modeling organizational role and behavior role; 2) explicitly introducing the 
artifact entity to enable designers to model artifact and information flow 
easily and intuitively; 3) extending process element operations and providing 
declaration mechanisms to capture dynamic features of collaborative learn
ing processes; 4) exploiting WfMS routing technologies to enable the speci
fication of complicated control flow; and 5) giving up the metaphor of theat
rical play and the role-part and using an activity-centered definition method 
to model various forms of social interaction. In addition, we briefly dis-
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cussed the potential usages of CSCL scripts and possibilities of system sup
port. 

Through comparing the two approaches of modeling the same collabora
tion script with IMS LD and with the CSCL scripting language, we see, at 
minimum, two advantages of our approach: First, at conceptual level, practi
tioners can use terms that are closer to the concepts they use in practice. It 
will be helpful for them to understand and design teaching/learning process 
models. Second, using actions in our approach makes it possible for practi
tioners to model complicated processes, because the burden of practitioners 
to handle technical complexities is reduced. 
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SCRIPTED ANCHORED DISCUSSION OF 
MULTIMEDIA LECTURE RECORDINGS 

Tobias Lauer and Stephan Trahasch 
A Ibert-L udwigs- Un ivers it at, Freiburg 

Abstract: Lecture recording has become a widespread way of producing e-learning con
tents. The resulting documents, however, are usually limited with respect to 
collaborative learning. This chapter introduces the concept of scripted an
chored discussion as a means to facilitate net-based group collaboration 
around multimedia lectures. Discussion contributions are anchored at specific 
spatial and temporal positions within the document, allowing both document-
centred and discourse-centred views of the discussion. Cooperation scripts are 
used to structure and sequence the discussion process. A formal model is pro
posed to represent discussion scripts. Furthermore, we explore ways to fade 
out scripting instructions in order to adapt to users' increasing internalization 
of the scripts. 

1. INTRODUCTION 

A substantive portion of the digital contents for computer-supported 
learning available today are multimedia recordings of live lectures and talks. 
An ever-growing number of institutions - both universities and corporations 
- have adopted presentation recording as a cost-effective way of producing 
contents out of those resources that have already been there: experts in a dis
cipline and their explanations of a subject to an audience. As most presenta
tions today make heavy use of computer technology anyway, it is a natural 
approach to also use the computer to preserve the experience of the talk for 
other audiences. Since the advent of multimedia PCs for the masses in the 
mid 1990s, a great deal of research and development has been put in meth
ods to automatically record computer-based live presentations in order to 
produce multimedia learning contents, and today a wealth of different sys
tems and approaches is available (for an overview, see Lauer & Ottmann, 
2002; Muller & Ottmann, 2003). 
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Among the factors making this approach attractive as a content-produc
tion method are its cost-efficiency and the very quick availability of the 
contents. Instructors simply prepare the materials (such as slides, animations 
etc.) as usual and teach their regular face-to-face lectures, which are re
corded automatically by the hardware and software in the lecture hall and 
turned into a multimedia document (see Figure 9-1). In the ideal case, no 
additional personnel are required and the instructors do not even notice that 
they are recorded. Depending on the time required for post-processing and 
format conversion, the resulting multimedia documents can be ready within 
minutes after the live class has ended. This is in stark contrast to other pro
duction methods for e-leaming contents, which often involve a whole team 
consisting of content experts, pedagogues, media designers and others, re
sulting in a high cost and long time of production, which has made content 
creation the "bottleneck" of most e-leaming applications. Hence, there are 
good reasons for using presentation recording, in spite of the shortcomings 
discussed below. 
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Figure 9-1: Presentation recording turns a live lecture (left) into an "e-lecture.' 

The resulting contents are far more than simple video recordings of lec
tures; modem systems produce integrated multimedia documents containing 
presentation slides and other materials shown, synchronized with the pre
senter's audio narration, video picture and their annotations, and augmented 
with rich structural information and navigational support for viewing the 
contents other than in a purely Hnear fashion. The tool that this work builds 
on is the "Authoring on the Fly" (AOF) system developed at the University 
of Freiburg (see Miiller & Ottmann, 2000). 

Leamers access the resulting e-lectiires via download or streaming over 
networks or get them on mass storage media like CD-ROM/DVD, as de
scribed by Lauer, Miiller, and Trahasch (2004). Comfortable ways of navi-
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gation can be provided, such as a table of contents linked to each slide or 
chapter of the lecture. Real-time random access allows for visible scrolling, a 
feature enabling users to skim through a recording like flipping pages in a 
book, in order to locate relevant topics or skip parts of minor interest. Replay 
at variable speed is possible, which can save time. Full-text search on the 
slide text allows learners to find certain topics more easily. 

Lecture recordings can be used as content modules for distance learning 
courses or as a supplement for on-campus lectures (blended learning). Dur
ing the early 2000s, a lot of experience with offering distance and blended 
courses over the Internet based on lecture recordings was gained in several 
large-scale projects like VIROR (2006) and ULI (2006). Even students who 
attend the "real" live lecture make extensive use of lecture recordings when 
reviewing the content and preparing for examinations, as has been studied by 
Zupancic and Horz (2002). 

A problem found in this context is that learner interaction is quite limited. 
First, interacting with the contents mainly consists of different forms of 
search and navigation. Second, user interaction is completely optional, as 
opposed to many CBTs and WBTs, where quizzes etc. force learners to in
teract frequently. And third, users can only interact with the computer, not 
with other co-learners. The reasons can pardy be found in the nature of the 
documents themselves, which - by way of their production method - are 
rather linear and expository. Even though they do not have to be watched in 
a linear fashion, there is only limited room for active exploration. Other rea
sons are not restricted to lecture recordings but also apply to CBT and WBT. 
For example, it is usually not possible to annotate dynamic, time-dependent 
multimedia presentations similar to the way printed text and graphics can be 
annotated. In addition, opportunities for collaborative learning with such 
documents in real-life scenarios are rather sparse. If collaborative features 
are provided, they are usually separated from the contents. For example, 
most learning management systems (LMS) offer chat tools or discussion 
forums for user interaction and collaboration. However, they are not directly 
accessible from or linked to the learning contents such as WBTs, and learn
ers have to switch back and forth between the two. Often, communication 
tools are provided without any instructions or guidance, and learners do not 
know what they are expected to do with them. 

In this chapter, we propose the concept of scripted anchored discussion 
(cf Trahasch & Lauer, 2005) as a means for structured collaborative learn
ing with lecture recordings. Section 2 describes previous work on online dis
cussion in collaborative learning scenarios and relates artifact-centered dis
cussion to anchored annotation of documents. In section 3, we outline how 
the concept of cooperation scripts can be used to structure and sequence an
chored discussion of time-dependent artifacts. We also investigate methods 
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to fade out parts of a script in order to enhance the internalization by the 
learners. Section 4 describes a theoretical model, finite state machines, to 
describe scripted anchored discussions. 

2. STRUCTURING AND SEQUENCING OF ONLINE 
DISCUSSION 

Online discussion forums are a widespread means to integrate collabora
tion into computer-supported instruction. Usually, learning management 
systems provide the option to include such forums in courses. In their easiest 
and most common form, discussions are visualized as threads. Simply pro
viding a space for discussion, however, does not necessarily lead to its use 
by students, since every representation system has its own strengths and 
weaknesses. Thus, it is necessary to consider the characteristics of the com
munication and collaboration tool and the representational system when 
combining them (for example, using lecture recordings together with discus
sion forums). In the following paragraphs we categorize discussion notes 
according to their relationship to the artifact under discussion and give an 
overview of visualization of notes and documents. Thereafter we describe 
some lecture recording systems with annotation features. 

2.1 Artifact-centered discussion as exchange of digital 
annotations 

Net-based discussion can be seen as sharing notes (or, annotations) which 
usually refer to a previous note or to some part of the object of discussion. 
While learning with traditional, analog media such as books or written notes, 
learners usually add personal notes or highlight certain parts of a resource or 
document. Such annotations augment the original document with additional 
information about structure, relevance, references etc. In recent times, anno
tation of digital documents has also become a major research area, and sys
tems exist for annotating web pages or PDF documents. 

Annotations can be characterized with respect to document type, anchor 
type and representation of the annotations. In general, one can distinguish 
between static - for example, text - documents and time-dependent artifacts 
such as audio, video, or integrated multimedia documents, for example, lec
ture recordings. Depending on the document type, an annotation can refer to 
the document in several ways. For example, it could be attached to the whole 
document {holistic annotation). However, in artifact-centered communica
tion there is a strong focus on the document that is discussed. Understanding 
and following the discussion process can be facilitated by knowing which 
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specific part of the artifact is referred to in a contribution. Therefore, anno
tations can also be anchored at a specific location {anchored annotation) 
within the artifact. Annotations can be anchored by spatial coordinates rela
tive to the document. This mechanism is problematic for documents with no 
fixed layout, for example, HTML. In such cases, annotations can be an
chored in specific content objects like keywords or phrases. The KOLUM-
BUS system described by Herrmann and Kienle (2003) allows the annota
tion of small units of a document, such as paragraphs. However, the docu
ment has to be split into meaningful units before. This approach can be seen 
as an annotation method somewhere in between holistic and anchored anno
tation. D3E is another example of a Web-based annotation system originally 
introduced for scholarly discussion (cf Sumner & Shum, 1998). It allows 
anchored annotation of Web documents. However, non-textual and dynamic 
elements such as video clips embedded in HTML pages can only be anno
tated as a whole. The system is thus less suitable for documents consisting 
almost exclusively of dynamic media, such as lecture recordings. 

Information in dynamic media is distributed not only over space but also 
over time (and over different perceptual channels). Therefore, annotations 
must be anchored temporally, since a pure spatial reference, as in static data, 
is not sufficient. There are different options for anchoring annotations in 
such documents. A pure temporal anchor at a point of time may be sufficient 
for annotation of video, if the notes do not refer to particular parts of the 
screen and are displayed in an extra frame. However, in learning scenarios it 
is often important to refer to a particular object that is only part of the cur
rently displayed contents. For such cases, it is more useful to provide both 
temporal and spatial anchors. For notes that are displayed directly on the 
contents, the duration of visibility is also important. Thus, an interval of time 
rather than a single point in time is required as a temporal anchor. If a true 
object-based representation of the contents is available, it may be possible to 
anchor notes directly at content objects (which implicitly yields spatial and 
temporal coordinates). In the latter case, a note would be able to move along 
with the associated object (e.g., in an animation). 

Annotations can be stored with the document itself, as is done, for exam
ple, in Adobe PDF, or separately from the artifact, for instance in a database. 
In the latter case it is necessary to save version information of the document 
with the annotations, because when the document is changed the annotations 
may not fit to the content anymore. A typical example would be an updated 
web page. 
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2.2 Representation of discussion notes 

Suthers (2001) distinguishes between different implementations of ar
ranging the discourse and the artifact serving as an anchor. In the parallel 
arrangement, the artifact and the discussion forum are physically separated 
in two different appHcations or windows. Typically this layout is useful 
when hoHstic annotations are given to static as well as continuous docu
ments. However, the users have to switch back and forth between artifact 
and communication tool. An example would be a lecture recording watched 
in a special player and a web forum for discussion displayed in a web 
browser, where users have to constantly move from one medium to the 
other. Also, users have to make references to certain parts of the artifact ex
plicit with linguistic means, unlike face-to-face scenarios, where deixis 
(pointing to something, using "this", "here", etc.) is frequently used. Simi
larly, other participants have to find the anchors before understanding the 
discussion note. 

If it is intended to give more specific feedback by annotating specific po
sitions in the artifact, this kind of layout is insufficient because references 
have to be described explicitly by the users, which can lead to misunder
standings. These disadvantages can be avoided by embedding the discussion 
in the artifact. Here, discussion items are directly inserted in the artifact at 
the appropriate places. Examples are Wiki web pages that can be edited by 
users. The main drawback of this representation style is that the discussion 
contributions are scattered over the document. For the users the coherence of 
the notes is difficult to comprehend and following the whole discussion is 
more difficult. 

A third approach, which combines the advantages of parallel and embed
ded arrangement, leaves the discussion separate from the artifact but pro
vides links to the respective reference points. Each note is linked with a spe
cific position in the document. Viewing a note scrolls the document towards 
the referring location. In some versions of this arrangement, the notes can be 
shown or hidden directly in the document. That way, it is possible to follow 
the discussion thread in a separate window note by note, or to follow the dis
cussion from the perspective of the document and view the notes anchored at 
specific regions of the artifact. 

2.3 Systems for anchored discussion of lecture re
cordings 

Anchored discussion of lecture recordings has been implemented in sev
eral systems. In the approach by Bargeron et al. (2002), the discussion notes 
are anchored at a time-stamp of the video and can only be displayed in sepa-
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rate frames next to the contents. Another shortcoming is a frequently occur
ring time delay of about 10 to 15 seconds between the relevant content and 
the notes, resulting from the fact that learners cannot comfortably navigate 
back to the exact time in the streamed video after they discover a relevant 
topic to contribute, and thus insert their notes at a later position in the docu
ment than the actual anchor. The eClass project extended their lecture re
cordings with CoWeb (Pimentel, Ishiguro, Kerimbaev, Abowd, & Guzdial, 
2001), which is based on the Wiki principle. At the end of each slide of a 
recording, learners can add notes, which can be edited by every user. A slide 
as an anchor for the annotations is very imprecise and of rough granularity. 
With the system described by Chong and Sosakul (2003) it is possible to an
notate video streams, but it is restricted to purely temporal anchors as well. 
The video sharing and annotation system VSA (Emond, Brooks, & Smith, 
2001) allows users to attach notes to streaming video. They are anchored 
only with an inexact parameter of the timeline. Among other things, teachers 
using VSA demanded more precision for the point of attachment between 
video and annotation, context dependency of annotations on the active video 
segment and video skimming capabilities for previewing video. WebCon-
stellations (Goldman-Segall & Rao, 1998) is a web-based tool for collabora
tive analysis and organization of media data on the WWW. It requires, how
ever, that the media be in a format that is playable in a browser plugin. The 
system can thus not handle hybrid documents such as state-of the-art lecture 
recordings which integrate many different media types. None of the above 
systems supports spatial references, for example, to a certain part of a slide 
in a recording. 

These disadvantages have been resolved in the Annotation Web Service, 
which was implemented as part of the Authoring on the Fly (AOF) system. 
While viewing a lecture document, learners can use a slider to visibly scroll 
to the exact point of the lecture where they want to add a note. By clicking 
directly on the associated contents, a new annotation can be created which is 
anchored both temporally and spatially in the document, as outlined by 
Fiehn et al. (2003). 
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Figure 9-2: Annotation of a lecture recording. The left side contains a view of the notes as a 
threaded discussion; the right side displays the artifact under discussion with embedded an
notations. 

The duration of visibility for each note can be set by the user who created 
the note. By defauU, a note will disappear as soon as the slide on which it 
was created is no longer visible. Each note can be minimized to an icon and 
restored to its original size. Also, they can be moved via drag and drop if 
underlying parts of the documents are hidden. In addition, all notes can be 
shown or hidden upon request. 

The scope of a note can be declared public, private, or group. While pri
vate notes are only visible to the person who authored them, public and 
group notes are shared with other learners, who see the notes both in a 
threaded overview and as virtual "sticky notes" attached directly to the rele
vant content (see Figure 9-2). These two views are linked such that clicking 
on a note in the overview will immediately navigate the multimedia docu
ment to the referenced position. 

Users may reply to any note they see, very similar to standard discussion 
forums. It is possible to anchor a reply at a position different from that of the 
original note. This is useful if, for example, a question was anchored at a 
certain point and the reply refers to a different part of the lecture recording 
that explains the answer to this question. 
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3. SCRIPTED ANCHORED DISCUSSION OF LEC
TURE RECORDINGS 

Anchoring discussions in content materials, as illustrated above, avoids 
the problem of switching between artifact and discussion forum and can thus 
overcome one obstacle that keeps learners from using such an option. How
ever, it does not mean that learners will therefore engage in a meaningful, 
structured discussion. Plotzner, Philipp, and Oestermeier (2003) have 
claimed that especially in e-leaming scenarios, where an instructor cannot 
intervene spontaneously in order to lead the learners back on the right track, 
additional and more careful pre-structuring of activities is required. Such 
pre-structuring can be realized by a script of an activity, or a cooperation 
script, if several learners are meant to collaborate. Using maps as a more 
open, self-regulated way to guide learners through the learning process is an 
alternative way to support learners, as has been suggested by Schmidt and 
Bannon (1992) as well as Herrmann and Kienle (2003). In the context of 
discussions around lecture recordings, a method using scripts seems to be an 
appropriate approach. 

For online collaborative learning scenarios, we define scripted anchored 
discussion as an activity in which several learners - synchronously or asyn
chronously - exchange structured comments or notes that are anchored in 
digital documents. The activity is sequenced in the sense that a script defines 
the set of actions allowed for any user (or, more precisely, for any role taken 
by a user) at a given time. Scripted anchored discussion is therefore a sub
class or special type of collaboration scripts. 

Net-based discussion can be structured by categorizing notes according 
to their type of contribution (note typing) or by offering sentence openers 
(prompts), as described by Baker and Lund (1997). When making a contri
bution, users can choose whether their contribution is, for example, a ques
tion, comment, new topic, and so forth. Sentence openers go one step further 
and provide users with a typical beginning of an appropriate sentence. In this 
case, users get a list from which they can choose the sentence opener that fits 
their intended discussion note. These openers implicitly represent the type of 
contribution. Both facilitation features can also be mixed in a composed 
element consisting of a note typing and an according prompt. 

All these kinds of structuring elements can be categorized according to 
the supported dimension of the collaborative learning process, like commu
nication or coordination. Furthermore, instructions on how to use a specific 
structuring element (e.g., what is a good summary) help learners using these 
facilitation features. 

In addition to the structural information regarding individual notes, a 
script usually describes the order in which certain types of contributions 
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should come. For example, in a debate a claim is usually countered or agreed 
on before a new claim is made. This sequencing can be done both by re
stricting the users' choices and by encouraging (or forcing) them to act in a 
certain way. In synchronous net-based discussion, it is important to keep the 
flow of discussion going. A script could therefore prompt users to act and 
contribute according to their current role in order to keep the discussion go
ing. For example, a user in the role of a critic may be prompted to give con
structive criticism after another user has stated a claim. In asynchronous dis
cussion, sequencing may be implemented by allowing only certain types of 
notes as responses to previous notes, or to restrict the number of new topics 
while existing topics are unresolved. The sequence and structure of discus
sions, together with the assignment of roles, has to be specified by the de
signer of the script. 

Different scripts vary regarding their degree of coercion, that is, the ex
tent to which they force users into specific actions (Dillenbourg, 2002). This 
degree of coercion is usually implemented in the user interface, more pre
cisely, in the specific instructions or choices presented to the users. How
ever, once learners begin to internalize a script, it is useful to reduce the 
level of coercion and allow the learners to make more decisions themselves. 
This could be done by fading out explicit instructions or choices, according 
to the level a user has reached. Such a script would of course need a mecha
nism to adapt to the users' progress, which can be done before starting a 
script or during the runtime of the script. Ways of adaptation can range from 
simply counting the number of times a learner has used a certain structure in 
the current session to complex learner profiles keeping track of the learning 
process over a long period of time. 

There are several existing applications that support the structuring and/or 
sequencing of net-based discussions. The learning protocol approach by 
Pfister and Mtihlpfordt (2002) supports synchronous communication in chats 
with typed contributions, explicit references to previous messages, role as
signment, and message sequencing. In first experiments, positive effects of 
learning protocols on knowledge acquisition in two domains could be 
proven. ACT (Gogoulou, Gouli, Grigoriadou, & Samarakou, 2004) is a syn
chronous communication tool which supports chats with sentence openers 
and communication acts (note typing). These communication scaffolding 
tools are adapted to the specific roles of the users and the educational objec
tive of the collaborative learning activity. With ACT it is not possible to 
make references to artifacts or to anchor contributions. Further systems in
clude CaMILE (Guzdial & Turns, 2000) and DEGREE (Barros & Verdejo, 
2000). Our approach can be seen as an extension and adaptation for time-
dependent artifacts. A scripted anchored discussion supports message typing 
as well as message prompts, and references are made to parts of the time-
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dependent artifact under discussion. Also, adaptation (fading out/in) of 
structuring elements is supported. The set of structuring elements used by 
the students may depend on the learning content and also on the study level 
of the learners. In the extended aofJSync Player, the instructor can define the 
structure types in a XML document according to a XSD. Each structuring 
element in this file is determined by a title, a category like cognition, com
munication and so forth, and instruction hints how to use this element and a 
fading level. The latter means that the lecturer can create several fading lev
els containing a subset of structuring elements which belong together and 
can be faded out together by a student. Alternatively, a user can disable each 
structuring element separately (see Figure 9-3). When using the annotation 
feature of the AOF system, students can only choose from the enabled ele
ments structuring their notes. At the moment only the manual fading has 
been implemented. We are currently investigating the possibilities of auto
matic adaptation of the scaffolding in combination with sequencing features. 

How a Node Deals with a Route Request Message 

• If B does not have a route to D, 
request message. 
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Figure 9-3: (1) Selection of a structuring element and (2) structured annotation with type and 
sentence opener. 
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4. A FORMAL MODEL FOR THE DESCRIPTION 
OF SCRIPTED ANCHORED DISCUSSION 

A conceptual question on the technical level is how to formalize scripted 
anchored discussions for lecture recordings. Besides specific modelling lan
guages such as IMS LD (cf Miao, Harrer, Hoeksema, & Hoppe, this vol
ume), there are several formalisms like Petri Nets and State Charts and mod
eling methods describing collaborative tasks. For instance, SeeMe 
(Herrmann, Hoffmann, Kunau, & Loser, 2004) is an approach for modeling 
socio-technical systems allowing the design of incompleteness and the self-
regulation of systems. The practical uses of such a model include, among 
others, the design of software which can execute scripts, the possibility to 
exchange and re-use existing scripts, and a decoupling of scripts with their 
actual presentation to the learners. 

For structuring and sequencing anchored discussions, nondeterministic 
finite state machines are sufficient (also see Haake & Pfister, this volume). 
Given a set I of roles of the participants, a set S of structuring elements like 
contribution types, prompts and composed elements as described before, and 
given a set of rules describing the sequential order of structuring elements 
depending on the roles and predecessor of contribution type, we can formal
ize a cooperation script for anchored discussions as a set of nondeterministic 
state machines. Each machine Mk = {S, Z, ^o, T, A) defines a part of the script 
in which the assignment of learners to script roles is consistent. A role 
switch for learners requires a new machine Mi and a mapping between the 
role assignment of Mk and M/. For each machine, the alphabet E consists of 
the roles and the set S contains the structuring elements. The meaning of the 
machine being in a specific state s can be interpreted as "a new structuring 
element corresponding to s has just been produced." The transition function 
T: S X Z —> P(S) is determined by the rules and sequences given by the 
script. The start state so e S is a specific state corresponding to an "empty" 
discussion. We define a set A of accept states (A cz S). If A = S then M ac
cepts every discussion process, that is, the script does not require any spe
cific structure. The discussion can stop at every step. IfAaS then a discus
sion sequence is complete only if a certain sequential order of structuring 
elements is executed by the predefined roles in the discussion. 



p. Scripting anchored discussion of multimedia lecture recordings 149 

analyzer- W first analysis 1 critic 

Figure 9-4: Representation of a scripted anchored discussion as a nondeterministic finite state 
machine. 

Figure 9-4 illustrates the state machine representing a script which re
quires a participant with the analyzer role to do a first analysis, which is 
further described in Weinberger, Fischer, and Mandl (2002). Then, a learner 
with the critic role provides constructive criticism. From that point, the dis
cussion can either be ended by a closing analysis by the analyzer, or contin
ued by a response to the criticism. In that case, the critic is required to react 
again. The loop of constructive criticism and response may be repeated as 
often as necessary until a closing analysis ends the discussion. If the script 
demands a specific number of loops of a certain sequence of actions, it is 
necessary to expand the states according to the number of loops. For exam
ple, if the above script is modified in such a way that it requires at least one 
complete loop of constructive criticism and response, two additional states 
have to be introduced. 

One drawback of current existing cooperation scripts is their fixed level 
of rigidity. Using cooperation scripts for a longer period of time can be 
strenuous and restrictive for learners. To overcome these obstacles the sys
tem should provide certain mechanisms to adapt the visibility of the coop
eration script to the user needs and learning process. One strategy is the 
more a script is used by learners the more elements are faded out. Therefore 
the teacher defines several fading levels in the configuration of the scripted 
anchored discussion. A structuring element is faded out automatically if the 
learner has played the role as often as defined by the fading level. Alterna
tively, this process can be controlled by the learners themselves. They can 
hide certain structuring elements. One open issue is the coordination of fad
ing between several users with the same role. This is the case if a learning 
group consists of more users than roles of the cooperation script. 

The fading levels are not reflected in the formalization of the script, as 
the script itself essentially remains the same and only the way of its transpar-
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ency to the learners is different. Thus, the environment handles the fading 
levels according to a specification made by the script designer. 

In addition to the facilitation for learners, who can see the type of contri
bution immediately, the system can also collect some information about the 
discussion and may even react to it, for example by encouraging a learner 
who has only made one type of note to also contribute other types. Whether 
or not this categorization should be mandatory for each discussion note and 
whether keywords or sentence openers (or both) are used of course depends 
on the script and should be made configurable. 

5. CONCLUSION AND FUTURE WORK 

Collaborative learning around multimedia documents requires tools that 
take into account the special properties of time-dependent data. Examples of 
such documents are lecture recordings, which are used extensively at univer
sities and other institutions. In order to facilitate online discussion of multi
media lectures, it is useful to allow learners to anchor each of their contribu
tions in a fme-granular way at the relevant part of the original document and 
to provide different views to the discussion. Our Annotation Web Service 
integrated in the AOF system is one implementation of such a collaborative 
tool, allowing anchored discussion of time-dependent multimedia docu
ments. 

Anchored discussion can be combined with cooperation scripts. A script 
provides structuring and sequencing information such as message typing, 
valid sequences of types, and roles that are assigned to the participants. We 
have defined scripted anchored discussion and have demonstrated that a 
script can be modelled as a nondeterministic finite state machine, where the 
states correspond with structural elements and the alphabet consists of the 
roles. 

In addition, it should be possible to fade out some of the explicit instruc
tions or restrictions of a script in the course of the learning process, as learn
ers internalize the script more and more. 

Opportunities for further research and development are manifold. If 
scripts are combined with anchored discussion they can make explicit use of 
the anchoring facility provided by the system. For example, a script could 
not only allow but demand that learners back up their statements in an online 
discussion with a reference to the relevant part in the material or a previous 
comment. For instance, if one participant contradicts another participant's 
claim, he or she must anchor that contribution at the position of the original 
document that backs up the point. This is, of course, especially useful for 
scripts that are meant to teach debate and argumentation. 
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Because of the connection between discussion contribution and parts of 
the lecture recording, a scripted anchored discussion defines a personalized 
view of the lecture recording. Learners mark sections of the document which 
are important for the achievement of the learning objectives defined in the 
cooperation script. These sections as a whole can be replayed and, depending 
on the cooperation script, they constitute a script view of the document. It is 
an open issue if, for example, students learning with a script such as guided 
reciprocal peer questioning (King, 1990) or the MURDER script (O'Donnell 
& Dansereau, 1992) produce a coherent view of the document and if these 
views really contain the important and relevant parts of the lecture. If so, 
these script views of a lecture recording would represent a new "version" of 
the lecture, which is important for the specific learning outcome modeled in 
the script. 
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FLEXIBLE SCRIPTING IN NET-BASED 
LEARNING GROUPS 

Jorg M. Haake' and Hans-Rlidiger Pfister^ 
FernUniversitdt, Hagen; ^Universitat Liineburg 

Abstract: CSCL scripts facilitate cooperative learning by constraining the activities of 
co-learners and thereby supporting coordination between distributed co-learn
ers as well as guiding co-learners through the collaborative learning process. 
So far, such scripts have been encoded in CSCL environments and their tools. 
This made flexible adaptations of scripts an expensive task, which hinders ex
perience-based improvements of CSCL scripts. In this chapter, we present a 
formal model of CSCL scripts and show how it can be used to help teachers 
and designers develop, adapt and experiment with CSCL scripts. In our ap
proach, a script is represented as an extended finite state automaton, which is 
used to control the user interface and the possible activities in a web-based 
CSCL environment. We distinguish between atomic scripts, which support a 
specific collaborative learning activity, and composite scripts, which support a 
complex collaborative learning task through a sequence of atomic or compos
ite scripts. Scripts can be created by a two-step process: defining atomic CSCL 
scripts, and linking existing scripts into a composite script for the overall 
learning activity. This approach enables the definition and reuse of CSCL 
scripts as well as their adaptation to learning groups and learning situations. 

1. BACKGROUND 

While in face-to-face (ftf for short in the following) cooperative learning 
the coordination among participants and their contributions is facilitated via 
non-verbal cues such as gestures, facial expression, prosody, and other kinds 
of informal communication, distributed net-based learning groups may bene
fit by explicit coordination efforts among learners, especially if they are 
working synchronously and are using a restricted form of communication 
such as text-based chat (Herring, 1999). Since learners and teachers are not 
accustomed to distributed collaboration, this adds considerable cognitive 
overhead to the task of learning. On the other hand, the advantages of coop-
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erative or collaborative learning (we will use both terms synonymously) in 
general have been widely acknowledged (Fischer, 2002; Slavin, 1992; King, 
this volume). 

One approach to this problem is to use computer-supported collaboration 
scripts (CSCL scripts), which control the user-interface and activities avail
able to the learners according to the sequences of activities defined in the 
script. In general, the notion of a script serves as a highly generic term to 
conceptualize the regularities imposed on actions of individuals or groups 
during collaboration, and these regularities are usually based on some peda
gogical or didactical rationale. In the context of cooperative learning, scripts 
are used to structure instructional situations in order to improve learning out
comes of individual participants as well as of the group as a whole (Hall, 
Dansereau, & Skaggs, 1990; O'Donnell, 1999; Pfister, Miihlpfordt, & 
Mtiller, 2003; King, this volume). For net-based cooperative learning 
scripted cooperation might be especially helpful, since virtual communica
tion and collaboration quite often suffer from incoherent discourses and lack 
of coordination (Herring, 1999; Jucks, Paechter, & Tatar, 2003). 

Current approaches to CSCL scripts can be categorized into informal and 
formal approaches. Informal approaches informally provide a collaboration 
procedure through instructions (which can be ignored or adapted by the 
learners). Formal approaches provide a rigid, predefined definition of the 
collaboration procedure used within the group (see also Hesse, this volume). 
Such a procedure is encoded formally into the CSCL environment, which 
enforces that the learners follow the prescribed procedure. The problem with 
the formal approach is that such CSCL scripts are difficult to define and to 
implement. Consequently, not much practical experience with formal CSCL 
scripts has been achieved. 

This chapter addresses the above problem by introducing the concept of 
flexible scripting. Flexible scripting enables teachers to easily define com
plex CSCL scripts by reusing and linking already existing scripts, and to 
execute such a CSCL script in a collaborative learning environment. Here, 
basic scripts (which are either created by software developers or by teachers 
using an end-user programming environment) are taken as atomic building 
blocks. A framework for the definition and execution of flexible scripts is 
provided. We argue that such an approach facilitates quick, effortless, and 
inexpensive experimentation with and improvement of CSCL scripts, and 
may thereby lead to increased usability of distributed CSCL situadons. 
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2. BASIC CONCEPTS AND ASSUMPTIONS 

Scripted cooperation, originating in the work of Dansereau (1988), 
O'Donnell and Dansereau (1992), and O'Donnell and King (1999), can be 
defined as a prescriptive set of rules or instructions, independent of the 
knowledge domain, how a group of learners should proceed when learning 
together (Dillenbourg & Jermann, this volume; King, this volume). The idea 
of a script goes back to Schank and Abelson (1977) who used it as an ex
planatory cognitive structure which determines how people act in specific 
prototypical situations, such as in a restaurant; the notion of a script has later 
been extended to denote the central representational structures of human 
memory (Schank & Abelson, 1995). From this theory immediately follows 
the assumption that the process of learning, including its cognitive and social 
aspects, as well as the process of preserving and recollecting knowledge, 
should be enhanced if an appropriate script can be instantiated. Hence, on 
the most general level, a cooperation script for learning should define - ex
ternally or internally - the sequence of relevant activities to be performed in 
order to attain a learning goal (Gagne, Briggs, & Wager, 1992). In the frame
work of CSCL, this happens in the social context of a group of learners, pos
sibly including a teacher or tutor, and thus needs to comprise rules for social 
interaction, especially rules for discourse (Clark & Brennan, 1991; Slavin, 
1995). 

From an applied perspective, CSCL scripts are primarily considered as 
support devices enabling learners to stick to an effective pattern of collabo
ration more easily and to obtain improved learning outcomes. There are, 
however, many variants how the support can be achieved on a practical 
level. In net-based scenarios, simple scripts can be carried out by the learners 
themselves by agreeing on a kind of social contract; this, however, is viable 
only for scripts of low complexity and for learning groups with high motiva
tion and self-control. The most frequent kind of script implementation is via 
a human tutor or moderator, assisted by instructional guidance (O'Donnell, 
1999). In this chapter we focus on technological implementation, that is, 
CSCL scripts are partly or completely implemented into the learning envi
ronment and guide the learning process implicitly by providing specific tools 
for and imposing particular constraints on the process of cooperative learn
ing. From this technical point of view, Jermann, Soller, and Muehlenbrock 
(2001) distinguish three types of support systems: mirrors, reflecting the 
learners' activities in the interface, monitors, processing and presenting ag
gregated interaction data such as communication patterns, and advisors, giv
ing explicit advice to the learners based on a theoretical model. We argue 
that we should further distinguish enabling systems, which merely provide 
opportunities for cooperation (e.g., NetMeeting), and genuine supporting 
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systems (e.g., the learning protocols in Pfister & Muhlpfordt, 2000; Argue-
Graph in Dillenbourg, 2002), which arrange the learning process according 
to some pre-defined structure and more or less oblige the participants to 
comply with this arrangements (Pfister, 2005). 

Currently, supportive CSCL scripts are almost exclusively implemented 
within the collaborative learning environment as hard-wired tools or appli
cations, that is, tailored according to one specified purpose, one didactical 
rationale, and one interface design (Haake & Schummer, 2003a, 2003b; 
Hesse, Garsoffky, & Hron, 1997; Hesse & Hron, 1999; Hoppe, Gassner, 
Miihlenbrock, & Tewissen, 2000; Hron, Hesse, Cress, & Giovis, 2000; 
Wessner & Pfister, in press; Dillenbourg & Jermann, this volume). Hence, 
they can rarely be simply reused or adapted in a flexible way to different 
groups or new learning situations. This poses a severe limitation on the ex
tensive use of CSCL scripts, because any special situation has its own affor-
dances and requirements and needs at least some modification to suit the 
needs of the learning group at hand. 

At present, there is some empirical confirmation on the effectiveness of 
special scripts in CSCL environments, though evidence is mixed. Pfister and 
Muhlpfordt (2002), Pfister et al. (2003), and Pfister, Wessner, Holmer, and 
Steinmetz (1999) provide evidence on an increase in learning performance 
when using a so-called learning protocol for explanations, that is, a struc
tured text-based learning discourse which supports the exchange of questions 
and explanations among learners and a tutor and learners. It was shown that 
especially the requirement to indicate one's reference when delivering a 
contribution enhances performance on a knowledge test (Pfister et al., 2003). 
However, this result was restricted to groups of learners greater than three 
and to the knowledge domain of scientific facts; with respect to a philoso
phically oriented knowledge domain the learning protocol had no effect. An
other instantiation of a learning protocol intended to support the co-con
struction of text summaries by a group of learners yielded mixed results; the 
reduced effectiveness probably being due to the increase in cognitive load by 
handling the complex user interface. The findings of Pfister et al. ( 2003) are 
in line with results from Weinberger, Fischer, and Mandl (2003), Weinber
ger and Mandl (2003), Weinberger et al. (this volume), and Ertl, Reiserer, 
and Mandl (2002), who implemented cooperation scripts with a video 
conferencing scenario (see also Ertl, Kopp, & Mandl, this volume). These 
studies also emphasize the specificity of scripted cooperation as employed in 
distributed net-based learning scenarios so far; what is needed is a frame
work to construct and implement effective CSCL scripts in a flexible way 
which can adapt to the requirements of a large class of learning scenarios 
without imposing unnecessary demands on the side of the users, that is, the 
learners. 
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3. SUPPORTING FLEXIBLE SCRIPTING 

A CSCL script defines a collaboration procedure to be employed by a 
learning group when solving a learning task. It does so in terms of defining 
(or designing, or limiting) the possible interaction among learners. In dis
tributed CSCL settings, such interaction is mediated through the collabora
tive learning environment. Therefore, the CSCL script expresses possible 
interactions between learners through defining possible interactions of the 
learners with their collaborative learning environment. 

It is important to note that a CSCL script does not define or model how 
learners learn internally! Rather, the purpose of a CSCL script is to help co
ordinate group interaction by suggesting or limiting possible courses of in
teraction during a collaborative learning episode. As pointed out in the pre
vious section, better coordinated collaboration should enhance performance 
by inducing cognitive processes that lead to better learning outcomes (King, 
this volume). 

Support for coordination might be directed at two levels (Fischer et al., 
this volume): Firstly, coordination on the macro-level organizes larger group 
learning phases (individual, collective, collaborative) in a leamflow (Wess-
ner, Dawabi, & Haake, 2002). For this, a CSCL script needs explicit knowl
edge about the learning process, its state, and its progress. Secondly, coordi
nation on the micro-level orchestrates single learning activities or contribu
tions within a single group learning phase. Such coordination may be facili
tated through domain specific guidance (e.g., by providing instructions for 
formulating and organizing the content to be learned), social contracts (e.g., 
conventions for use of chat), or through adaptive user-interfaces (e.g., floor 
control, process control, adaptation of the user interface to facilitate only 
permitted activities or contributions). 

The construction of CSCL scripts facilitating such coordination is a diffi
cult task. It requires an integration of the didactical approach (which sug
gests how appropriate group behavior can be achieved) and the technical 
implementation in the CSCL environment (which provides the tools and af-
fordances to carry out such group interactions). Usually, these aspects are 
meshed in the code of the CSCL environment, and thus are difficult to 
change. For example, Pfister et al. (2002) describe the implementation of 
two dedicated groupware tools offering support for exactly one CSCL script 
(cooperative text processing script, explanation script) each. Dillenbourg 
(2002) describes the ArgueGraph-Skript, which has been implemented as a 
Postnuke module (ArgueGraph 2003). 

This leads to the problem of adapting CSCL scripts to the needs of indi
vidual groups and learning situations. Hard-coded implementations of scripts 
require extensive programming to achieve these adaptations. This makes 
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reuse of scripts a costly approach, and consequently experimentation with 
and reuse of scripts is low. 

Our approach to solve these problems is based on the idea that the col
laborative learning environment should provide affordances so that a distrib
uted learning group exhibits the intended learning behavior. Intended learn
ing behavior can be expressed in a CSCL script (on the macro and micro 
level). This led to the concept of composite CSCL scripts (i.e., macro scripts 
containing other macro or micro scripts), just as structured programs contain 
procedures, which call other procedures. We distinguish between atomic 
CSCL scripts supporting a single collaborative learning activity (i.e., micro 
script), and a composite CSCL script, which consists of a sequence of CSCL 
scripts and which aims at supporting a complex collaborative learning task. 

Since the learners interact with each other via executing operations pro
vided by the CSCL environment, the availability of such operations must be 
controlled by the script. In addition, information about the status of the script 
(i.e., the state of the learning process) needs to be displayed. These two types 
of elements (available operations, and extent of status display) define what 
the script can change to provide those affordances in order to support the 
learners to follow the CSCL script. 

An editor for composite CSCL scripts helps teachers to define sequences 
of scripts. This editor facilitates reuse of atomic and composite CSCL scripts 
and allows adaptation and improvement of CSCL scripts. An execution envi
ronment for composite CSCL scripts on top of a CSCL platform supports 
easy set up and execution of composite CSCL scripts. The execution envi
ronment converts the CSCL tools into tools providing the affordances re
quired by learners following the CSCL script. 

Benefits of this approach include the easy definition of a composite script 
fi-om existing scripts, easy adaptation of composite scripts to new learning 
situations and groups, and easy set up and execution of scripts in the collabo
rative learning environment. However, this approach still requires means for 
defining simple (atomic) scripts, for example through software developers or 
through end-user programming scripting environments. 

4. DEFINITION OF COMPOSITE CSCL SCRIPTS 

We distinguish between atomic CSCL scripts aiming at coordination at 
the micro level (during a single collaborative learning phase or activity) and 
composite CSCL scripts aiming at coordination at the macro level (during 
the entire collaborative learning task composed of different phases or activi
ties). 
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4.1 Atomic CSCL scripts 

An atomic CSCL script defines the collaboration procedure employed by 
collaborative learners during a specific learning activity such as a question-
answer game. The basic idea of defining an atomic CSCL script is to define 
types of actors and possible sequences of their contributions (in terms of op
erations that they may perform in the collaborative learning environment). 
Consider the example of a Question-Answer-Script (King, this volume). This 
CSCL script is characterized by two roles (Questioner, Responder) and four 
activities: The Questioner may start a question-answer round, ask a question 
or quit the script. The Responder may answer a given question. In addition, 
after one question-answer pair, the roles are switched to ensure equal expo
sure of the learners to both roles. In order to support teachers (or tutors or 
any other individual responsible for instructional design) in defining such a 
CSCL script for an existing cooperative application, we propose to define for 
every type of user (i.e., role) the permitted behaviors in terms of macros or 
operations (i.e., sequences of atomic operations belonging to one semanti-
cally meaningful contribution within the script). In the example of the Ques
tion-Answer-Script, we need to define three macros for the Questioner role 
(for the activities start, ask, and quit), and one macro for the Responder role 
(for the activity answer). 

Our approach of defining a CSCL script consists of four steps: 

1. Definition of the roles (i.e., types of actors in the script): For each role, 
the teacher defines every permitted semantic action (type of contribution) 
as a macro having a unique semantically meaningful name (such as ask). 
As a result of this step, we get a set of distinct roles and corresponding 
sets of macros for each role. 

2. Definition of the states and the transitions between the states of the 
script: For each role, the teacher defines possible states (such as Placing 
Question and Awaiting Answer for the Questioner role in Figure 10-1) 
and connects these via transitions (arrows in Figure 10-1). Every transi
tion that a learner having this role may cause must be labeled with the 
corresponding macro name, for example the transition of the Questioner 
from Placing Question to Awaiting Answer is caused by the execution of 
the ask macro. One can imagine this step as constructing UML activity 
lanes for each role, which define states and how users of that role may 
use operations (macros) to switch between states. As a result of this step, 
we get for each role a separate finite state automaton with separate sets of 
states and macros. 
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Figure 10-1. Finite state automaton for the Question-Answer-script. 

In the case of our Question-Answer-Script, we would thus construct one 
part of the automaton for role Questioner (its transitions labeled with 
macros start, ask, or quit), and one part of the automaton for role Re
sponder (its transitions labeled with the macro answer).l\\Q teacher must 
define the initial state of the script by identifying initial states of each 
role. The execution of the script may then start by assigning users to each 
role, marking the initial states as active, and then allowing only execution 
of those actions (macros), which are labels of transitions originating from 
the current states. All other operations (macros) are not enabled in this 
state. When users perform possible actions (macros) they cause transi
tions, which will change the current states and thereby potentially change 
the operations (macros) available to the users. 
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3. Definition of collaboration behavior: Here, the teacher needs to connect 
the individual behaviors of the roles into an orchestrated network. Thus, 
the teacher has to define two types of connections: 

a) An activity of Role 1 may cause a state transition of Role 2. In the Ques
tion-Answer-Script a state transition in the Questioner part of the 
automaton happens when the ask macro is executed. The Questioner part 
of the automaton reaches a Awaiting answer state, and simultaneously the 
Responder part of the automaton executes a state transition from the 
Awaiting Question state to the Creating Answer state. Only in this state 
the responder may answer the previously created question. Thus, a tran
sition in one part of the automaton may trigger a transition in another part 
of the automaton. We therefore need to add trigger relations to transi
tions. These relations point from the source transition to a destination 
transition (which is automatically executed after the source transition was 
executed). In Figure 10-1, the trigger relation is denoted by adding an ar
row starting from a bold point in the source transition and pointing to the 
destination transition. The destination transition does not carry a macro 
name, as it cannot be triggered through executing a macro by the user 
having Role 2. Its sole purpose is to synchronize state transitions between 
parts of the automaton. 

b) An activity of one role may lead to a role change (i.e., the user having 
Role 1 may now get assigned Role 2, and vice versa). For example, in the 
Question-Answer-Script we need to switch roles after one question-an
swer pair has been finished. For this purpose, the transition labeled an
swer from Creating Answer in the Responder part of the automaton to 
Initiating Round in the Questioner part of the automaton initiates the role 
change. It uses a trigger to enforce the corresponding transition from 
Awaiting Answer in the Questioner part of the automaton to Awaiting 
Question in the Responder part of the automaton. As a result, both users 
switched roles and a new question-answer-round can begin. 

In computer science, a finite state automaton or finite state machine 
(Hopcroft & Ullman, 1979) consists of a set of states, a set of input events, a 
set of output events, and a state transition function. The state transition func
tion takes the current state and an input event and returns the new set of out
put events and the next state. Some states may be designated as terminal 
states. In the following, we will use this concept to define our notion of a 
finite state automaton that is used to control the behavior of users of an 
atomic CSCL script (see also Lauer & Trahasch, this volume). Following the 
above approach, an atomic CSCL script is defined as an extended finite state 
automaton represented by a 8-tupel (Roles, Actions, States, Transitions, 
Start, End, InputDocument, OutputDocument) with 
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• Roles is a finite set of distinct role ids (i.e., representing the types of ac
tors in the script). 

• Actions is a finite set of distinct macro ids (i.e., representing the macros a 
user may perform using the collaborative learning tool under this script). 

• States is a finite set of distinct state ids (i.e., representing the different 
states, which the script can take while being executed). 

• Transitions defines state transitions from the current state (a state taken 
by a role) of the script to the next state (a state taken by a role) of the 
script. A transition may cause another transition to be executed. Thus, 
Transitions is defined as a subset of the Cartesian product of (Roles x 
States) X Actions x (Roles x States) x (Powerset(Transitions) u nil). The 
reader should note that this definition allows transitions to cause a role 
change (e.g., in our example the transition caused by the answer macro of 
the user having the Responder role leads for this user to a state where the 
user has now the Questioner role, while the trigger relation (see 3(a) 
above) of this transition executes another transition putting the user hav
ing the Questioner Role into the Responder role. Since multiple roles 
may be affected by an action the trigger relation may activate multiple 
transitions). With this definition, a user can only have exactly one role. 
This is not a limitation, as we can model any combination of roles as new 
roles, with appropriate new states and transitions added to the automaton. 

• Start, End are distinct subsets of (Roles x States) representing the starting 
and ending states of the script (i.e., what are the initial and terminal 
assignments of roles to states). 

• InputDocument, OutputDocument are instances of documents used as 
initial input and final output of the script. 

The semantics of an atomic CSCL script is defined by its transitions. The 
outgoing transitions from a state define which macros are available for use in 
this state. Users can only select a macro available in the current state. The 
execution of the macro causes the associated transition to be executed, and 
thus the automaton assumes a new state. The overall semantics of an atomic 
CSCL script is therefore defined by all possible sequences of state transitions 
starting from any state in Start and ending when all states in End are 
achieved. 

4.2 Composite CSCL scripts 

A composite CSCL script coordinates learner interaction throughout an 
entire collaborative learning task composed of different phases or activities 
(macro level). We propose to define a composite CSCL script as a sequence 
of (atomic or composite) CSCL scripts. This allows teachers to reuse CSCL 
scripts for specific learning activities or tasks in the context of a larger col-
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laborative learning task. Figure 10-2 shows an example of a nested compos
ite script for learning how to understand vulcanism. The script consists of an 
atomic Question-Answer script on answering questions about vulcanism and 
a subsequent composite script on analyzing vulcanism; this composite script 
itself consists of two atomic scripts (brainstorming and clustering). Rectan
gles indicate scripts, rounded rectangles start and end states within sub 
automatons of atomic scripts, black circles start and end states and small 
rectangles within atomic scripts indicate states. Arrows represent transitions. 
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m ^ 

Figure 10-2. Example of a nested composite script for learning how to understand vulcanism. 

As each atomic CSCL script has defined start and end states, the transi
tion from a current script to a successor script can be achieved by activating 
the start states of the successor script when the predecessor script terminates. 
The start state of the composite CSCL script is defined by the start state of 
the first script, and the terminal state of the composite script is defined by the 
terminal state of the last script. Through this definition, the execution se
mantics of nested composite CSCL scripts is clearly defined. Thus, execu
tion of a composite CSCL script begins with executing the first script. When 
this script terminates, the next script in the sequence is executed. The execu
tion of the composite script terminates when the last script of the sequence 
terminates. 
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To allow reuse of results or artifacts created in a predecessor script, we 
use two variables in a script (namely, InputDocuments and OutputDocu-
ments) to provide successor scripts with the resulting data from a predeces
sor script during the execution of a composite CSCL script. 

One could argue that more powerful control statements are needed to 
support more complex scripts (e.g., including "if-then-else" or loops). In 
many cases, however, simple sequences are sufficient and can be supported 
by a simple user interface. If more complex cases are needed, more complex 
control structures can easily be added. The corresponding editor for com
posite scripts would then come close to a general purpose programming en
vironment and consequently more skills would be required by the users. 

Collaboration Page: Create learning sequence 

O 
Sslect which and how many components you need 

© G ® O ® 

Source file: | Volcano liM jj 

Lastly edrted by SlefanKrumm0806.D5.19:27 ) | 

Figure J 0-3. Creation dialogue of a new composite CSCL script for understanding vulcanism 
(see section 4.2). 
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5. EDITING FLEXIBLE CSCL SCRIPTS 

5.1 Editing atomic scripts 

Atomic CSCL scripts can be created in two ways: 
Firstly, developers can implement atomic scripts within the collaborative 

learning environment. In this case, the software component implementing 
the script only needs to export functions used by the execution environment 
to start and initialize the script. 

Secondly, designers or teachers could use an end-user programming envi
ronment for CSCL scripts to construct the finite state automaton representa
tion themselves. In this case, they either need to define possible actions 
(macros) by using a macro recorder approach or they need access to the 
names of operations provided by the collaborative learning environment. 
The execution environment will then call such macros (operations) of the 
collaborative learning environment when the respective transition is exe
cuted. 

5.2 Editing composite scripts 

A new composite CSCL script can simply be created in the collaborative 
learning environment. When editing the new composite script, teachers se
lect in a simple editor dialogue existing scripts and bring them into a fixed 
order (see Figure 10-3). Instances of this script can then be created and exe
cuted at run-time. 

Figure 10-3 shows how the user can create composite scripts. The avail
able component scripts are shown with an icon representing each script's 
type. The teacher starts with a script containing one component (in the upper 
part of Figure 10-3 labeled /. Component, the teacher selected a Brain
storming script). He connects this component with an input document called 
Vulcano list that contains required initial data (see input field called Source 

file in Figure 10-3). In the lower part of Figure 10-3, the teacher can add or 
remove additional components. The components are connected in the order 
in which they were added. The connection defines the temporal sequence in 
which the components will be executed as well as the data flow between the 
components. In the example, the result of the brainstorming script is used as 
the input document for the clustering script. 
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6. EXECUTION OF A CSCL SCRIPT 

In the following we assume that each learner works with a local client of 
the CSCL environment. These clients communicate with a central server in 
order to coordinate their behavior (i.e., the automaton representing the script 
is maintained only at the server). Based on the above specification of a com
posite CSCL script, a run-time environment will use the corresponding graph 
of states and transitions to compose the user interface of the cooperative 
learning tool at each client in the following manner: 

1. Initialization', For all roles (individual parts of the automaton with their 
own starting state) the environment computes the set of macros that are 
used as labels on outgoing transitions (such as start in Figure 10-1). 
These macros are executable in the current state of the individual part of 
the automaton. After assigning users to roles, the environment can pro
vide a dedicated user interface to each user based on his or her role (i.e., 
part of the automaton). It will make those macros available in the local 
client as, for example, buttons with appropriate labels at the user inter
face. 

2. Execution: When an operation is executed (e.g., the user of the local cli
ent pressed the button), the environment executes the macro at the local 
client and performs the state transition in the corresponding part of the 
automaton. Then, any triggered transitions in other parts of the automaton 
are executed. These refer to changes at the remote clients of other users 
having the corresponding roles. For every client that experiences a state 
change, the new user interface (i.e., the enabled operations) must be 
recomputed in the server and sent to the clients (see above). 

3. Termination: If a local client reaches an end state of its part of the 
automaton, this should be indicated at the user interface, as the participa
tion of this user in the script ended. 

Then, the next script in the sequence of the composite script can be acti
vated. 

During execution, the automaton of the script defines the user interface of 
each learner according to his/her role in the script. Transitions lead to state 
changes, which are reflected at the user interface of the learner associated 
with the new state. Thereby, actions of one user may affect the user interface 
of other learners. Finally, when the composite CSCL script terminated the 
artifacts produced by the learners in the script are stored in the final docu
ment produced by the last script and can be examined by a teacher. 

In the example in Figure 10-4, the users are currently in the clustering 
script of the composite script. The result from the first component (brain
storming) was automatically used as input for the clustering (see the words 
in the upper part of the figure). Users can add a new cluster by providing a 
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new cluster name and selecting (ticking) those words belonging to the new 
cluster. Selecting an existing cluster allows to change the selection of its 
words. 

Since learners interact concurrently with their user interfaces, several us
ers may cause transitions at the same time. Since we use a central server with 
transaction management, only one transition is executed - the other users 
may have to retry (if their action is still possible in the new state). This might 
cause a problem as learners may loose some input. However, this applies 
only if the new state does not allow for the same action anymore (which, 
obviously, depends on the nature of the script). If the teacher wants to avoid 
such effects a script which enforces strict turn-taking should be defined in
stead. 
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Figure J 0-4. Sample screen dump of one user participating in the execution of the composite 
script defined in Figure 10-3 

IMPLEMENTATION 

We applied our approach to the CURE web-based CSCL environment 
(Bourimi, Haake, Landgraf, Schiimmer, & Haake 2003; Haake, Haake, 
Schiimmer, Bourimi, & Landgraf 2004; Haake, Schiimmer, Bourimi, Land
graf, & Haake 2004; Haake, Schummer, Haake, Bourimi, & Landgraf 2004). 
Users direct their web browser to a login page in the CURE server. CURE 
runs in a Servlet-Container (such as Apache Tomcat) and forwards web re
quests to the appropriate servlet (i.e., code that is executed in the web 
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server). The servlet executes the appropriate code (possibly changing inter
nal states of the web server) and returns an HTML page that is displayed by 
the browser. This way, servlets can dynamically change the user interface of 
the application by taking the internal state of the web server and the user in
put into account. Atomic scripts are implemented as objects in our server. 
Composite scripts are represented internally by a script object knowing its 
component scripts and their temporal order. In addition, each script object 
keeps track of the active state for each user. 

The composite script editor is implemented as a servlet listing the exist
ing component scripts and allowing users to compose a sequence of compo
nent scripts to a composite script. This includes that the user can select the 
desired components and link them in an execution sequence. 

Composite scripts are executed by copying the script object and setting 
its active state to the start state of the top level script. User activities trigger 
servlet requests in our server, which are forwarded to the script object, which 
in turn modifies the script state according to the state transitions defined in 
the script object. As a result, a new user interface is computed and sent to the 
sender of the servlet requests (thus leading to a browser update). In addition, 
all transitions defined in a trigger relation are executed. Those will lead to 
state changes for other users, whose browsers will be notified about the 
change. Those browsers will then reload the current page from the server, 
which leads to an updated display. 

If teachers notice any problems with the script, they can edit the compos
ite script (or create a new version by copying and changing the current ver
sion of the script). Once the script definition has been changed, new users 
using the script will automatically get the new version. Thus, teachers can 
easily create, test and compare different alternatives for a composite script. 

8. DISCUSSION 

Our approach is based on modeling composite CSCL scripts as nested fi
nite state automatons, which define for a user having a certain role and state 
what operations this user may execute and what user interface this user will 
see. State transitions with triggering relationships are used to define se
quences of permitted operations. 

Usually, CSCL scripts are encoded in the CSCL tool. Thus, they are de
veloped by programmers and are usually hard to change. In our approach, 
the specification of a composite script can be changed at any time. Thus, 
experimentation with scripts becomes cheap and simple. 

In the learning domain, IMS-LD (IMS-LD, 2003) allows the specifica
tion of teaching processes. An IMS-LD specification can then be executed 
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by an execution engine such as CopperCore (CopperCore, 2004). However, 
IMS-LD describes collaboration in terms of activities, roles and the envi
ronment (incl. tools). The resulting specification expresses when certain re
sources are displayed for whom and when one can pass from one content to 
another. This coarse level of description does not allow more fme-grained 
specification of collaborative processes such as required in micro-level 
scripts. Furthermore, different synchronization behavior and awareness can
not be easily expressed. Here, the composite CSCL script approach is better 
suited. 

Workflow management systems support the definition and execution of 
asynchronous workflows. Workflow designers specify in a workflow schema 
how a task is broken down into activities, which can be assigned to workers 
having a certain role, and what the data- and control-flow dependencies be
tween activities are. At run-time, an instance of the workflow schema is cre
ated and users who may fill the needed roles are assigned to activities. The 
workflow management system ensures that the flow of activities follows the 
specified schema. The Flex-eL (Marjanovic & Orlowska, 2000) system ap
plied workflow management to support individual learning. However, as 
workflow systems do not support synchronous group activities they can not 
be used to implement synchronous CSCL scripts. 

Other computer science approaches to represent CSCL scripts include 
scripting languages and Petri-Nets. Scripting languages and scripting envi
ronments such as HyperCard (Apple, 1987) require programming capabili
ties from the users. The benefit of this approach is full control over the be
havior of the application (to the extent of the functionality of the scripting 
language). However, such scripting languages and environments are usually 
focusing on single-user or multi-user/non-cooperative settings. Thus, syn
chronization between users may need to be explicitly programmed. This is a 
tedious and error prone task, requiring experts. Our approach limits the re
quired capabilities of teachers and designers to the graphical language used 
for specifying automatons, and to the use of the specification environment 
for recording macros and specifying the scripts. This approach is feasible, 
since we assume that scripts limit available operations to meaningful se
quences. Thus, our scripts only take functionality away - although the edit
ing of macros allows the definition of composed operations (i.e., automati
cally executed sequences of operations). Furthermore, our use of the central 
web server ensures consistency in a concurrent run-time environment. 

Alternative representations of automatons are Petri-Nets. Here, a graphi
cal network of places and transitions with tokens assigned to places represent 
the states and state transitions. The benefit of Petri-Nets is their formal na
ture. The behavior of a Petri-Net can be mathematically analyzed and there 
are interpreters such as Trellis (Furuta & Stotts, 1994) that can execute a 
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Petri-Net based specification of a cooperative application. However, Petri-
Nets are quite complex and difficult for non-experts to use. Our representa
tion, in contrast, is sufficiently simple so that a team of teacher and designer 
can manage the complexity associated with the design of CSCL scripts. 

9. CONCLUSIONS 

CSCL scripts constrain and guide the behavior of distributed learners to 
potentially effective sequences of activities, and thereby facilitate coopera
tive learning. In our approach, we model permitted operations in a web-
based CSCL environment by defining macros (e.g., through implementing, 
recording and editing). We define the roles and associated cooperative be
havior by (1) creating parts of a finite state automaton for each role, (2) 
specifying in each part of the automaton the states and state transitions, 
which define what macros a user with that role in that state may execute, and 
(3) connecting the parts of the automaton via state transitions and triggering 
relationships, which model role switches and synchronization of state transi
tions. Furthermore, teachers may specify sequences of scripts for supporting 
more complex collaborative learning tasks. The resulting specification of 
atomic and composite CSCL scripts can then be executed in a CSCL envi
ronment. As a result of our approach, experimentation with variants from 
composite scripts becomes inexpensive and simple. Thus, more knowledge 
about efficient composite scripts can be collected. Furthermore, a composite 
script can now be adapted to the needs of specific groups and situations. This 
is the basis for supporting flexible scripting in net-based learning groups. 

Cumulating experience is needed to determine these building blocks, and 
to develop a methodology facilitating reuse and transfer of knowledge 
among teachers and designers concerning the construction of efficient com
posite scripts. Further extensions also concern the integration of behavior 
logging, which would enable evaluation of learner behavior. An even higher 
degree of flexibility could be achieved by relaxing the deterministic control 
towards an adaptive control, induced by a dynamic evaluation of the ongoing 
learning process, the user behavior, and the preferences of the learners. Fi
nally, the application of our approach to non web-based architectures is an 
open issue, as the distribution of functionality between clients and servers 
may affect the implementation of our approach in these systems. 
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Chapter 11 - Discussion 

ROLES OF COMPUTATIONAL SCRIPTS 

Daniel D. Suthers 
University of Hawaii 

Abstract: This chapter, which was solicited as a commentary upon the chapters of the 
computer science perspectives on scripting in the present volume, analyzes 
different roles that computational scripts are expected to play in collaborative 
learning. Three roles of computational scripts are identified and discussed: 
offloading some of the work of managing a collaborative interaction so that 
learners can focus on the learning task, guiding learners into types of interac
tions that are expected to be productive for learning, and communicating in
structional designs. Several problems for further research are identified, in
cluding exploration of the synergy between scripting and representational aids, 
and investigation of the conditions under which spontaneity of patterns of be
havior is a factor in the association of these patterns of behavior with learning. 
Given issues of learner control and the situated nature of learning, a synthesis 
of the roles of scripting is suggested that views a script as a proxy by which an 
instructional expert can participate, along with learners who draw upon the 
script as a resource, in the accomplishment of a successful collaborative 
learning episode. 

For the purposes of this chapter, collaboration scripts are devices by 
which participants' actions are regulated towards some ideal. In general, the 
concept of scripting is independent of computer technology, and can be 
studied without involvement of technology beyond using (for example) ver
bal or printed instructions. There are clear advantages to using computational 
technology, such as support for distance interaction and automated prompt
ing, but the primary variables being studied are not intrinsically properties of 
computational technology. However, since the section of this book on which 
the author was asked to comment consists of four chapters on computational 
approaches to scripting, this chapter treats scripting specifically as a form of 
computer support for collaborative learning (CSCL). 

The author has identified two major strategies for using technology in 
CSCL (Suthers, 2005; 2006). The computer-mediated communication 
(CMC) strategy treats the technology as a communication channel and tries 
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to increase the richness of that channel as much as possible. The guide-and-
constrain strategy uses technology to direct the potential actions of partici
pants towards some benefit. Scripting clearly falls in the second strategy, 
although one chapter in this section (Lauer & Trahasch, this volume) also 
makes a contribution towards the first strategy, which will be discussed 
briefly later. Two sub-strategies were identified for guiding or constraining 
participants' actions in order to benefit learning. 

One guide-and-constrain strategy is to remove obstacles to learning. 
Benefits of collaboration for learning may not be realized because CSCL 
introduces the additional task of managing the group via CMC. Scripting 
"offloads" this management, freeing up participants to focus on the problem-
solving task. The chapter by Haake and Pfister (this volume) is motivated by 
this strategy. 

The other guide-and-constrain strategy builds on research showing that 
some specific patterns of interaction are effective for learning, and tries to 
lead participants into these patterns of interaction. All of the chapters in this 
section exemplify this strategy to some extent. They differ along a contin
uum from setting up the conditions from which such interactions are hoped 
to emerge to explicitly imposing them upon participants. Macro or static 
scripts set up the conditions. Micro or dynamic scripts typically try to en
force the forms of interaction. 

Scripts are not just ways to control people or computers. They are de
signs, and we need ways to communicate designs. By providing computa
tional support for scripts as designed artifacts, we gain advantages such as 
the ability to easily edit, communicate (transmit, copy), and provide multiple 
perspectives on these designs. The chapters by Miao, Harrer, Hoeksema, & 
Hoppe (this volume) and by Haake & Pfister (this volume) make contribu
tions towards computer supported authoring of scripts. Scripts are also re
sources for learners, a perspective that is not reflected in the target chapters. 

The next three sections of this commentary will consider each role of 
scripting in turn: offloading tasks, fostering productive interactions, and 
communicating designs. The concluding discussion will point out some 
limitations of current work and discuss scripts as resources for learners. 

1. OFFLOADING TASKS 

One motivation for using scripts is to resolve a paradox of collaborative 
learning. There are known benefits of group learning: cooperation on a di
visible task can reduce task load on each individual (Steiner, 1972), and 
collaboration can increase learning effectiveness through activities that are 
more difficult to do alone, such as argumentation, explanation, and reflection 
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(Andriessen, Baker, & Suthers, 2003; Slavin, 1995). However, collaboration 
imposes an additional task on the learners: in addition to choosing actions 
within the problem domain and attending to what they are learning from 
those actions, they must also manage interpersonal relations and group func
tioning (Whitworth, Gallupe, & McQueen, 2000). Learning may be reduced 
if less cognitive resources are dedicated to the learning task (Sweller, van 
Merrienboer, & Paas, 1998). Also, Haake and Pfister (this volume) note that 
the task of collaboration in a distributed environment itself is unfamiliar. 
Computer-mediated communication lacks the cues of face-to-face interaction 
(Clark & Brennan, 1991), increasing the difficulty of managing distributed 
collaboration. Scripts can help reduce collaborative effort by imposing 
regularities or providing guidance on how to collaborate based on a theory of 
how to realize the advantages of collaborative learning. 

Yet, scripts do not come without a cost. Dillenbourg (2002) claims that 
scripts increase the cognitive load of the learner, as the learners have to 
process the script as well as the rest of their task. If reduction of load is the 
primary motivation for scripts, then they should be implemented in an unob
trusive manner not requiring the attention of the learner-participant to bene
fit. However, this recommendation must be thought through carefully. As 
Sweller et al. (1998) point out, cognitive load can either be extrinsic, intrin
sic or germane to the learning task. If the script were intended to offload 
matters that the learners need not attend to in order to learn (extrinsic load), 
unobtrusive support is desirable. If the script were intended to focus atten
tion on that which is to be learned or model strategies to be acquired (intrin
sic load), then participants would benefit from explicit reflection on and ma
nipulation of scripts (germane load). In general, cognitive resources must be 
allocated to that which is to be learned, and scripts may be a resource to
wards such an end. 

2. FOSTERING PRODUCTIVE INTERACTIONS 

The other use of scripting is based on the belief that some forms of inter
action are more effective for learning than others, and that it is worthwhile to 
make some arrangements for the appearance of such interactions in a ses
sion, as they may not occur naturally. These arrangements differ on degree 
of coercion, which corresponds roughly to the distinction between "macro" 
scripts, in which the conditions for a session (group organization, task as
signment) are set up at the outset of the session (hence remain "static" for 
the duration of the session), and "micro" scripts, that prompt for or even con
strain participants to these effective forms of interaction during a session. To 
the extent that scripting is coercive or imposed, it relies on the assumption 



180 Chapter 11 

that spontaneity in the production of these patterns of interaction is not a 
factor in their association with learning. Since this assumption is at the crux 
of the scripting enterprise, it is worth examining carefully with both theoreti
cal and empirical tools. Further work is required in this area. 

The following subsections discuss both the management of conditions for 
interaction and of the interactions themselves, and include a brief comment 
on one chapter's contribution towards improving computer-mediated com
munication. 

2.1 Setting up the conditions for interaction 

Much work on macro scripting (and some work on micro-scripting) as
sumes a situation in which a number of students are available (working 
online) and a decision needs to be made concerning who collaborates on 
what task. The granularity can range from pairing up students who are 
working independently for the purposes of one helping the other (micro-
scripting) to setting up groups to work on a task in the first place (macro-
scripting), our present focus. An overlay student model approach is common 
in the literature: If a student needs help, a helper is chosen who has recently 
solved the same problem (e.g., Ikeda, Go, & Mizoguchi, 1997). Ayala (this 
volume) describes a variation that compares individual to group models 
(rather than to other individual models), and uses Vygotsky's (1978) "zone 
of proximal development" (ZPD) as a unifying concept to both group con
figuration and task assignment at the macro level and pairing of individuals 
for help at the micro level. The learner's ZPD - the "structural knowledge 
frontier" - is identified as those knowledge elements "pedagogically related" 
(a prerequisite relation?) to those believed to be internalized. This set is 
matched to knowledge elements believed to be already internalized by others 
- the "social knowledge frontier" - in order to form collaborative groups at 
the intersection of the structural and social knowledge frontiers. The social 
knowledge frontier indicates how others in the group can act as mentors for 
present purposes. Therefore, this assignment is not based on an a-priori 
identification of teacher and learner: anyone can be mentor as well as 
learner. 

The matching just described is conducted from the point of view of an 
individual learner: one or more participants are chosen for their ability to 
help the learner, rather than considering what they can achieve jointly. Vy
gotsky's claim that every intra-psychological function appears first on the 
inter-psychological plane suggests a richer basis for group formation that we 
might explore. Any potential accomplishment of the group can be internal
ized, so we might consider not just knowledge elements as articulation 
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points between individuals and groups, but also capabilities of the group as a 
whole. 

2.2 Anchored discussion as a context for scripting 

Lauer and Trahasch (this volume) make a contribution in the first cate
gory of computer support for collaborative learning: improving CMC. These 
authors identify several limitations of online review of lecture recordings 
from a learning standpoint, including the optional and limited nature of in
teraction with the materials and the lack of interaction with other learners. 
These critiques also apply to the face-to-face lectures themselves: we can 
question why the authors would want to replicate this problematic didactic 
tradition online. Replication of a face-to-face genre online might miss the 
opportunity to design "beyond being there" (Hollan & Stometta, 1992), lev
eraging the unique opportunities of the online medium. However, Lauer and 
Trahasch do seem to have succeeded in making online lectures more attrac
tive than their face-to-face counterpart. Some technical issues are addressed 
to enable either synchronous or asynchronous "anchored discussion" of the 
video lecture materials. Parallel, embedded and linked designs are consid
ered following Suthers (2001). In the process of interacting, learners create 
value in the form of annotations and "script views" that can be exploited for 
their own or others' learning. So far, this is an expressive media solution, but 
scripting is brought in to address a perceived problem with unsupervised 
student interaction. 

2.3 Micro-managing interaction 

Work on micro-scripting, Lauer and Trahasch's included, typically as
sumes a situation in which students are already interacting online. There is 
evidence (or at least the worry) that their interactions will be ineffective 
without guidance, and the instructor cannot be "present" to provide this 
guidance (e.g., the interaction is asynchronous, or there are too many stu
dents interacting for the number of available instructors). To address this 
problem, an epistemological commitment as to what constitutes effective 
learning through collaboration is identified (e.g., Jermann & Dillenbourg, 
2003; Weinberger, Reiserer, Ertl, Fischer, & Mandl, 2005) and restrictions 
on communicative actions in the interface are written to guide or constrain 
learners to desired interactions (e.g.. Baker & Lund, 1997; Robertson, Good, 
&Pain, 1998). 

Lauer and Trahasch's chapter does not offer a theory of what constitutes 
an effective interaction, but provides an example script in which one learner 
is the analyzer and the other the critic, the two alternating as the critic pro-
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vides constructive criticism on the analyzer's analysis of the lecture materials 
and the analyst responds to these critiques. The epistemological assumption 
of this work seems to be that people learn by cognitive processing of content 
such as exemplified by the analyst and critic roles. Scripting is needed be
cause students do not naturally assume these roles. As previously noted, 
there is a critical assumption that students will engage in deeper processing 
even if coerced into doing so. 

In this author's view, a promising direction to pursue in Lauer and Tra-
hasch's program is the interplay between the representational solutions 
(interlinking discourse and content representations) discussed in the previous 
subsection and scripting that provides guidance and structure to the interac
tion using these representations. There may be a synergy between scripting 
and representational aids. For example, Toth, Suthers, and Lesgold (2002) 
showed that peer assessment rubrics - which may be seen as a form of script 
- have their greatest effect when designed in conjunction with representa
tional aids (Belvedere's evidence maps). The Toth et al. work made a com
mitment to epistemological scripting, but the results of Weinberger et al. 
(2005) suggest that exploration of representational and scripting aids for so
cial interaction may also be valuable. 

Ayala's chapter also discusses micro-level coordination of interaction. 
Students are paired up for short exchanges using reasoning about the 
learner's ZPD similar to that discussed above, and allowed to interact via a 
restricted interface that does "not allow discussion out of context of the joint 
problem" and limits communication to a set of pre-scripted messages. This 
approach will be discussed further in the concluding section. 

3. COMMUNICATING DESIGNS 

As computer scientists, the authors are concerned with identifying appro
priate computational formalisms for scripts. Finite state automata (FSA) are 
popular devices due to their simplicity and easily grasped graphical repre
sentations. FSA are sets of states connected by transitions that correspond to 
"input" symbols, which in scripting applications typically stand for actions 
taken by collaborating participants. For example, participants are classified 
into roles, and these roles are constrained to make certain moves depending 
on the state of the interaction. Lauer and Trahasch use nondeterministic fi
nite state automata to formalize scripts. Nondeterminism allows for ambigu
ity concerning which states result from a given action, providing economy of 
expression but adding no descriptive power: any nondeterministic FSA can 
be converted into a deterministic one, usually with the addition of states. 
Haake and Pfister also use an FSA representation, but they are primarily 
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concerned with the inflexibiUty of scripts. Scripts that are "hard coded" into 
a computer program are not easy to change. Their solution is to provide a set 
of "atomic scripts" and a means for teachers as well as programmers to com
pose them into larger scripts. "Flexible scripting" focuses on flexibility in 
authoring, rather than flexibility from the learners' point of view. 

The FSA representation is well suited for describing desirable sequences 
of actions, but does not provide a notation for structural descriptions, such as 
of group composition or the role of artifacts in an activity. Miao, Harrer, 
Hoeksema, and Hoppe (this volume) use the Unified Modeling Language 
(UML) for this purpose. Their work is an extension of the Instructional 
Management System Learning Design (IMS-LD), which is expressed in 
UML. Miao et al. critique the IMS-LD for several shortcomings that they 
address, most notably in modeling groups, the dynamic changing of roles in 
a group, the existence of artifacts as the product of activities independent of 
individual persons, and complex control flows. Miao et al. note that attempts 
to fix this problem by defining "group services" without actually fixing the 
model are inadequate. (The present author found similar limitations in the 
IEEE Learning Technologies Standards Committee Architecture & Refer
ence Model when advising that working group in the late 1990's.) Models 
exist not only to generate the desired behavior: they are also used by people 
for communicating instructional designs. A dialogue between this line of 
work and those working on authoring systems (Murray, 1999) is in order. Do 
Miao et al. or Haake & Pfister model pedagogical knowledge in a manner 
consistent with how educators think about their practice? This question is not 
just concerned with the usability of the interfaces provided, but also with 
whether the very assumptions of the modeling languages (independently of 
their visual representations) match educators' thinking. The answer may de
pend on who the educators are. For example, university professors and pri
mary school teachers may have different needs. 

It is conceivable that after researchers have improved the expressiveness 
of a given formalism for scripting collaborative learning, other limitations 
will be found. To what extent are we able to fully specify a learning situa
tion? For example, a person may play different roles at different moments or 
even the same moment: These roles are not properties of individuals but are 
emergent from the group interaction. There will always be some aspect of a 
learning scenario that any given modeling language leaves out. Scripts are 
guides and a partial solution: we have no choice but to partner with learners' 
improvisational abilities. Therefore, we might profitably design computa
tionally supported representations of scripts as resources for the participants 
in a learning situation, in addition to designing them as an educator's nota
tion for a high-level computer program. For example, Carell, Herrmann, 
Keinle, and Menold (2004) describe a line of work on script-like representa-
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tions with which participants articulate, negotiate and reflect on their own 
processes. 

4. SCRIPTS AS RESOURCES 

As suggested throughout this chapter, a major issue for scripts is their 
flexibility and degree of coercion. The language of deontic logic is often 
used in describing micro-level scripting: formalisms are defined indicating 
which actions are obligatory and which are permitted. Perhaps this is a sign 
that our technical solutions are heavy handed. Collaborating learners need 
help in reducing the complexity of simultaneously coordinating the group 
and interacting via CMC, and they need to be guided towards situations that 
are likely to be productive. We technologists, influenced by the formal na
ture of our tools, have responded to these needs by restricting the learner to 
actions that our formalisms permit or that our artificial intelligences can un
derstand. When people are interacting via computer media that we design, 
we can attempt to restrict their interactions, but we should distinguish what 
we can do from what we should. 

A well-known result in the field of CSCW showed the limitations of 
scripting interactions in the workplace. The Coordinator (Flores, Graves, 
Hartfield, & Winograd, 1988), an FSA-driven script for coordination of 
work related communications in an office setting, was accepted in formal 
and hierarchical organizations, but was too rigid for more creative organiza
tions. What does this result portend for scripting of interaction in educational 
settings, particularly where we seek to foster active inquiry (a form of crea
tivity) on the part of the student? Students may "play the game", complying 
with the authority of the instructor by using scripted systems if required to 
do so, but will their interactions be as effective for learning if they are 
merely following along to play the game posed to them? Furthermore, what 
have we lost by disallowing "out of context" interactions? Might "off task" 
conversation contribute to learning, for example through affective means, or 
unexpected discoveries? These are fundamental issues for scripting, and the 
lack of empirical evaluation of these and related issues in the present chap
ters indicates that further research is needed. 

It is essential to help the learner with the guidance they need without ex
cessive loss of control on their part. This hypothesis is motivated partly by 
affective reasons such as learners' sense of control, but is also based on the 
stance that learning is an interactionally and contingently achieved accom
plishment (Koschmann, Zemel, Conlee-Stevens, Young, Robbs, & Bamhart, 
2005). Scripts can't capture all the contingencies under which people accom
plish learning, because learning comes as a result of a huge variety of situa-
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tions, so it is unspecifiable in terms of the features of those situations 
(Suthers, 2005; 2006). Furthermore, it is the learners who achieve this ac-
compHshment while attempting to make sense of a situation and of their re
lationships with each other. Work in scripting to date has not adequately ad
dressed an interactionalist epistemology (Suthers, 2005; 2006) of how 
learning happens through group interaction (Stahl, 2006) in addition to 
within individual minds. At the macro level, it makes sense to have an ex
perienced instructor set up situations that generate the productive tensions 
that drive learning through interaction. At the micro level, guidance is also 
appropriate, but we should suggest rather than constrain interaction. Over-
scripting micro-interactions leaves no place for contingent achievement that 
comes out of the interaction of the individuals involved. 

Pre-authored scripts are a proxy by which an instructional expert can 
participate in the accomplishment of a successful collaborative learning epi
sode. This participation is a partnership with the participants, who though 
their own understandings and negotiations can also contribute to the success 
of the episode. Explicit and participant-editable representations of scripts 
(e.g., Carell et al, 2005) can serve as a resource in this process if designed in 
a manner that minimizes the costs of coordinating representations (van 
Bruggen, Kirschner, & Jochems, 2002). Scripts are not only for the computer 
and for the educator who would control learners through the computer: they 
are also a potential resource for the learners themselves. 
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Abstract: Computer-supported collaborative learning (CSCL) environments may encour
age learners to engage in argumentative knowledge construction. Argumenta
tive knowledge construction means that learners work together to elaborate on 
concepts by constructing arguments and counterarguments. This is achieved 
through discourse with the goal of acquiring knowledge within a specific do
main. However, learners may encounter problems relating to one of three di
mensions of argumentative knowledge construction. First, learners seem to 
have difficulties in constructing arguments that contribute to solving the task. 
Second, learners' arguments may lack important components such as data and 
warrants. Third, learners rarely build upon the arguments of their learning 
partners. Structuring argumentative knowledge construction with collaboration 
scripts is a promising instructional approach for facilitating specific process di
mensions of argumentative knowledge construction. Little is known, however, 
about how to most effectively facilitate the acquisition of knowledge by di
recting collaboration scripts at specific dimensions of argumentative knowl
edge construction. This chapter will outline the theoretical background of ar
gumentative knowledge construction and will then describe script components 
that target different dimensions of argumentative knowledge construction. The 
chapter will then discuss the empirical findings of two studies regarding the ef
fects of these script components. 

Collaborative learners are sometimes meant to construct and exchange 
arguments by collecting and balancing evidence and counterevidence 
through discourse with the goal of acquiring individual knowledge within a 
domain. Typically, however, learners do not work well on collaborative 
learning tasks in terms of constructing adequate arguments and interacting 
productively (Kuhn, Shaw, & Felton, 1997; Mandl, Gruber, & Renkl, 1996). 
Kuhn's work points out that even adult discussants rarely warrant or qualify 



192 Chapter 12 

their claims and thus rarely construct complete arguments. Furthermore, dis
cussants are often unable to balance and integrate arguments and counter
arguments critically. It has become clear that simply asking learners to col
laborate is not sufficient for fostering argumentative knowledge construction 
(Mandl et al., 1996). 

Asynchronous computer-supported collaborative learning has been re
garded as a suitable context for facilitating argumentative knowledge con
struction (Andriessen, Baker, & Suthers, 2003; Marttunen & Laurinen, 
2001). Learners communicate simultaneously or in an unspecified sequence 
via text-based interfaces and are thus able to type and read messages at their 
own individual pace. In this way, learners have more time than face-to-face 
learners to both compose their own messages and understand the messages 
of their learning partners. This time advantage may encourage learners with 
heterogeneous argumentation skills to take part in an argumentative debate. 
Besides the time advantage, learners who communicate asynchronously via 
computer can repeatedly access the arguments that have been already 
contributed and can easily revise the wording of their own arguments (see 
Pea, 1994). In text-based asynchronous communication, learners may 
compensate for individual deficits in learning prerequisites by investing 
more time in the reception and production of individual contributions. 
Learners may also take advantage of individual adaptive instructional sup
port that is provided as part of the communication interface, such as com
puter-supported scripts. The question is, to what extent single script compo
nents could be directed at specific process dimensions of argumentative 
knowledge construction to improve individual knowledge acquisition. These 
could potentially be used to varying degrees, depending on how well the 
script components are able to compensate for the deficits of the student 
learning groups. 

In this chapter, we first describe our approach to argumentative knowl
edge construction according to three process dimensions and their concep
tual relationship to individual knowledge acquisition. Furthermore, we ana
lyze how computer-supported script components may facilitate argumenta
tive knowledge construction within these process dimensions. Finally, we 
summarize and discuss the results of two empirical studies that investigate 
the effects of computer-supported script components (with specific goal di
mensions) on the processes and outcomes of argumentative knowledge con
struction. These studies have also been published in greater detail (see 
Weinberger, Ertl, Fischer, & Mandl, 2005 and Weinberger, Stegmann, & 
Fischer, 2005). 
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1. ARGUMENTATIVE KNOWLEDGE CONSTRUC
TION 

In argumentative laiowledge construction, learners acquire knowledge 
through the elaboration of learning material by constructing arguments. 
Typically, argumentative knowledge construction scenarios are based on 
collaborative learning tasks (Leitao, 2000). For instance, learners may be 
provided with contrasting hypotheses about a problem and then argumenta-
tively discuss, which hypothesis applies (Kollar, Fischer, & Slotta, 2005). 
Learners also engage in argumentative knowledge construction when work
ing on open-ended and complex problem cases for which they have to create 
and balance multiple hypotheses (Means & Voss, 1996). Our approach to 
argumentative knowledge construction in collaborative, problem-based sce
narios differentiates between three process dimensions, namely an epistemic 
dimension that describes arguments as steps towards solving the learning 
task, an argument dimension in which formal criteria for the composition of 
arguments are represented, and a dimension of social modes of co-construc
tion that represents how learners interact with one another. This interaction 
is described in terms of how the learners relate their own arguments to the 
arguments of their learning partners (see Weinberger & Fischer, 2006). 

1) The epistemic dimension refers to the question of how learners work 
on the tasks they are confronted with, for example, by constructing relation
ships between the conceptual space and the problem space (Fischer, Bruhn, 
Grasel, & Mandl, 2002). Arguments may provide hypotheses on how to 
solve complex tasks. Learners relate the theoretical concepts of a given the
ory to the information in a problem. The epistemic dimension of arguments 
can indicate which concepts learners refer to and how learners connect con
cepts to solve a problem. This dimension can also show the extent to which 
learners are able to adequately apply knowledge. Collaborative learners do 
not always apply knowledge appropriately. When learners verbalize inap
propriate applications of knowledge, there is a chance that their learning 
partners may adopt these misconceptions (e.g., Jeong & Chi, 1999). In this 
respect, the epistemic dimension of arguments is an important component of 
argumentative knowledge construction. Depending on how well learners are 
able to construct arguments relating to the epistemic dimension, they may 
acquire adequate knowledge or misconceptions (Weinberger, 2003). 

2) The argument dimension comprises how learners construct arguments 
with regard to defining formal relationships between specific components of 
arguments, such as claims, data, and warrants. Toulmin (1958) has put for
ward a structural model of single arguments that is made up of several com
ponents. In this model, a single argument consists of Si claim, which is a con
clusion that is being presented and justified in the argument. The claim is 
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based on a datum, which is a fact that is supposed to support the claim. A 
warrant specifies the principle of how the datum supports the claim. Some
times a warrant itself needs support, which is called backing. Thus, the 
backing indicates the principle upon which the warrant is based. Arguments 
may optionally also provide components that limit the validity of the claim 
and anticipate counterarguments. The qualifier indicates the extent to which 
the datum warrants the claim or may limit the validity of a claim. A rebuttal 
serves to anticipate parts of a counterargument that attack the data, the war
rant, or the backing. 

Toulmin's model poses an alternative to formal logic, which is closer to 
everyday reasoning in uncertain situations based on probabilities. However, 
Toulmin's model has been criticized for difficulties in distinguishing be
tween the single components of the model in everyday argumentation, for 
example, distinguishing backing from data or differentiating between a 
qualifier and a rebuttal (Voss & van Dyke, 2001). We will therefore apply a 
condensed argument model using the components of claim, datum with war
rant and qualifier. 

How is formal argumentation structure related to individual knowledge 
construction? When learners construct arguments they elaborate and self-
explain the learning material (Baker, 2003). These self-explanations help 
learners integrate new information into existing cognitive structures (Chi, 
Bassok, Lewis, Reimann, & Glaser, 1989). In terms of Toulmin's model 
(1958), self-explanation could be described as a process of composing an 
argument from several components. From this perspective, learners are sup
posed to seek data that supports or opposes a claim, make an inference 
through a warrant that indicates how the data supports a claim, and limit the 
validity of a claim by constructing qualifiers. 

3) The dimension of social modes of co-construction indicates how learn
ers interact with one another. In this dimension, a number of social modes of 
co-construction and their relationship to individual knowledge construction 
have been identified. These indicate the different degrees to which learners 
operate using the reasoning of their peers (Fischer et al., 2002; Teasley, 
1997). For instance, when building consensus in a conflict-oriented manner, 
learners need to pinpoint specific aspects of their peers' contributions and 
either modify them or present alternatives. In these terms, learners need to 
build their reasoning more closely upon the reasoning of their peers when 
working to build consensus in a conflict-oriented manner. This is in contrast 
to quick consensus building, that is, when learners only appear to accept the 
contributions of their learning partners in order to continue with discourse 
(Weinberger, 2003). The extent to which learners operate on the reasoning of 
what has been said before in discourse has been termed transactivity of dis-
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course, which is known to be positively related to individual knowledge ac
quisition (Teasley, 1997). 

Table 12-1, Process dimensions of argumentative knowledge construction (see Weinberger & 
Fischer, in press) 
Process dimension answers the question 
Epistemic dimension How do learners' arguments contribute to 

solving the task? 
Argument dimension How do learners construct arguments for

mally? 
Dimension of social modes of co-construction To what extent do learners operate on the 

reasoning of their learning partners? 

In summary, we propose to include three process dimensions for the 
analysis and facilitation of argumentative knowledge construction based on 
problem-oriented learning tasks (see Table 12-1). The processes of argu
mentative knowledge construction can be analyzed on a) an epistemic di
mension (constructing arguments that contribute to solving a task), b) an 
argument dimension (building formally complete arguments), and c), a di
mension of social modes of co-construction (operating on the reasoning of 
learning partners). 

2. SCRIPT COMPONENTS FOR ARGUMENTATIVE 
KNOWLEDGE CONSTRUCTION 

Argumentative knowledge construction is based on the assumption that 
learners need to construct arguments appropriately in order to benefit from 
collaborative learning environments. One approach for facilitating the out
comes of argumentative knowledge construction is to support learners in 
constructing arguments appropriately. Collaboration scripts provide an in
structional approach that aims to facilitate the processes of argumentative 
knowledge construction. 

Collaboration scripts were initially developed to encourage college stu
dents working in dyads to acquire knowledge from texts on the natural sci
ences (O'Donnell & Dansereau, 1992). Collaboration scripts provide more 
or less explicit and detailed instructions for small groups of learners on what 
activities need to be executed, when they need to be executed, and by whom 
they need to be executed in order to foster individual knowledge acquisition. 

Prototypical scripts are instructed prior to collaborative learning. Partici
pants are trained to engage in the scripted collaborative activities, which are 
in turn supposed to facilitate the individual acquisition of knowledge. In 
computer-supported collaborative learning, there is typically no opportunity 
for antecedent collaboration training. Thus, computer-supported coUabora-
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tive learning (CSCL) is often facilitated by the design of the interface (Baker 
& Lund, 1997; Scardamalia & Bereiter, 1996). Learners communicating via 
these interfaces are, to varying degrees, implicitly guided to engage in ac
tivities, as the interface suggests or limits specific discourse activities 
(Runde, Jucks, & Bromme, this volume). Computer-supported scripts simi
larly aim to directly influence the interaction patterns of collaborative learn
ers rather than train learners prior to actual collaboration. 

When analyzing collaboration scripts in the context of argumentative 
knowledge construction, it can be noted that scripts typically aim to facilitate 
different process dimensions simultaneously. For instance, prototypical 
scripts may support epistemic activities, for example, summarizing a para
graph, as well as specific social modes, for example, criticizing the contri
butions of the learning partner (O'Donnell & Dansereau, 1992). Little is 
known about the effects of single script components that target specific 
process dimensions on knowledge construction. In research on collaboration 
scripts, Larson and colleagues (1985) compared the effects of script compo
nents with different, specific goal dimensions, namely an elaborative and a 
metacognitive script component. The elaborative script component sup
ported elaborative activities by modeling the role of a recaller, who was 
given the task of personalizing information or of using imagery to help re
member the learning material. The metacognitive script component modeled 
the role of a listener who was given metacognitive tasks, such as error de
tection. The metacognitive script component impeded individual knowledge 
construction, whereas the elaborative script component facilitated individual 
knowledge construction. This study thus indicates that differentiated effects 
can be expected from script components with specific goal dimensions. Lar
son and colleagues (1985) argued, for instance, that some script components 
may also distract learners from learning goals. It is important to expand re
search on script components with single goal dimensions in order to better 
understand why and what kind of script components facilitate argumentative 
knowledge construction. The research should also analyze possible side ef
fects that single script components may have on the processes and outcomes 
of argumentative knowledge construction. We may thus accumulate knowl
edge on how multiple processes of argumentative knowledge construction 
interact and affect individual knowledge acquisition. 

With reference to the framework of argumentative knowledge construc
tion, we differentiate between epistemic script components, argumentative 
script components, and social script components (Weinberger & Fischer, 
2006). 

Epistemic script components aim to structure the discourse activities of 
collaborative learners with respect to the content of the discussion and with 
regard to the steps towards solving the task. Epistemic script components 
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may support learners in finding adequate task strategies and may ask learners 
to elaborate on aspects of the task they would not normally consider (cf. 
Reiser, 2002). Approaches that we classify as epistemic script components 
may thus map expert-like strategies onto the interaction of learners 
(Dufresne, Gerace, Thibodeau Hardiman, & Mestre, 1992; Herrenkohl and 
Guerra, 1998). For instance, these components provided collaborative learn
ers with task strategies such as predicting and theorizing, summarizing re
sults, and relating predictions and theories to results. As these qualitative 
studies indicate, epistemic script components may need to be reinforced by 
social script components. 

Argumentative script components aim to support the construction of ar
guments in terms of warranting and qualifying claims based on argument 
models such as Toulmin's (1958). Argumentative script components aim to 
help learners construct formally adequate arguments and thus better elabo
rate the learning material (Andriessen et al., 2003). As learners supplied with 
argumentative script components are supposed to formulate better arguments 
in discourse, learners may also acquire knowledge on how to argue within a 
scientific domain. 

Social script components specify and sequence the interaction of learners 
in order to promote knowledge construction (King, 1999). Social script com
ponents may thus support learners to engage in adequate interaction strate
gies that they would not apply spontaneously. For instance, social script 
components may facilitate transactivity by asking learners to respond criti
cally to the contributions of their learning partners. Social script components 
typically also have learners rotate to work on different activities (e.g., Her
renkohl & Guerra, 1998). The reciprocal teaching approach (Brown & 
Palincsar, 1989), for instance, assigns the roles of a teacher and a learner for 
various text comprehension tasks. 

In summary, prior research on different script components found that not 
all components are equally effective for promoting knowledge construction. 
Some script components appear to distract learners from the actual task or 
replace central learning activities rather than support learners in engaging in 
the activities themselves. To date, there has been little systematic research on 
the effects that various script components have on argumentative knowledge 
construction. Furthermore, most research on scripts deals with trained face-
to-face learning environments rather than computer-supported scripts. There
fore, there is little knowledge about how specific computer-supported script 
components with different goal dimensions can facilitate the processes and 
outcomes of argumentative knowledge construction. 
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3. GOALS OF THE EMPIRICAL STUDIES 

The goal of the empirical studies is to investigate the effects of computer-
supported epistemic, argumentative and social script components on argu
mentative knowledge construction. These single script components focus on 
different process dimensions of argumentative knowledge construction and 
may have differentiated effects on its outcomes. We conducted two studies 
in order to investigate how individual computer-supported script components 
can facilitate argumentative knowledge construction (for further details see 
Weinberger, Ertl, et al., 2005; Weinberger, Stegmann, et al., 2005). 

4. METHOD 

The results are based on a one factorial analysis and single group com
parisons of the experimental groups with epistemic, social, and argumenta
tive script components with the control group. Each experimental group in 
the two studies consisted of 24 students. Thus, 96 participants in 32 groups 
of three entered the statistical analyses. The methods that were used in each 
of the studies were identical. 

4.1 Sample and setting 

First-semester educational science students from the University of Mu
nich participated in the studies. The students took an obligatory introduction 
course to educational science. One of the regular face-to-face sessions of the 
course was transformed into an online learning session. Participation in this 
session was required in order to receive a course credit at the end of the se
mester. The learning outcomes of the experimental session, however, did not 
count towards the students' overall performance. The introduction course 
sessions normally consist of a one hour lecture and a successive two hour 
seminar. Similarly, the collaborative online learning session took three 
hours. The students were randomly assigned to the experimental conditions 
in groups of three. Participants in each group of three were separated from 
each other in different laboratory rooms and communicated asynchronously 
with the help of web-based discussion boards in a computer-supported learn
ing environment. 
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4.2 Learning task 

The task of the participants was to apply the attribution theory of Weiner 
(1985) to three problem cases (see Table 12-2 for an example of a problem 
case) and reach agreement on a final analysis for each case. 

Table 12-2. One of the three problem cases, namely the "math case", learners needed to ana-
lyze and discuss 
As a student teacher in a high school, you participate in a school counseling session with 
Michael Peters, a pupil in the 10* grade. 

"Recently I've started to realize that math is just not my thing. Last year I almost failed math. 
Ms. Weber, my math teacher, told me that I would really have to make an effort if I wanted to 
pass 10* grade. Actually, my parents stayed pretty calm when I told them this. First mom said 
that nobody in our family is a math whiz. My father just kept smiling and told the story about 
how he cheated on his final math exams by copying from other students and using cheat 
sheets. 'The Peters family,' he said, 'has always been a math teacher's nightmare'. Once 
when I was slightly tipsy at a school party, I told this story to Ms. Weber. She said that it was 
not a bad excuse, but not a good one either. She said it was just one of a number of excuses 
you could come up with to justify being lazy. Last year I barely made it through mathematics, 
so I am really nervous about the upcoming school year!" 

The descriptions of the problem cases were embedded into the web-based 
learning environment, so that the participants could study the problem case 
while composing new messages on the web-based discussion boards. 

4.3 Computer-supported learning environment 

All groups collaborated in three web-based discussion boards - one for 
each case. The web-based discussion boards provided a main page with an 
overview of all message headers. In this overview, answers to original mes
sages appeared in outline form. The learners could read the lull text of all 
messages, reply to the messages, or compose and post new messages. In the 
replies, the original messages were quoted out with > as in standard news
readers and e-mail programs. 

4.4 Procedure 

Prior to collaboration, the randomization of participants was successfully 
controlled using individual questionnaires and tests, for example, on prior 
knowledge, ambiguity tolerance, and computer experience. Subsequently, 
learners were able to study a three page summary of the attribution theory 
for 15 minutes. Learners were allowed to make notes and keep the text and 
their notes during the collaborative phase. The collaboration time, in which 
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learners communicated with each other via asynchronous, text- and web-
based discussion boards, was 80 minutes in all experimental groups. All dis
course activities were recorded within the web-based discussion boards to 
collect data on the dimensions of argumentative knowledge construction. 
The experimental conditions differed only with respect to the computer-sup
ported script components that were implemented using the interface of the 
computer-supported environment. After collaboration, learners were tested 
for individual domain-specific knowledge using individual post-tests similar 
to the pre-tests on prior knowledge. 

4.5 Instruments 

In order to analyze the extent to which the script components influenced 
the processes of argumentative knowledge construction, we segmented and 
analyzed each of the single arguments the learners put forward in the written 
discourse on the epistemic dimension, the argument dimension, and the di
mension of social modes of co-construction. On the epistemic dimension we 
differentiated, for instance, between adequate or inadequate arguments in 
terms of the relationships the learners constructed between concepts and case 
information. With respect to the argument dimension, we coded the com
pleteness of arguments according to a model of arguments consisting of 
claim, datum with warrant, and qualifier. We also coded the arguments with 
regard to their social mode. The interrater reliability was sufficiently high 
(for a detailed description of the process analyses see Weinberger & Fischer, 
2006). 

Pre- and post-tests consisted of problem cases comparable to the three 
cases learners were asked to analyze during the collaborative phase. The 
case analyses the learners needed to produce in the pre- and post-tests were 
segmented into units consisting of a theoretical concept applied to problem 
case information. In a manner similar to the process analysis, these units 
were coded with respect to their adequacy in terms of the relationships 
learners constructed between theoretical concepts and case information to 
indicate domain-specific knowledge. The adequacy of the individual 
learner's case analyses in the pre- and post-test was determined by their fit to 
expert solutions of the problem cases. These expert solutions particularly 
stressed the application of multiple perspectives to the cases. 

More detailed information on different aspects of the quantitative analy
ses of the individual empirical studies has been provided in various publica
tions (e.g., Weinberger, 2003; Weinberger, Ertl, et al., 2005; Weinberger & 
Fischer, 2006). 
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4.6 Treatments 

The following experimental groups were examined in Study 1: 
The control groups accessed the three distinct web-based discussion 

boards of the CSCL environment to read or contribute messages. When 
composing a new message, learners were free to choose to start a new dis
cussion thread or to reply and contribute to an existing discussion thread. 

The epistemic script component group could access and contribute to the 
web-based discussion boards in a manner identical to the control group, but 
whenever a new discussion thread was started, the text window was struc
tured with prompts of the epistemic script component. These prompts asked 
learners to separate relevant from irrelevant case information, structured how 
learners applied theoretical concepts to the problem cases, and asked learners 
to suggest future developments of the case and pedagogical interventions 
(see Figure 12-1). 

Case information, which can be explained with the attribution theory 

Relevant terms of the attribution theory for this case: 

Does a success or a failure precede this attribution? 

Is the attribution located internally or externally? 

Is the cause for the attribution stable or variable? 

Does the concerned person attribute himself/herself or does another person 

attribute him/her? 

Prognosis and consequences from the perspective of the attribution theory: 

Case information which cannot be explained with the attribution theory: 

Figure 12-1. Prompts of the epistemic script component to apply the concepts of Weiner's 
(1985) attribution theory to problem cases. 

The groups with the argumentative script component were provided with 
three text windows named claim, datum with warrant and qualifier. Learners 
were supposed to collect at least one datum for their claim, explicit the war
rant for how the datum supports the claim, and provide a qualifier for their 
claim by filling out all three text windows (see Figure 12-2). Subsequently, 
learners could click an "Add"-Button which displayed the three argument 
components in the actual text window of the web-based discussion board. 
Learners could add any number of arguments in the main text window. 
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Claim Datum with warrant 1 
ALtribuLinq i:st.oi*r.ai ^ ;;!c- s.^ys LhaL he is not. gifted and 

jail aLLritjution on own giftcdncss is jj 
i 

Qualifier 

I 

as inuorr.al and stable by 
heory 

Fohrhaps he didn't tell the truth 
|in thiis cour.selinq acsjion and he 
b{now5 that ho is only lazy. 

Title: 
1. 
Claim: 
Hichael' 3 parents axe attributj-ng external stable 
Datun with warrant: 
They say they are not yiftetl and therefore Kichael ia not not gifted, 
too. An Attribution un gi£twdi;ouu iii u«ur. aa iitternal and stable by 
Heiner"s theory, 
Qualifier: 
Perhaps the paxenta do no*, believe in this, but try to be rnaightfully ̂  

Figure 12-2. User interface realizing the argumentative script component with four text win
dows: claim, datum with warrant, qualifier, and message body. 

The learners in the social script component groups were assigned two 
roles - a) analyst for one of the cases with the task of composing initial and 
concluding analyses of the case and responding to critiques, and b) con
structive critic for the other two cases with the task of repeatedly criticizing 
the case analyses. The number of messages was determined by the social 
script component (one initial case analysis, two critiques, two replies to the 
critiques, two more critiques and one concluding analysis). These messages 
given by the social roles were automatically sequenced, that is, learners were 
led through each discussion board to submit eight messages in total (see Fig
ure 12-3). Furthermore, the single messages were supported by prompts 
within the text windows such as "These aspects are not clear to me yet", 
"We have not reached consensus concerning these aspects" or "My proposal 
for an adjustment of the analysis is". 
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-'<^ New analysis of t3ie math caae -.. Pinie, 12.1.2001 -11:49:34 

-»i First analysis of the math case -.. Pinie. 12.1.2001 - 10:44:05 

h-Ht# Consliuctive critique -.. Ahom, 12.1.2001 -10:58:35 

- - ^ Reply to criticrue -.. Pirie, 12.1.2001 -11:06:56 

^ - ^ Constructive critique -.. Ahom, 12.1.2001 - 11:31:07 

"t* Conslmctive critique -.. Bu-kc, 12.1.2001 -10:51:45 

*^-^ Reply to critique -.. Pmic, 12.1.2001 -11:10:13 

"̂ -»ti Constructive critique -„ Birke, 12.1.2001 -11:21:06 

Figure 12-3. Structure of a discourse supported with the social script component with an ini
tial analysis of the math case, two constructive critiques, two replies of the case analyst to the 
critiques, two more critiques and a new analysis of the case by the case analyst. 

5. RESULTS 

The epistemic script component reduced the amount of off-topic dis
course and focused learners' discourse on just a few new and adequate 
knowledge concepts. The learners who were supported by the epistemic 
script component contributed more to solving the problem cases than learn
ers without the script component (see Table 12-3; see also Makitalo, 
Weinberger, Hakkinen, Jarvela, & Fischer, 2005; Weinberger, 2003; 
Weinberger, Ertl, et al., 2005). 

Table J2-3. Example of a learner's message with a case analysis supported with the epistemic 
script component. 

Does success or failure precede this attribution? 
- failures 
Is the attribution located internally or externally? 
- internal 
Is the cause for the attribution stable or variable? 
- Michael and his parents: stable causes (talent) 
- Teacher: variable causes (effort) 
Who is attributing? Self or other? 
- Michael 
- His parents 
- The teacher 
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The epistemic script component, however, also affected the argument 
dimension and the dimension of social modes of co-construction. Learners 
with the epistemic script component constructed less formally complete and 
less transactive arguments than learners without the epistemic script compo
nent. 

The argumentative script component reduced off-topic discourse and fa
cilitated the formally adequate construction of single arguments. Learners 
with the argumentative script component warranted and qualified their 
claims substantially more frequently than learners without this script compo
nent (see Table 12-4). 

Table 12-4, Example of a learner's message with a case analysis supported with the 
argumentative script component. 

Claim: 
in this case, it has to be an internal stable attribution 
Datum with warrant: 
parents say that 1.) the whole family was not "witty" in math and the father adds 
that he barely passed his math exam. 
internal because talent is to be located within the person and stable because tal
ent does not change. 
Qualifier: 
i can't think of any 

However, this script component also impeded the content quality of the 
single arguments and reduced the adequate application of new knowledge 
concepts that were to be learned (see also Weinberger, Stegmann, et al., 
2005). 

The social script component reduced off-topic discourse and facilitated 
the dimension of social modes of co-construction of argumentative knowl
edge construction. The discourse of groups with the social script component 
was more critical and transactive than the discourse of groups of learners 
without social script component (see Table 12-5). 

Learners supported with this script component operated more on the rea
soning of their learning partners. Additionally, the social script component 
seemed to foster epistemic activities. Learners supported with this script 
component engaged more frequently in epistemic activities to solve the 
problem case than learners without this script component (see also 
Weinberger, 2003; Weinberger, Ertl, et al., 2005 for more detailed process 
analyses). 
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Table 12-5. Example of a learner's critical reply supported by the social script component. 

These aspects are not clear to me yet: 
What attribution according to attribution theory can be applied? If mother is not 
talented - so is the son? 
We have not yet reached consensus concerning these aspects: 
The teacher does mention that it is only his laziness; she doesn't explain it to 
him, however. 
My proposals for an adjustment of your analysis: 
Proposal for a solution: Parents should attend a re-attribution training! 

Regarding individual know l̂edge acquisition, large improvements v êre 
observed between pre- and post-test for learners in all experimental groups, 
including the control group. The results further support the notion that the 
acquisition of individual domain-specific knowledge can be influenced by 
specific script components implemented within CSCL environments. The 
epistemic script component impeded the individual acquisition of knowledge 
compared to the control group. The argumentative script component did not 
facilitate knowledge acquisition beyond the levels of the control group. The 
social script component, however, proved to support the individual acquisi
tion of domain-specific knowledge. After the collaborative learning phase, 
learners provided with the social script component were better able to indi
vidually apply different concepts to problem cases than learners without the 
social script component (see Weinberger, Ertl, et al., 2005; Weinberger, 
Stegmann, et al., 2005). 

6. CONCLUSIONS 

The studies investigated the effects of different script components on ar
gumentative knowledge construction in computer-supported learning envi
ronments. The learning environments investigated differed only with respect 
to the script components, namely (1) the epistemic script component, which 
structured how learners handled the task and which concepts they used, (2) 
the argumentative script component that asked learners to warrant and qual
ify their claims, and (3) the social script component that aimed to facilitate 
how learners interacted with each other. All computer-supported script com
ponents substantially reduced off-topic discourse and facilitated the specific 
processes of argumentative knowledge construction that they were focusing 
on. Based on these findings, all script components seem to have the general 
effect of focusing learners on the task. Script components guide and inform 
learners of what to do next to solve the task in one way or another. There-
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fore, learners seem to have less opportunity to engage in off-topic discourse. 
Apart from this general effect, script components can be very specific. Script 
components with single goal dimensions can be implemented deliberately 
into CSCL environments to address specific shortcomings in the interaction 
of groups of learners rather than providing a "one-script-fits-all" model. 

The results indicate that epistemic script components help learners to 
construct arguments that contribute to solving problem cases, but that learn
ers do not necessarily benefit from this support with regard to individual 
knowledge acquisition. One explanation for this could be that epistemic 
script components might not sufficiently support joint elaboration of the 
learning material, but rather function as checklists. Thus, epistemic script 
components may enable learners to solve the tasks with a limited elaboration 
of the learning material. In order to avoid this elaboration-reduction-effect, 
epistemic script components may need to be faded out. It may also be neces
sary in some cases to make collaborative learning tasks harder instead of 
simplifying the collaborative learning task in order to facilitate the active 
elaboration of the learning material (Palincsar & Herrenkohl, 1999; Reiser, 
2002). Furthermore, the degree to which epistemic script components de
mand the elaboration of learning material or "micromanage" the task may 
depend on the prior knowledge of the participants. It may prove unnecessary 
to provide epistemic script components to learners with above-average prior 
knowledge and skills. Advanced learners may already possess functional 
strategies for solving a task and additional epistemic scripting might simply 
distract learners from the actual task (see Larson et al., 1985). In order to 
avoid this over-scripting effect (Dillenbourg, 2002), epistemic script compo
nents may need to be carefully matched with the individual prior knowledge 
of the participants. Too much or too detailed epistemic scripting may impede 
the elaboration of the learning material and the interaction of learners; par
ticularly when the script oversimplifies the task and divides it into subtasks 
that can be worked on by each learner individually (Cohen, 1994). 

The argumentative script component, like the other script components, 
facilitated the process dimension that it targeted. This study showed that ar
gumentative script components are able to support argumentative knowledge 
construction in both the formal argumentation process dimension during dis
course and individual knowledge acquisition. Scripting the construcdon of 
arguments may support learners in elaborating the learning material. By con
structing formally complete arguments with claim, datum, warrant, and 
qualifier, learners need to self-explain the learning material, which may fa
cilitate the acquisition of knowledge (Baker, 2003). Learners supported with 
the argumentative script component may have elaborated the learning mate
rial better than learners without the script. Learners did not always use the 
appropriate concepts to solve the task, however, and may thus have elabo-
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rated prior knowledge using misconceptions rather than the knowledge that 
was to be learned. Argumentative script components in this way may func
tion as a thinking tool to amplify elaboration, but fail to prompt learners to 
use the relevant knowledge concepts that are to be learned. 

The results further indicate that social script components may facilitate 
social modes of co-construction, epistemic activities, and the individual ac
quisition of knowledge. Collaborative learners without support from a social 
script component often build a minimal consensus in order to hastily com
plete collaborative tasks or do not collaborate on the learning task at all. In 
contrast, social script components support learners in inquiring about the 
contributions of the learning partners more critically and thereby help them 
acquire more knowledge individually than learners without additional sup
port in the dimension of social modes of co-construction (see King, 1999; 
Palincsar & Herrenkohl, 1999). This critical approach to the contributions of 
the learning partners has also appeared to facilitate the elaboration of the 
learning material. One explanation could be that socially scripted learners 
engaged in more transactive discussions and appeared to benefit to a greater 
extent from the contributions of their learning partners (Teasley, 1997). An
other explanation is that learners with the social script component elaborated 
the learning material to a greater extent, because they anticipated critique 
from their learning partners. This explanation is in line with studies that in
dicate that only the expectation of externalizing knowledge facilitates learn
ing (Renkl, 1997). 

In summary, computer-supported script components can be designed to 
facilitate specific process dimensions of argumentative knowledge construc
tion. Script components that "micromanage" discourse on an epistemic di
mension may cause learners to focus on solving the task at hand without 
elaborating the learning material. In order to foster the elaboration of the 
learning material and individual knowledge acquisition, script components 
may need to target not only the epistemic activities, but also focus on social 
modes of co-construction in argumentative discourse (see Herrenkohl & 
Guerra, 1998; Palincsar & Herrenkohl, 1999). Conversely, script compo
nents that are aimed at formal aspects of argument construction without ad
ditionally fostering epistemic activities or social modes of co-construction 
may not be able to help learners achieve better results than without support 
from a script. Content-independent argumentative script components may 
aid elaboration, but hold the danger that learners may not be able to select 
the appropriate concepts that are supposed to be elaborated. The social script 
component of this study, in contrast, managed to not only facilitate transac
tive discourse, but also supported the epistemic activities of learners. This 
indicates that transactivity can be essential to argumentative knowledge con-
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struction and can be facilitated beyond the levels that collaborative learners 
would spontaneously achieve (Teasley, 1997). 

7. FUTURE RESEARCH 

CSCL environments offer a suitable context for scripting the interaction 
of learners. Clearly, there is further need to examine beneficial interactions 
of script components for CSCL, for example, investigating epistemic script 
components which do not micromanage interaction of learners in combina
tion with social and argumentative script components (see Ertl, Kopp, & 
Mandl, this volume). Individual cognitive processes and their relationship to 
various process dimensions and outcomes of argumentative knowledge con
struction may explain to a greater extent how learners benefit from argu
mentative knowledge construction scenarios. Text-based CSCL may provide 
a unique opportunity for investigating the cognitive processes of learners. 
While engaging in written communication, learners may simultaneously 
provide information about their cognitive activities through think-aloud-
techniques. We also need to better understand how scripts interact with 
learners' prior knowledge and skills, which may be represented as internal 
scripts in contrast to external, computer-supported scripts (Carmien, Kollar, 
G. Fischer, & F. Fischer, this volume). Therefore, an important question for 
future research of CSCL environments is how scripts can be designed not to 
substitute, but to facilitate discourse and cognitive activities related to indi
vidual acquisition of knowledge. In these terms, we need to further investi
gate the interaction of different script components that may be adapted to the 
already existing internal scripts. Design environments need to be developed 
in order to improve the impact of computer-supported script research in 
practice at schools and universities. These environments should facilitate the 
adaptive combination of script components with different representations 
that can be used relatively independent of the computer support available in 
classrooms. 
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SUPPORTING COLLABORATIVE LEARNING IN 
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Abstract: Studies have shown that videoconferences are an effective medium for 
facilitating communication between parties who are separated by distance. 
Furthermore, studies reveal that videoconferences are effective when used for 
distance learning, particularly due to their ability to facilitate complex collabo
rative learning tasks. However, as in face-to-face communication, learners 
benefit flirther when they receive additional support for such learning tasks. 
This chapter provides an overview of two empirical studies that offer general 
insights regarding some effective and less effective ways to support collabora
tive learning with videoconferencing. The focus is on collaboration scripts that 
serve to provide task-specific support and content schemes that serve to pro
vide content-specific support. Based on the results of the two studies, conclu
sions can be drawn about the support measures for promoting learning. Con
clusions can also be reached about the need for employing both content 
schemes and collaboration scripts to provide learners with the most benefit. 

Videoconferences are regarded as highly beneficial mechanisms for fa
cilitating collaborative distance learning. In contrast to text-based communi
cation, videoconferencing enables learners to interact more frequently and 
thus supports learners in solving complex tasks (see Anderson et al., 1997; 
Pachter, 2003). Furthermore, the use of shared applications allows learners to 
work collaboratively on a written solution to a problem while discussing im
portant aspects of that solution. 
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However, as collaborative problem solving is a complex task in itself, 
learners need support when performing such tasks. When employing support 
measures that are widely used in face-to-face and text-based learning sce
narios, the following question arises: To what degree are these measures 
applicable for learning in videoconferencing? For example, trainings (see 
O'Donnell & Dansereau, 2000; Rummel & Spada, this volume) that are 
widely used in face-to-face situations may be difficult to realize when learn
ers are separated by distance. Furthermore, cues, such as sentence openers or 
prompts that are often used in text-based learning environments (see 
Weinberger, Fischer, & Mandl, this volume), may prove ineffective in spo
ken communication as they may be ignored in the natural flow of spoken 
communication. 

Thus, it seems necessary to develop new methods of support for collabo
rative learning in videoconferencing. A key support feature may be the 
shared application, which is central to computer-mediated communication 
(see Baker & Lund, 1997; Dillenbourg & Traum, 1999). Videoconference 
participants can access shared applications on their computer screens and can 
easily manipulate the contents of these shared applications. Furthermore, the 
shared application may be pre-structured to provide instructional support and 
thereby function as a representational context for the learners (see Baker & 
Lund, 1997; Fischer, Bruhn, Grasel, & Mandl, 2000; Suthers & Hundhausen, 
2001). This context may change the learners' perception of the task and thus 
guide them to a better solution. 

This chapter discusses ways to support collaborative learning in video
conferencing and compares two different support measures. The first support 
measure is a collaboration script that pre-structures the learning task. This 
method is widely used in scripted collaboration research. The second support 
measure is a content scheme that focuses learners' attention on important 
aspects of the subject matter and is realized through a pre-structured shared 
application. Through two empirical studies, the effects of both support meas
ures are compared with respect to collaborative learning outcomes and indi
vidual learning outcomes. 

1. COLLABORATIVE LEARNING 

Collaborative learning in small groups means that groups act relatively 
independent of a teacher with the goal of acquiring knowledge or skills (see 
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Cohen, 1994; Dillenbourg, 1999). One major goal of collaborative learning 
is to support social interaction and encourage the learner's cognitive proc
esses. In this context, learners' elaborations are seen to play a crucial role 
(see Webb, 1989; Webb & Palincsar, 1996) for expressing their knowledge, 
ideas and beliefs to their partners (see O'Donnell & King, 1999; Palincsar & 
Brown, 1984; Rosenshine & Meister, 1994). There are three specific mecha
nisms in collaborative learning that should be emphasized: the tendency for 
cognitive conflicts to arise (Doise & Mugny, 1984; Nastasi & Clements, 
1992; Piaget, 1932), the need for elaborated explanations and negotiations 
(Webb, 1989; Webb & Palincsar, 1996) and the co-construction of knowl
edge (Bruhn, 2000; Fischer et al., 2000; Roschelle & Teasley, 1995). These 
socially mediated learning processes should foster individual cognitive en
gagement with the learning material and consequently benefit learning out
comes. 

In the context of collaborative learning, it is also necessary to consider 
the conceptualization of learning outcomes. There are two main ways to as
sess the benefits of a collaborative learning scenario: either collaboratively 
on a group level or individually on the learner level. 

The collaborative learning outcome is the success all learning partners 
achieve together. Due to the interdependent nature of the group task that re
quires the various contributions of every group member to solve it, learning 
success can be measured through the quality of the group product. This can 
be recorded through a case solution that learners develop during collabora
tion (see Hertz-Lazarowitz, Kirkus, & Miller, 1992) or through a test the 
learners complete collaboratively after collaboration (Salomon, 1998). 

The individual learning outcome is based on the knowledge or skills 
which the individual learns through interaction with others. The main objec
tive is to discover how much of the knowledge that is co-constructed in the 
collaboration can be transferred to the individual situation. There are many 
different potential learning measurements: tests (Jeong & Chi, 1999; 
Lambiotte et al., 1988) to measure factual knowledge acquisition as well as 
case solutions to measure applied knowledge acquisition (Bruhn, 2000). 

However, there are differences in the interpretation of such learning out
comes (see Anderson, Reder, & Simon, 1996; Greeno, 1997; Hertz-
Lazarowitz et al., 1992; Salomon & Perkins, 1998; Slavin, 1995; Webb, 
1989). These involve the degree to which individual knowledge assessment 
is able to evaluate effects of collaborative knowledge construction or the de
gree to which a group assessment can provide indications about an individ
ual's learning progress. 
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Characteristics of collaborative learning in videoconferencing. In video
conferencing, collaboration processes may change depending on the various 
media being used. Such changes can also affect learning outcomes. During 
videoconferencing, the synchronous interaction of the learners can be guided 
by the transmission of audio, video, and data. Studies on the usage of video-
conference systems for small groups highlight the importance of the quality 
of the audio transmission (O'Connaill, Whittaker, & Wilbur, 1993): The 
collaboration scenario will only be successful if the audio transmission is 
reliable, specifically if sound bytes are not lost and audio delays are not more 
than 500ms (see Finn, Sellen, & Wilbur, 1997; O'Connaill et al, 1993). An
other important component is video. A connection via video can modify the 
perception of the learning partners. During videoconferencing, some com
munication cues such as facial expressions and gestures may not fully be 
transmitted (see Bruce, 1996). It is also not possible for participants to make 
eye contact. Eye contact is particularly important for controlling the commu
nication in groups (see Anderson et al., 1997; Isaacs & Tang, 1997; Joiner, 
O'Shea, Smith, & Blake, 2002). In these ways, communication in videocon
ferencing scenarios can differ from face-to-face settings. In spite of these 
differences in learning discourse, results from research conducted to date 
suggest that learning outcomes are not affected by videoconferencing (see 
Anderson et al., 1997; Bruhn, 2000; Fischer et al., 2000; Pachter, 2003). 

Moreover, videoconferencing offers new methods for supporting collabo
ration and learning processes. One key feature of videoconferencing systems 
that provides this assistance is application sharing when it is used to transmit 
data. Using application sharing, learning partners in videoconference settings 
are able to access and modify the same content on their individual screens 
(Dillenbourg & Traum, 1999). When sharing an application, learners in dif
ferent locations have the ability to work on the same document simultane
ously and to collaborate to find a written problem solution. Learners are able 
to disseminate their knowledge with the help of the shared application. In 
short, shared applications can support the interaction and the exchange of 
knowledge through discourse. Furthermore, the interaction between the 
learners is simplified because they can refer to the shared information with
out having to provide further explanations to their collaboration partners 
(Roschelle & Teasley, 1995). Another important aspect of shared appHca-
tions is the salience of their contents (Suthers, 2001). This salience of this 
permanent joint knowledge representation influences the co-construction of 
knowledge (Dillenbourg & Traum, 1999) and allows for modifications and 
improvements. Furthermore, the concept of salience can be useful and im-
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portant for specifically supporting collaborative learning in videoconferenc
ing. Important aspects of the collaborative task can be made salient and 
therefore foster collaborative learning through videoconferencing. 

2. FOSTERING COLLABORATIVE LEARNING IN 
VIDEOCONFERENCING 

As collaborative learning can be deficient in certain areas, e.g., due to dif
ferences in expertise (Slavin, 1995), differences in status (Cohen & Lotan, 
1995) or dysfunctional group phenomena (see Salomon & Globerson, 1989), 
collaborative learning may impede the results of collaborative and individual 
learning outcomes. Therefore, it is necessary to provide support for the 
learners. Such support strategies focus mainly on improving collaborative 
learning processes, either by offering collaboration strategies in the form of 
collaboration scripts or by presenting content processing strategies in the 
form of content schemes. Both approaches will be characterized in the fol
lowing sections. 

2.1 Collaboration scripts 

There has already been a large amount of research on strategies for im
proving the collaboration process that are widely used in scripted coopera
tion (see O'Donnell & King, 1999) or cooperative teaching (O'Donnell & 
Dansereau, 2000) research. These scripts mainly structure collaborative 
learning by assigning specific activities to the learners. Such activities are 
mainly content-independent; however, they are tailored to the task at hand, 
e.g., learning a theory or solving a problem. In many studies, beneficial ef
fects of collaboration scripts were found in face-to-face scenarios (see 
O'Donnell & Dansereau, 1992; O'Donnell & King, 1999; Palincsar & 
Brown, 1984; Rosenshine & Meister, 1994). Recently, collaboration scripts 
have been increasingly used in text-based learning environments (see 
Weinberger, Fischer, & Mandl, this volume) and in videoconferencing (see 
Rummel & Spada, this volume). The main results of these studies show that 
collaboration scripts can have a beneficial influence on learning processes. 
However, there are no consistent results regarding learning outcomes. 

Scripts may vary in many aspects. In the context of this chapter, we will 
focus on the aspects of sequencing collaboration and strategy application. 
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The aspect of sequencing collaboration is based on the script definition of 
Schank and Abelson (1977) stating that, when performing such procedures, it 
is advantageous to internalize routine procedures as a fixed script in memory. 
In the context of collaborative learning, this implies that once learners have 
internalized the script for performing a particular learning task (e.g., problem 
solving), they will be able to perform this task better in future situations. 
Furthermore, this kind of sequencing can serve as a model for learners to 
perform the task like an expert (see Collins, Brown, & Newman, 1989). The 
second aspect of strategy application means that learners are encouraged to 
apply beneficial learning activities when working collaboratively. In a meta-
review, Rosenshine, Meister and Chapman (1996) found that, in particular, 
the strategies of summarizing and questioning provide beneficial learning 
activities for the learners. 

2.2 Content schemes 

While collaboration scripts encourage learners to focus their attention on 
specific activities, there are also strategies for encouraging learners to focus 
on specific contents. Brooks and Dansereau (1983) call them content 
schemes. Such schemes provide the representational context for a task by 
providing placeholders for important dimensions of content. Providing ex
ternal schemes can modify the representational context of a task. According 
to Zhang and Norman (1994), modifying the representational context of a 
task may also change learners' subjective representation of this task and 
thereby influence their ability to solve the task. The modified representa
tional context of a task may not only affect the learners' task solution when 
using this external scheme, but may also have an effect without the scheme. 

Using content schemes in collaboration means that no specific activities 
are assigned to the learners, but that learners gain an increased awareness of 
important concepts and categories of the subject matter. The awareness of 
particular contents focuses the learning process on these contents and ensures 
that these contents receive increased attention. Usually, the specific contents 
are displayed permanently during the learning session, either on a style sheet 
(see Brooks & Dansereau, 1983) or within the user interface on the computer 
(see Fischer, Bruhn, Grasel, & Mandl, 2002; Slotta & Linn, 2000; Suthers & 
Hundhausen, 2001). In this context, Suthers and Hundhausen (2001) refer to 
the concept of salience: Through permanent display, these contents remain 
salient during collaboration. Due to this salience, Suthers and Hundhausen 
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(2001) postulate a "representational guidance" that states that the representa
tion of these concepts can guide and focus learners. This representational 
guidance can be an important mechanism for supporting the collaborative 
learning process. However, representational guidance also implies that the 
representation must be present to have an effect. For this reason, representa
tional guidance and salience may be adequate support mechanisms during 
collaboration, but their effects after collaboration remain unclear (see also 
Salomon, 1992). For making predictions about long-term effects, one could 
rely on the concept of the representational guidance or look to the concept of 
the modified representational context. Considering the concept of represen
tational guidance, content schemes may have effects similar to textual cues, 
prompts or scaffolds, which are only temporary support for the learners (see 
Rosenshine & Meister, 1992). In contrast, assuming that content schemes 
modify the representational context of a task, learners would perceive this 
task differently Qvery time they work on this task - even if the content 
scheme is not present. 

Until recently, the effects of content schemes were mainly studied within 
the context of individual learning (see Brooks & Dansereau, 1983; Kotovsky 
& Fallside, 1989; Kotovsky, Hayes, & Simon, 1985; Larkin, 1989; Zhang & 
Norman, 1994; Zhang, 1997) and only little was known about the effects of 
such mechanisms on collaborative problem solving (see Fischer et al., 2002; 
Suthers & Hundhausen, 2001). Results of the Fischer et al. (2002) study that 
investigates the effects of structural visualization similar to mapping, indi
cate that the content scheme is beneficial to the learning process and to col
laborative learning outcomes. Suthers (2001) also reported similar results 
with respect to tabular schemes. However, there is little information regard
ing the influence of content schemes on collaborative learning in videocon
ferencing. Fischer et al. (2000) and Bruhn (2000) discovered that content 
schemes modified the collaborative learning processes in videoconferencing; 
however, content schemes did not seem to affect collaborative or individual 
learning outcomes. Since shared applications play a very prominent role in 
videoconferencing, the assumption can be made that interventions imple
mented through a shared application could be quite beneficial for collabora
tive learning scenarios. 
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3. RESEARCH QUESTIONS 

Our basic research question examines the degree to which support meas
ures implemented in the shared appHcation - such as content schemes - af
fect collaborative and individual learning outcomes during collaborative 
learning in videoconferencing. The next objective is to discover the degree to 
which these effects differ from the effects of well-known support measures 
such as collaboration scripts. For this reason, we will compare two collabo
ration scripts with two content schemes that have been specifically designed 
for learning in videoconferencing. A further consideration focuses on the 
potential interactions between the collaboration script and the content 
scheme. Finally, we present our results concerning individual and collabora
tive learning outcomes. 

The studies were conducted during the last few years. Study 1 analyzed 
the effects of a collaboration script and a content scheme on collaborative 
teaching (see table 13-1; Ertl, Reiserer, & Mandl, 2005). Study 2 was cen
tered around the effects of a collaboration script and a content scheme on a 
collaborative problem-solving scenario (Kopp, Ertl, & Mandl, 2004). 

Table 13-1. Participants, task and subject matter of the two studies. 

Study 1 

Study 2 

Participants 
86 (43 Dyads) 

159 (53 Triads) 

Task 
Collaborative 
Teaching 

Problem-Solving 

Subject matter 
Theory of Genotype 
Environment 
Effects 
Attribution Theory 

In the following sections, we will first describe each individual study an
swering the following research questions: 

• To what extent do collaboration scripts affect collaborative and individ
ual learning outcomes in videoconferencing? 

• To what extent do content schemes affect collaborative and individual 
learning outcomes in videoconferencing? 

Then we will compare the results of the two studies regarding the influ
ence of the different types of support within the two studies. 
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4. STUDY 1 

The particular aim of Study 1 was to discover the degree to which a col
laboration script and a content scheme, when used within a dyadic collabo
rative teaching scenario, could foster learners' collaborative and individual 
knowledge acquisition in videoconferencing. 

4.1 Method of study 1 

In study 1, learners worked within a collaborative teaching scenario. To 
understand the contents of a theory text, one learner took the role of a teacher 
while the other learner assumed the role of a learner. In preparation for the 
collaboration, the learner in the teacher role worked on a text individually. 
This text dealt with the theory of Genotype Environment Effects (see Scarr, 
1984), which contained both theoretical concepts and evidence. After this 
individual preparation, the collaboration started. During collaboration, the 
person learning from the text functioned as the teacher, while the second 
person assumed the role of the learner. Both learners had the task (1) to study 
the most important contents of the theory text, both theoretical concepts and 
evidence and (2) to discuss their own reflections, ideas and comments on the 
subject. To achieve this, the learner in the teacher role was asked to explain 
the contents of the theory text to the learner in the learner role. Using a 
shared application (text editor), both learners had the opportunity to collabo
ratively create shared representations of theoretical concepts, evidence and 
personal elaborations, such as the consequences of the theory or their per
sonal opinion. 

Dyads were randomly assigned to one of four conditions. The first two 
conditions involved either the factor of collaboration script or content 
scheme. In a further condition, collaboration script and content scheme were 
combined, while learners in a control condition had no additional support. 

Following the collaborative learning unit, domain-specific knowledge 
was assessed on an individual basis, without any of the support measures. 

4.1.1 Collaboration script for collaborative teaching 

The collaboration script structured the collaborative learning unit in two 
different respects. Firstly, it provided the learner with different phases in 
which to communicate the contents of the text. Furthermore, it provided spe-
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cific activities for each phase to be undertaken by the learners in both the 
teacher and learner role. J\\Q first phase of the script served to facilitate the 
communication of the text by the teacher. The task of the learner in the 
teacher role was to explain the contents of the text. The partner in the learner 
role was asked to listen and to query the information as soon as anything was 
unclear. In the second phase, the learners deepened their comprehension of 
the text. In both phases, they worked together on a shared representation of 
the main contents of the text in the shared application. The partner in the 
learner role had the task of summarizing the contents and important points in 
the text editor; the teacher was given the task of supporting the learners in 
this activity. In the third phase of the script, both learning partners reflected 
individually on the contents of the text and considered any unanswered 
questions. In ihQ fourth phase, the learners discussed the text and were given 
time for individual reflection. Then the partner in the learner role was tasked 
with capturing important notes from the discussion as a shared representa
tion. 

4.1.2 Content scheme for collaborative teaching 

In the condition where learners used the content scheme, the scheme 
structured the shared application during the collaborative learning unit. Us
ing this scheme, both partners were asked to consider the following catego
ries: theoretical concepts, evidence, consequences and personal opinion. 
However, the condition did not explicitly sequence these topics or specify 
which of the partners should fill in the scheme. Both partners were asked to 
describe basic theoretical concepts in the category entitled theoretical con
cepts and present studies that supported the theory in the category entitled 
evidence. They used the category entitled consequences to capture personal 
elaborations on the applicability and limitations of the theory. The category 
QnXiXlQd personal opinion allowed learners to present a personal evaluation of 
the theory and to provide an assessment. The scheme helped both partners to 
differentiate between theoretical concepts and evidence and supported them 
in their personal elaborations. The abstract categories were made more con
crete by the questions contained in each category (see table 13-2). 
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Table 13-2. Structure of the content scheme 
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Theoretical concepts 
What are the core concepts of the theory? 
What are the most important statements of the 
theory? 

Consequences 
Which pedagogical interventions can be 
derived from the theory? 
Which Hmitations of pedagogical 
interventions are set by the theory? 

Evidence 
How was the theory examined? 
Which findings support the thveory? 

Personal opinion 
What do we like about the theory? What do 1 
we not like? 
Which of our own experiences confirm the 
theory? Which of our own experiences 
contradict the theory? 

4.1.3 Instruments 

In order to measure the collaborative learning outcome, the concepts that 
were written down in the shared application were analyzed with respect to 
the areas of theoretical concepts, evidence and personal elaborations. These 
units of meaning were either summed together into a score for theoretical 
concepts or for evidence. For the evaluation of the personal elaborations, a 
similar method was employed. The sum was made of all comprehensibly 
elaborated units of meaning in the document. The individual learning out
come was measured by free recall; learners were asked to write down the 
most important contents of the theory text from memory. This test was also 
utilized for theoretical concepts and evidence. 

4.2 Results of study 1 

The collaborative learning outcome comprised the areas of theoretical 
concepts, evidence and personal elaborations. There were significant effects 
of both interventions in the area of theoretical concepts. On the one hand, the 
use of the collaboration script for collaborative teaching resulted in learners 
capturing significantly more units of meaning in this area (see figure 13-1). 
On the other hand, the use of the content scheme for collaborative teaching 
led learners to capture significantly less units of meaning in the area of 
theoretical concepts. There were no significant differences regarding 
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evidence. With respect to personal elaborations, results indicate a clear effect 
of the content scheme: learners with the scheme externalized significantly 
more elaborations than learners without the scheme. 

In addition, there was a significant interaction effect between scheme and 
script. The interaction indicates that the combination of both support meth
ods resulted in the most adequate solution of the task by drawing attention to 
theoretical concepts, evidence and personal elaborations. Regarding absolute 
values of all categories, learners in the control group captured the least num
ber of units of meaning while learners with content scheme and collaboration 
script performed best. 

N 0,2 

Theoretical concepts Evidence 

•E = f̂eB 
E!at>oration 

D Control D Scheme B Script • Scheme + Script | 

Figure 13-1. Collaborative learning outcome of study 1. 

In summary, the collaboration script and content scheme had different ef
fects on the collaborative learning outcome, that is, on the group product 
both learners built together. Learners with the script worked more on theo
retical concepts than other learners. In contrast, learners with the content 
scheme worked less on theory concepts, but much more on personal elabora
tions. When both support measures were combined, these effects counter
balanced one another and learners with both support measures achieved the 
most adequate task solution. 

With respect to individual learning outcomes, the results of the learners 
in the learner role are described, because only these results reflect the effects 
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of the collaborative learning unit. In the area of theoretical concepts, the 
collaboration script or the content scheme had no significant effects. The 
factors of collaboration script or content scheme also had no significant ef
fect on evidence. 

4.3 Discussion of study 1 

The results of Study 1 show the effects of both the collaboration script 
and the content scheme with respect to the collaborative learning outcome. 
The collaboration script was shown to be especially effective in the area of 
theoretical concepts. This result may be attributed to the structure of the col
laboration script, which encouraged learners to deal with the core of the the
ory twice: once in the first phase of the script, when the learner in the learner 
role was explained the text material, and again in the second phase, when the 
learner in the learner role had to recall and record them. This learning by 
teaching (see Renkl, Mandl, & Gruber, 1996) may have led to a higher ac
tivity level of the learner in the learner role (see Reiserer, 2003) who had to 
document the collaborative learning outcome. The content scheme mainly 
influenced the area of personal elaborations. Learners with content scheme 
benefited from the mechanisms of representational guidance (see Suthers & 
Hundhausen, 2003) and focused on elaborations. For this reason, they tended 
to neglect theoretical concepts. 

There were no apparent effects on individual learning outcomes. Thus, 
the question arises as to why the clear effects of the interventions on the col
laborative learning outcomes were not evident in the individual learning out
comes. This may be, on one hand, related to the support of collaborative 
teaching and differences in the concepts of collaborative and individual 
learning outcomes (see Hertz-Lazarowitz et al., 1992; Salomon & Perkins, 
1998). As the support measure was aimed at the teaching process, it may not 
have been helpful for individual learning transfer (see Ertl, Fischer, & 
Mandl, 2006). On the other hand, the results relating to the content scheme 
can be explained with the mechanisms of representational guidance (Suthers 
& Hundhausen, 2001). Important concepts were salient during the process 
but not during the individual posttest. In a manner similar to cues, the con
tent scheme of the first study was a temporary support measure (see Rosen-
shine & Meister, 1992), which was only effective during the time the learn
ers got it presented. For this reason, the content scheme was not able to 
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change the learners' perception of the task according to Zhang and Norman 
(1994). 

Consequently, for the learners in Study 2, we chose a different task: col
laborative problem solving. We expected that strategies which were seen as 
helpful during collaborative problem solving would also be applied during 
the individual problem solving process after collaboration. Furthermore, we 
anticipated that we could design a content scheme that would change learn
ers' perception of the task and thus have a lasting effect. For the problem 
solving activity, we decided to work with triads for a more stimulating dis
cussion process. 

5. STUDY 2 

The aim of Study 2 was to investigate the effects of a collaboration script 
and a content scheme on collaborative problem solving in videoconferencing 
triads. 

5.1 Method of study 2 

The learning environment consisted of an individual and a collaborative 
learning unit. At the beginning of the exercise, learners worked individually 
on a text about the Attribution Theory with core concepts according to 
Heider (1958) and Kelley (1973). In the collaborative learning unit, all three 
learners worked together on the solution of a learning case. They were given 
case material, which contained somewhat different information for each 
learner. The learners' task was to discuss the case according to the Attribu
tion Theory and to fmd evidence from the case material and relate it to theo
retical concepts. Doing this, they had to name causes for success or failing, 
to find case information about the consensus and about consistency of the 
cause and to determine the attribution accordingly. At the end of discussion, 
learners were asked to document a case solution in the shared application 
(text editor). A collaboration script and a content scheme were used as sup
port measures during the collaborative learning unit. In a further condition, 
the collaboration script and the content scheme were combined, while learn
ers in the control condition had no additional support. After collaboration, 
each learner worked on a case individually and without any further support. 
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5.1.1 Collaboration script for collaborative problem solving 

The collaboration script structured the collaborative unit in four phases. 
In ^Q first phase, learners were asked to read case material and to work indi
vidually to extract information that was important for the case solution. In 
the second phase, the learners had to exchange information and to collabora
tively resolve comprehension questions. They used a shared application for 
documenting concepts that were important for the case solution. In the third 
phase, learners had to reflect individually about the comprehensiveness of 
the information they had collected. During thQ fi)urth phase, the learners had 
to collaboratively develop the case solution. 

5.1.2 Content scheme for collaborative problem solving 

The participants using the content scheme received a pre-structured 
shared application (text editor). Learners followed the structure of the table, 
which was divided into three main categories (see table 13-3): Cause, for 
collecting the causes for the problem described in the case, Information for 
finding case information providing evidence for the cause and Attribution for 
making the correct attribution of the cause. The categories Information and 
Attribution each contained two subcategories: Information was divided into 
columns for Consensus and Consistency for making these two aspects of the 
attribution theory salient. Attribution was split into Kelley and Heider for 
guiding learners to attribute according to both theories. Using this scheme, 
learners would be able to record complete attributions according to Kelley 
and Heider with causes and case information about consensus and consis
tency. 

Table J 3-3. Structure of the content scheme 
Cause Information about 

Consensus Consistency 
Attribution according to \ 
Kelley Heider 
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5.1.3 Instruments 

Chapter 13 

In order to measure the collaborative learning outcome, the contents of 
the shared application were analyzed. A coding system was developed in 
accordance with the different categories of the attribution theory in which all 
causes, information and attributions were listed in an identifiable way with
out any overlap. Case information and theory concepts were assessed and 
each category summed up into a single score. A short case after collaboration 
was used to measure individual learning outcome. The analysis of this case 
was similar to the collaboratively solved case: scores were given for case 
information and theoretical concepts. Points for each category were then 
summed up as a single score. During the individual post-test case, learners 
received no support. 
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Figure J3-2. Collaborative learning outcome of study 2 

5.2 Results of study 2 

The content scheme had a strong and significant effect on the collabora
tive learning outcome. Learners with the scheme externalized nearly double 
the amount of theoretical concepts than learners without the scheme. Re
garding the collaboration script and regarding case information, there were 
no significant effects. Descriptively, learners with content scheme and col-
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laboration script scored the highest, while learners using only the collabora
tion script scored the lowest (see figure 13-2). 

Regarding individual learning outcomes, the content scheme also proved 
to be highly influential. In the category of theoretical concepts, learners with 
the content scheme achieved a significantly higher score. The collaboration 
script had no significant effect. However, regarding all outcome measures, 
learners who were given both the collaboration script and the content scheme 
descriptively scored the highest. 

5.3 Discussion of study 2 

In summary, we can conclude that the content scheme greatly influenced 
collaborative and individual knowledge acquisition, particularly in the cate
gory of theoretical concepts. The effect during the process may be attributed 
to the salience of the relevant categories. Learners who used the content 
scheme may have experienced representational guidance (see Suthers & 
Hundhausen, 2001). However, even without the scheme, learners internal
ized these categories and applied them individually. Therefore, one can as
sume that the content scheme was able to modify the learners' perception of 
the task (see Zhang & Norman, 1994). Learners perceived the task of per
forming an attribution differently; in particular to find causes, evaluate con
sensus and consistency of the causes and decide on an attribution based on 
these evaluations (see Ertl et al., 2006). 

The collaboration script had no significant effect. The reason for this may 
lie in the quite general structure of the collaboration script. These general 
activities do not appear to be very helpful when used without content-spe
cific context. According to the script conceptualization of Schank and 
Abelson (1977), learners might also have to use this script more often to in
ternalize it and benefit from it. However, results revealed that the collabora
tion script was able to further improve the effects of the content scheme. 
Thus, both support measures should be implemented together to foster the 
acquisition of knowledge. 

6. GENERAL DISCUSSION 

The aim of this chapter was to analyze the effects of collaboration scripts 
and content schemes on collaborative learning in videoconferencing. Fur-
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thermore, the collaboration script was compared with the content scheme to 
examine which would best support collaborative learning in videoconfer
encing. 

The collaboration scripts used in both studies were of a similar structure 
to the scripts known from Scripted Cooperation (see O'Donnell & 
Dansereau, 1992) or Reciprocal Teaching (see O'Donnell & Dansereau, 
2000). However, due to the nature of videoconferencing, these scripts were 
used only as a guideline without the specific training that is given when these 
scripts are utilized in face-to-face scenarios. Therefore, the collaboration 
scripts as they were used in videoconferencing may have not been as benefi
cial as would be expected in face-to-face scenarios (see O'Donnell & 
Dansereau, 1992, 2000; O'Donnell & King, 1999; Palincsar & Brown, 1984; 
Rosenshine & Meister, 1994). On the other hand, this may also be one limi
tation of videoconferencing. When using videoconferencing, it is not pos
sible to conduct training in the same manner as in face-to-face settings. This 
raises the question of how relevant scripts are for videoconferencing. How
ever, using the same guideline several times in videoconferencing scenarios 
may encourage learners to internalize it as a script. After a period of time, 
this internalized script may be able to support learners (see Schank & 
Abelson, 1977). 

The content schemes proved to be highly effective in Study 1 as well as 
in Study 2. In Study 1, the scheme worked rather temporarily, mainly to 
benefit collaborative learning outcomes. In Study 2, the scheme had a posi
tive effect on both collaborative and individual learning outcomes. These 
differences may be attributed to the different tasks in the studies (see Ertl et 
al., 2006). In Study 2, learners received a scheme for problem solving. Using 
the scheme, they were provided with a strategy for performing a complete 
attribution, which was independent of whether they used it individually or 
collaboratively. The scheme used in Study 1, however, was aimed directly at 
the collaborative teaching process and particularly focused learners' attention 
on empirical studies and elaborations. Learners may not have found this fo
cus to be helpful for individual theory recall. When analyzing the mecha
nisms of content schemes, we could assume that some kind of "representa
tional guidance" (Suthers, 2001) took place during the collaboration. Due to 
this representational guidance, learners were able to successfully focus on 
particular aspects of the task while using the content scheme. In Study 2, we 
also can assume that, for the learners using the content scheme, the modified 
representational context also modified their perception of the problem-solv
ing task (see Zhang & Norman, 1994). Thus, the different perception of the 
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task affected the learners working collaboratively as well as individually in 
the post-test, when no scheme was present. In conclusion, one can assert that 
content schemes that use the mechanisms of representational guidance (see 
Suthers & Hundhausen, 2003) have a significant effect when learners are 
working with them (see Salomon, 1992). After collaboration, content 
schemes may also have an effect, but only if the scheme had the ability to 
change learners' perception of the task (see Zhang & Norman, 1994). 

In both studies, we gathered evidence that supported the notion that the 
collaboration script could enhance the effects of the content scheme. In 
Study 1, we observed an interaction that helped learners to achieve a more 
adequate collaborative learning outcome. In Study 2, learners who were us
ing both support measures scored highest according to all outcome measures. 
Our conclusion is that, to be effective, collaboration-specific support needs a 
content-specific basis. 

Further analyses showed that both interventions influenced the spoken 
discourse of the learners (see Ertl, Kopp, & Mandl, in press; Kopp, 2005; 
Reiserer, 2003). However, further investigation is required to examine how 
this modified learning discourse is related to learning processes and out
comes. 

7. CONCLUSIONS 

Based on these results, three main conclusions can be drawn. First of all, 
interventions which are very effective during the collaboration process may 
fail to benefit individual learning outcomes. This may occur when it is diffi
cult to assess the goals of the collaboration following the collaboration. An 
improved teaching process, for example, may simply improve the teaching 
process itself, but not result in better outcomes concerning the material 
taught (see Ertl et al., 2006; Salomon, 1992). Thus, it is necessary to develop 
an approach for process evaluation which describes helpful activities in the 
learning process that are independent of learning outcomes. Such helpful 
skills may be, for example, that learners are better able to differentiate be
tween theoretical concepts and empirical evidence (see Ertl, 2003; Kuhn, 
Weinstock, & Flaton, 1994; Sodian, Zaitchik, & Carey, 1991), that they use 
better, more scientific argumentation (see Leitao, 2000) or that they collabo
rate with less social conflicts (see Bales, 1950). These effects, which can be 
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viewed as "side effects" of collaborative learning, should be considered for 
future investigations. 

Secondly, combined support measures centered on collaboration and 
content-specific strategies should be applied to support learners. For the pur
pose of empirical research, it may be necessary to split these factors to avoid 
confounding them. However, focusing solely on content or on collaboration 
strategies may not appropriately meet the support needs of computer-sup
ported collaborative learning environments. 

Thirdly, further research should be conducted on the degree to which in
terventions applied in collaborative learning can prompt sustainable learning 
strategies. Fostering learning outcomes once is certainly important for col
laborative learning. However, thoughtfully designed interventions should 
also have a lasting effect to benefit learners when solving similar tasks in the 
future. 
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THE ROLES OF SCRIPTS IN PROMOTING 
COLLABORATIVE DISCOURSE IN LEARNING 
BY DESIGN 

Janet L. Kolodner 
College of Computing/Georgia Institute of Technology, Atlanta 

Abstract: Using the design of Learning by Design (LBD) for illustration and results of 
its enactments as evidence, I make an argument about the roles Schank and 
Abelson's (1977) kind of scripts can play in promoting collaborative discourse 
and present a way of promoting the kind of script learning that results in pro
ductive collaborative discourse. LBD's way of promoting script learning has 
three parts to it: (i) a set of scripted activity structures and sequences (class
room scripts) that promote productive and appropriate participation in class
room practices (including collaborative discourse), (ii) an approach to instruc
tion that focuses on repeated, deliberative practice of each of these classroom 
scripts, and (iii) an approach to getting started through launcher units that in
troduce the scripted activity structures, their sequencing, and how to partici
pate in each. I argue that scripts students learn for participating in classroom 
practices can play three roles in promoting collaboration and collaborative 
learning: (i) they help students participate in whole-class discussions and in 
discursive practices by proposing sequencing for their discourse, (ii) they help 
students participate in whole-class discussions and discursive practices by 
proposing content for their discourse, and (iii) they provide focus for small 
group discourse as students aim their discussion toward fulfilling a script's ex
pectations in order to be able to participate in the script later. Learning by De
sign is a design-based approach to science learning. 

Example I: Children in an 8̂*̂  grade class are presenting their experimen
tal investigations in a poster session - investigations aimed at determining 
the effects of different characteristics of a balloon engine on the distance a 
vehicle will go. Their balloon engines are made by gluing a drinking straw to 
a balloon. They attach the engine to the vehicle by securing the drinking 
straw to a tower, and they use the straw to blow up the balloon that powers 
the vehicle. In their experiments, they compare the distance the vehicle trav
els under different conditions. During the poster session, they present their 
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research question, their procedure, their resuhs, a rule of thumb describing 
the trends in their results, a set of four force diagrams, each representing a 
different stage in the vehicle's motion, and the best explanation they can 
make of their results using what they've learned about combining forces. 
Group 1 (a group of 3 students) reports on an experiment investigating the 
effects of the length of the straw on how far a vehicle will go. After the pres
entation, a child in the class notices that the arrow representing friction in the 
last stage, when the car has stopped, is larger than the one representing fric
tion earlier and asks why. The child who drew the arrow responds that it's 
long only because he was in a hurry. But he continues thinking about how 
long the gravity arrow should be and goes on: 

CF: But really uh, it should be shorter, because there (gestures to 
poster) wasn't any like, air mass in the balloon. 

Other students in the class talk among themselves about this, and others 
continue to explain and clarify, spontaneously participating in a sense-mak
ing discussion. Sense making continues, moving on to consideration of the 
force of friction at stage 1, before the vehicle begins moving, with argument 
about whether there is a friction force at all if the vehicle isn't yet moving. 
Discussion continues. A child asks for clarification of why the shorter straw 
results in the vehicle going a longer distance. A member of the group de
scribes it as a traffic jam. But another child in the class is worried about that 
explanation. After all, the engine with the shorter straw also had a smaller 
mass. She raises her hand, and one of the presenting students calls on her. 

JG: Don't you think when you're cutting the straw it's changing 
the mass? 

The class spends some time trying to make sense of what she is trying to 
say. Discussion continues considering if there's a different way to run the 
experiment without changing two variables at the same time. Someone no
tices a way to do it, but then someone else notices that that procedure would 
be answering a different question. Someone in the presenting group notices 
that the problem with their experiment might be a problem in other experi
ments too, e.g., when comparing engines with different diameter straws. 
Nine students in all take part in this discussion, and the teacher doesn't con
tribute a word. 

Example 2: A group of boys who had not had a chance to participate in a 
presentation of their ideas to the class (a pin-up session) nonetheless pre
pared a plan and discussed it thoroughly before moving forward to construct 
their best parachute. As they would have done had they participated with the 
class in a pin-up session, they drew a chart of their ideas, taped it to the wall, 
and stood around it discussing with each other the pros and cons of con
structing their parachute a certain way. Our researcher asked the teacher 
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what role she had played in the boys' decision to utilize the pin-up. The 
teacher responded, "Oh, they did that on their own. I didn't assign them to 
work on anything. ... They did the pin-up because they know that is part of 
the design process.... Now, it wasn't pretty or anything, but they did the 
sketches of their ideas." (Fasse, field notes, fall, 1999) 

Example 3: The group we're looking in on here was getting ready for the 
poster session in Example 1. They had investigated the effect of the circum
ference of the balloon on the distance a vehicle would go, decided that their 
rule of thumb was that the larger the circumference of the balloon, the far
ther the car would go, and that they needed a scientific explanation. At the 
same time, they were drawing the force arrows that show the forces on their 
vehicles, and they were worrying about whether they would finish on time. 
Their dialogue isn't fluid, but it interweaves discussion of the three things 
they need to consider before presentation - their rule of thumb, the forces on 
their vehicle, and their scientific explanation of their results. Each member 
of the group is assigned a different task - coming up with the rule of thumb, 
drawing the force diagrams, or developing the scientific explanation - but 
they think out loud and all help each other with their tasks, sometimes com
pleting each other's sentences, and often stopping to ask each other clarifi
cation questions and to grapple with a hard concept. For example: 

AB: Well, there's... Well the force coming out of the end of the 
balloon. 

KK: When you have a larger circumference, there, is more air... 

KK: ...Ok, so does this make sense? When you have a larger cir
cumference, there is more, um, force of the air being pushed 
out of the balloon? 

JG: (at same time as CW) When you have a larger circumference, 
there is more in the... Engine... 

These are examples typical of the kinds of discussions heard among chil
dren in Learning by Design (LBD) classrooms (Kolodner, Camp, et al., 
2003; Kolodner, Gray, & Fasse, 2003). They aren't exactly the discussions 
learned adults would have; they aren't as fluid, and they get off track, but 
they represent quite sophisticated discourse for eighth graders (14 years old). 
The first example is of a typical poster session, a formal presentation session 
in which each small group in the class reports about its investigation. Each 
group prepares a poster showing the question they were trying to answer, 
their investigative procedure, their data, their interpretation of the data, and 
if they can, a "rule of thumb" representing trends they see in their data. They 
take turns making presentations to the class, pointing to the data on their 
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poster. After each presentation, students in the class ask questions - about 
the validity of the procedure, about validity of the data, about trends ex
tracted, and so on. Then the next group presents. And so on. At the end, the 
class summarizes the trends in the data together, in a whole-class discussion, 
and then attempts to apply science they've learned to explain those trends. 
This poster session happened in mid-November, approximately 3 months 
into the school year, and it was the children's fourth or fifth poster session. 
The second example happened approximately 2 months into a school year, 
after students had engaged in several of these presentation forums, and it is a 
description of an informal discussion between two students. I've used it be
fore to show that students are indeed learning skills and practices of science 
and project work in transferable ways (Kolodner, Camp, et al., 2003), but it 
also shows an example of LBD students using learned scripts (Schank & 
Abelson, 1977) to guide their own conversation. The third example is of 
several students in a small group getting ready for the poster session in Ex
ample 1. Here, they are focusing their discussion on the points they will have 
to present to the class. 

Students engage in several kinds of scripted presentation activities during 
their project-based inquiry work in LBD - in poster sessions, they present 
investigations and their findings; in pin-up sessions, they present ideas about 
how they will solve the challenge they've been given and justifications for 
those ideas; and in gallery walks, they present solutions in progress and talk 
about how well they work, why they might not be working as well as ex
pected, and how they might make them better. In each, groups take turns 
presenting to the class, and after each presentation, class members question 
their peers and provide advice. In each, the sequence of events, the purpose 
of each event in the sequence, and some of the how-to's of carrying it out are 
told to the students before the first time it is enacted. Then students enact the 
sequences several times with coaching, sometimes reflecting on what they 
did well and what could be improved, almost always reflecting in some way 
on what they learned from the session. The content of the discourse during 
these sessions can be quite sophisticated, as illustrated in the first example. 
In addition, as they prepare for these sessions, they spend time discussing the 
things that they need to present - the science content and processes they are 
learning - as shown in the third example. Finally, they are able to engage in 
similar sessions on their own, and in these sessions, their discourse is guided 
directly by the scripts they learned, as shown in the second example. 

My goal in this chapter is twofold: to make an argument about the roles 
Schank and Abelson's (1977) kind of scripts can play in promoting this kind 
of collaboration, and to present a way of promoting the kind of script learn
ing that results in productive collaborative discourse. Our way of promoting 
script learning has three parts to it: 
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1. A set of scripted activity structures and sequences (classroom scripts) that 
promote productive and appropriate participation in classroom practices 
(including collaborative discourse) 

2. An approach to instruction that focuses on repeated, deliberative practice 
of each of these classroom scripts 

3. An approach to getting started through launcher units that introduce the 
scripted activity structures, their sequencing, and how to participate in 
each (in some sense, providing training at participating in the classroom 
scripts) 

I will argue that scripts students learn for participating in classroom 
practices can play three roles in promoting collaboration and collaborative 
learning: (i) they help students participate in whole-class discussions and in 
discursive practices by proposing sequencing for their discourse (as in Ex
ample 2), (ii) they help students participate in whole-class discussions and 
discursive practices by proposing content for their discourse (as in Example 
1), and (iii) they provide focus for small group discourse as students aim 
their discussion toward fulfilling a script's expectations in order to be able to 
participate in the script later (as in Example 3). 

I begin with the definition of script that I am using; it is one that is con
sistent with Schank and Abelson's (1977) original script definition but more 
fully incorporates the notions of participation and practice from the socio-
cultural tradition. I follow that with a description of Learning by Design, 
some of the scripted activity structures (classroom scripts) that comprise its 
practice, and our intentions with respect to the roles of several of those ac
tivity structures in promoting productive collaborative discourse. I move on 
to a description of how LBD tries to promote the learning of the scripts (in
structional strategies, including launcher units) that enact these activity 
structures and sequences and then show examples that illustrate the roles 
LBD's scripted activity structures might play in promoting collaboration and 
collaborative learning. I end with discussion of lessons learned about how to 
design and enact classroom scripts to promote collaborative discourse. 

1. CONCEPTUAL BACKGROUND ON SCRIPTS 

1.1 Scripts as cognitive structures that promote produc
tive participation 

Schank and Abelson's (1977) theory of scripts and other knowledge 
structures proposes that people learn the sequences of events in common 
activities through participating in those activities. According to Schank and 
Abelson, one way people naturally learn how to participate in commonly 
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occurring situations is to experience those situations repeatedly, generalizing 
a routine sequence of events and roles they and others play in those situa
tions. We might observe, try out simple roles ourselves, get instruction or 
help from others in playing those roles, have sequences explained to us, and 
so on, gradually becoming more expert and better participants over time. We 
learn about the sequencing of events in a restaurant, for example, by going to 
restaurants and experiencing that sequencing. We learn how to participate in 
social events, such as going to a restaurant, by going with others who know 
the sequencing and roles, observing their actions, and eventually playing 
roles in the same ways we've observed, sometimes with some instruction. As 
we participate repeatedly in the same scripted events and experience the 
variations, we become expert at the common sequence of events and some of 
their variations, and we learn connections between events in the script, the 
purposes of some, what to expect from others, and the roles we should play 
and how to play them. In this way, we become fluent at being restaurant 
customers or at buying things in stores, getting up and dressed in the morn
ing, going to birthday parties, entertaining guests, and so on, constructing in 
our memories cognitive structures that we call scripts (Schank & Abelson, 
1977), each associated with a common kind of activity we participate in. 

Schank's (1982, 1999) focus on dynamic memory attempts to explain 
how that learning happens; he, in essence, suggests a computational account 
of Piaget's accommodation and assimilation, proposing scripts as specific 
types of schemas that play a role in learning about activities in the context of 
participating in, observing, and hearing about those activities. According to 
his account, we pull out the regularities and make them into scripts while we 
notice the differences (things we were not expecting) and use explanations of 
those differences to index events that are different from the script. In this 
way, we create knowledge structures that specialize scripts to particular 
situations, combine scripts together to describe more complex situations, and 
provide access to experiences that violated those conventions. We can thus 
use scripts, cognitive artifacts derived from participation in culturally-com
mon events, to get around in the world, anticipating what comes next, play
ing our roles appropriately, and anticipating and knowing how to deal with 
common script violations and variations (even scripting those). Activities we 
are familiar with become easy to participate in through creation of these 
knowledge structures. 

It is not hard to wed Schank and Abelson's cognitive notion of scripts to 
Lave and Wenger's (1991) accounts, from a socio-cultural viewpoint, of 
learning through participation. Lave and Wenger's (1991) accounts of ap
prenticeship and legitimate peripheral participation focus on the social inter
actions and environmental factors that allow new members of a community 
to learn community practices through participation (directly and through ob-
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servation). Apprentices participate first peripherally but observing the whole 
process and gradually taking on more responsibilities and adding to their 
repertoire and expertise, within the bigger context of the "shop". According 
to this viewpoint, and similar to Schank and Abelson's conception of scripts, 
we learn as a consequence of engaging with others in carrying out cognitive 
and social practices. Schank and Abelson concentrate on the cognitive 
structures that allow individuals to do the reasoning they need to do to par
ticipate; Lave and Wenger (1991) concentrate on the social interactions and 
ways of participating that would lead to such learning.' We have taken les
sons from both cognitive and socio-cultural accounts to design ways for 
children in LBD classes to learn to participate in and prepare for participat
ing in collaborative classroom and small-group activities. 

Both the cognitive and socio-cultural views of learning tell us that an in
dividual's conception of that repeated sequence of events is necessarily in
complete to begin with, but over time, and with participation and/or obser
vation, especially when that participation is reflected upon or informed by 
others, the scripts an individual comes to know become fleshed out with 
more specifics - about, e.g., variations in events and scenes in the sequence 
and the effects of those variations; the purposes of different events in the 
sequence; the actors in the script, the roles they play, and the effects of their 
actions; causal connections between events and scenes - to the extent that 
the individual can figure out or is informed by others. According to this no
tion, one could help participants learn a script for a targeted collaborative 
activity by having them observe and participate in its enactment repeatedly 
and, to speed the learning process, helping them identify the specifics of 
events, scenes, sequencing, and roles they might play, variations on those 
things, and purposes of each. 

1.2 Scripts as classroom practices 

Another notion of scripts is used in most of the other chapters of this 
book, and we also refer to that notion when we discuss ways of designing the 
learning environment to promote script learning as described above. Under 
this second notion, a script is a designed activity structure or sequence used 
for an instructive purpose; a classroom script is a designed event sequence 
for the classroom that learners engage in repeatedly; an instructional script 
represents strategies and tactics for sequencing classroom scripts and speci-

' Our intention here is not to argue about what exactly is in the head (Lave and Wenger 
would certainly argue against the full representation of the script residing in an 
individual's head); rather, our aim is to present a notion of learning about how to 
participate in commonly repeated activities. 
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fying teacher roles (and sometimes student roles) so as to promote student 
learning of the classroom scripts. The hope is that through repeated 
participation in a classroom script guided by means of enactment suggested 
in an instructional script, students will internalize expected behaviors and 
construct cognitive structures (scripts) that will allow them to productively 
participate in learning activities. 

Learning by Design, too, has the equivalent of classroom scripts and in
struction scripts in its enactment. In each of the scripted activity structures 
and sequences (classroom scripts) designed for LBD classrooms, students 
play certain roles; the teacher plays other roles; software may play other 
roles, and there is a sequence of events that defines the activity structure. 
Some, which we've called rituals (Kolodner, Camp, et al., 2003; Kolodner et 
al, 2003; Kolodner & Gray, 2002) and scripted activity structures (Kolodner 
& Gray, 2002) in the past, are quite detailed (see Table 14-2), while some, 
which we've called scripted activity sequences in the past (Kolodner & 
Gray, 2002) specify the sequencing of activity structures (see Figure 14-1) at 
a more macro level. Scripted activity structures and sequences provide 
structure to the classroom and are designed, like other classroom scripts, to 
afford student learning of the ins and outs of classroom practices that will 
allow them to participate productively in discourse and other activities. 

LBD also has the equivalent of what others have referred to as instruc
tional scripts - the how-to's of making things work in the classroom, though 
I prefer to call these instructional strategies rather than instructional scripts. 
In particular, Learning by Design promotes a cycle of activities (as seen in 
Figure 14-1) that sequences classroom scripts with respect to each other in 
the context of attempting to achieve a design challenge. Each project-based 
inquiry unit includes several embedded go-throughs of that cycle. For exam
ple, designing a vehicle that can navigate several hills on its own begins with 
activities that help learners understand what the challenge entails and iden
tify some of the science they will have to learn; then, for each science topic, 
includes at least one go-through of investigating in order to be able to com
plete some aspect of the design and then several go-throughs of redesign in 
order to both make the design solution work better and identify and revise 
science understandings; and then a set of design iterations that bring together 
what's been learned to perfect the solution to the challenge. The full Vehicles 
in Motion unit includes at least three poster-sessions, three pin-up sessions, 
and several gallery walks and often includes many more. 

Two other instructional strategies are important in LBD. One is adopted 
from cognitive apprenticeship (Collins, Brown, & Newman, 1989) and 
specifies teacher roles over time. As each classroom script is being learned, 
the teacher helps students learn their roles by modeling those roles, coaching 
them through and providing scaffolding as they do it, and afterwards, guid-



14. The roles of scripts in promoting collaborative discourse 245 

ing the kind of reflection on the activity and articulation of the reasoning that 
will allow the reasoning to become visible and conscious so as to allow revi
sion over time. The second is the launcher unit, a set of activities designed to 
introduce learners to the classroom scripts that are so important for their sci
ence learning, successful design, and productive discourse. Launcher units 
(one for each science discipline studied in middle school) are done at the 
beginning of the school year, and each has a sequence of activities that en
gages learners in classroom scripts in ways that afford their construction of a 
cognitive framework representing their understanding of each script. 

2. SETTING THE CONTEXT: MORE ON LEARN
ING BY DESIGN 

Learning by Design (LBD; Hmelo, Holton, & Kolodner, 2000; Kolodner, 
Crismond, Gray, Holbrook, & Puntambekar, 1998; Kolodner, Camp, et al., 
2003; Kolodner et al., 2003; Kolodner & Gray, 2002) is a project-based in
quiry approach to middle-school science (grades 6 to 8; ages 12 to 14) that 
focuses on learning science and scientific reasoning in the context of at
tempting to achieve design challenges. For example, students learn about 
motion and forces (and about designing and running experiments, justifying 
with evidence, explaining scientifically, collaborating, and so on) by spend
ing eight weeks iteratively designing, building, and testing a miniature vehi
cle and its propulsion system. They learn about mechanical advantage by 
designing and building machines for lifting heavy objects. Each design 
challenge provides reason for learning some targeted science content, and 
attempting to achieve the challenge provides a natural and meaningful venue 
for engaging in both science and design thinking. The need to make one's 
design ideas work provides opportunities and reasons for students to identify 
their incomplete and poor conceptions of the science content and to debug 
those conceptions; the iterative nature of design provides them opportunities 
to apply and test their new conceptions; and the collaborative nature of de
sign provides learners the need to communicate ideas and results well and 
opportunities for team work, public practice and presentation of their scien
tific reasoning. 

Figure 14-1 shows LBD's macro leveF. Activities in the design/redesign 
cycle (on the left) afford achieving a design challenge, while successful en
gagement in those activities often requires engaging the investigative cycle 
(on the right) and its activities. Results of investigations, in turn, provide 

^ Kolodner et al. (2003b) provides the rationale for the different aspects of the design of 
LBD. 
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content for application to the design in progress. Individual activities in each 
cycle are designed to move learners towards successful achievement of a 
challenge and integrate a variety of science, design, collaboration, and com
munication practices. Within this framework, students learn the concepts and 
skills that are needed for success through identifying a need to learn them, 
carrying out investigations, trying out those conceptions by applying them to 
the design challenge, questioning their accuracy when the design doesn't 
work exactly as predicted, and revising. 
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Figure 14-1. Learning by Design's Cycles. From 'Tromoting Transfer Through Case-Based 
Reasoning Rituals and Practices in Learning by Design Classrooms," by J. Kolodner, J. Gray 
and B. Fasse, 2003, Cognitive Science Quarterly, 3. Reprinted with permission. 

Enactment of LBD's cycles of activities involves participation in a vari
ety of carefully constructed scripted activity structures and sequences (class
room scripts) designed to contextualize important skills with respect to each 
other and with respect to their usefulness in a project's success. Table 14-1 
shows a representative set. These classroom scripts are designed so that they 
allow success at carrying out the tasks in the cycles in Figure 14-1 at the 
same time that they provide practice at scientific reasoning and use of 
newly-learned science concepts. 

There are two types of classroom scripts represented in the cycles: action 
and discourse. Action-based activities, such as messing about and designing 
an experiment, are associated with skills and practices of science and design 
and promote methodological habit and rigor. Students carry out action ac
tivities in small groups, dividing up responsibilities for investigations across 
teams when much needs to be investigated in order to achieve a successful 
design solution. The focus in action-based scripted activities is on the actions 
themselves, but as I shall discuss later, these classroom scripts provide con
text for discourse. Discourse activities have discourse as their major activity, 
and they sequence who has the floor and specify the content of discussions. 
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Table 14-1. A selection of LBD's scripted activity structures. 

Function(s) in 
cycle 
Design 
investigation 

Analyze results; 
analyze and 
explain, present 
and share 

Analyze results; 
analyze and 
explain, present 
and share 

Present 
and share 
(investigate 
cycle) 
Plan design 

Present and 
share (design / 
redesign) 

Construct and 
test 

Present and 
share (design / 
redesign) 

LBD scripted 
activity structure 
Design an 
experiment 

Creating and 
refining design 
rules of thumb 

Creating and 
refining design 
rules of thumb 

Poster session 

Plan design 

Pin-up session 

Test design 

Gallery walk 

Type and venue 

Action: small 
group 

Action, 
discourse: small 
group 

Action, 
discourse: whole 
class discussion 

Discourse, 
present and 
share: whole 
class 
Action: small 
group 

Discourse, 
present and 
share: whole 
class 

Action: small 
group 

Discourse, 
present and 
share: whole 
class 

Description 

Given a question to investigate (in 
the form of discovering the effect 
of a variable), design an 
experiment where variables are 
controlled well, with appropriate 
number of trails, etc. 
Identify trends in data and 
behaviors of devices; connect 
scientific explanations so as to 
know when the trends apply 
(small groups suggest new rules 
of thumb and the need for 
changes in existing ones) 
Identify trends in data and 
behaviors of devices; connect 
scientific explanations so as to 
know when the trends apply 
(whole class discusses the 
suggestions of small groups and 
chooses new ones and modifies 
existing ones based on 
commonalities across small-group 
experiences) 
Present procedures, results, and 
analysis of investigations for peer 
review; followed by rules of 
thumb 
Choose and integrate design 
components to achieve the design 
challenge, basing choices on 
evidence 
Present design ideas and design 
decisions and their justifications 
for peer review; followed by plan 
design or by construction and test 
of design 
Run trials of constructed device. 
gathering data about behavior, 
attempt to explain; followed by 
gallery walk 
Present design experiences and 
explain design's behavior for peer 
review and advice; followed by 
whiteboarding and rules of thumb | 
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Each discourse activity is inserted into LBD's sequencing at a time when 
listening to others might help in achieving the project challenge. By se
quencing them this way, the need to make a presentation encourages stu
dents to reflect on and interpret important aspects of their experiences during 
action activities, e.g., what they are doing, how successful they are at that, 
what science content they are using, what they know about that science con
tent, how the science connects to their project goals, how their reasoning 
connects to their project goals, and so on. The ultimate purpose of this se
quencing is to promote the kinds of deliberation that will result in students 
recognizing and debugging their understanding, skills, and practices. Many 
discourse activities are done in whole-class configurations; some are done as 
small groups. Usually, small groups perform actions and make a first pass at 
reflecting, while whole-group activities provide a venue for presentations 
from small groups, sharing advice and concerns, struggling together to un
derstand some phenomena, pulling out abstractions and generalizations 
across what small groups have presented, and discussing the how-to's of 
next actions. 

Each scripted activity structure includes a sequence of events, and each is 
sequenced with respect to the others. For example, designing an experiment, 
running an experiment, analyzing results, and presenting them to the class 
form a scripted sequence of activities, with scripted activity structures asso
ciated with experiment design {design an experiment), analysis of results 
{creating rules of thumb), presentation of results {poster session), and the 
discussion afterwards {creating and refining rules of thumb). Designing an 
experiment, done in a small group, involves identifying what values to give 
the variable that is being tested, which variables need to be controlled, how 
many trials to run, what needs to be measured and how, and variables that 
might be hard to control, and then generating a procedure. In a poster ses
sion, students present their procedures and results to the class and query each 
other about those results, followed by a full-class discussion of investigative 
and analysis procedures, implications of what was discovered, and so on. 

3. DESIGN OF SCRIPTED ACTIVITY STRUC
TURES (CLASSROOM SCRIPTS) AND THEIR 
SEQUENCING TO PROMOTE COLLABORA
TION AND DISCOURSE IN LBD 

Recall from the discussion about scripts that our notion of script learning 
is that individuals will learn scripts through observation and participation in 
commonly-repeated scripted activity sequences (classroom scripts) and that 
learning can be promoted and sped up by helping them identify the specifics 
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of events, scenes, sequencing, and roles they might play, variations on those 
things, and purposes of each (instruction strategies). LBD's classroom 
scripts were designed to be those commonly-repeated activity sequences we 
wanted students to learn and participate in as scripts. For purposes of discus
sion about promoting collaboration and learning through scripts, there are 
three things it is important to notice about the design of LBD's classroom 
scripts. 

1. The classroom scripts that frame discourse were designed specifically to 
promote the kinds of discourse important to learning science and scien
tific reasoning. 

2. Placement of these classroom scripts in the sequencing matches the de
sign and investigative needs of learners. For example, whole-class dis
course activities are inserted into the sequencing at points where there is 
authentic reason for public discourse - students have had experiences that 
it is worth sharing with their peers, and they can learn something from 
their peers' presentations. 

3. LBD's iterative approach to achieving design challenges ensures that 
learners get repeated chances to engage in each scripted activity structure 
and sequence. During the four to eight weeks working on each project 
challenge, they have multiple opportunities to refine their understandings, 
capabilities, and design solutions as they work in small groups and then 
participate in each kind of public discourse forum. 

Our claim is that the sequencing of these sessions and the expectations 
set about participating in them helps learners engage in interesting discourse 
as well as learn scripts for doing science and for participating with each 
other in scientific discussion. In this section, I provide additional detail on 
the design and sequencing of LBD's activity structures, and in the next sec
tion, I move on to how script learning is promoted in LBD. 

I focus here on three particular scripted activity structures - LBD's three 
public discourse forums - poster sessions, pin-up sessions, and gallery walks 
- all designed not only to promote public discourse at times when it is help
ful for achieving a project challenge, but also to encourage students to ac
tively reflect on what they've been doing and why they did it the way they 
did, and to make their thinking transparent. Table 14-2 shows the purposes 
and sequencing in each. 
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Table 14-2. LBD's 3 (Scripted) Public Discourse Forums. 

Purpose (with respect 
to achieving the pro
ject challenge) 

Purpose (with respect 
to scientific reasoning 
and discourse) 

When? 

Artifacts/Props used 
in the presentation 

Poster-Session 
Present and discuss 
investigative proce
dures and findings; 
attempt to draw out 
trends from the data 

Make reasoning and 
practices associated 
with designing an 
investigation and 
interpreting data 
visible. 

After designing and 
running experiments 
or other 
investigations 

Poster showing 
research question, 
procedure, data. 
trends 

Pin-up Session 
Present and discuss 
alternative solutions 
to a challenge, along 
with the strengths and 
weaknesses of each 
and what might be 
expected 

Make reasoning and 
practices associated 
with making 
evidence-based 
decisions and 
predictions visible. 

After trends have 
been identified from 
investigations run 
previously and 
groups have spent 
time making sense of 
what the data, trends, 
and science they 
understand implies 
about achieving the 
challenge 
Poster showing 
proposed solution. 
and for each piece of 
it, why it was chosen 
(with references to 
previous 
investigations, trends 
identified across 
investigations, and 
science 
understanding) 

Gallery Walk 
Present solution in 
progress, to what 
extent it fulfills the 
challenge, why it 
might not be working 
as well as it should, 
and what might be 
done to fix it 
Make reasoning and 
practices associated 
with testing solutions 
and explaining 
scientifically why 
things behave as they 
do visible. 
Solutions have been 
constructed and 
tested; they might be 
complete or need 
revision 

Solution artifact 

(continued) 
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Step 1: Presentations: 
and advice from peen 
Group Presentation 

Discussion 

Step 2: Making sense 

Poster-Session Pin-up Session 
Each group makes its presentation and opens up 
and teacher 

Of procedures used, 
data collected, and 
trends in data 

Clarification of 
procedures, 
appropriateness of 
procedure for 
answering posed 
question, 
trustworthiness of 
data, trustworthiness 
of analysis, ... 

Of solution ideas, 
evidence that justifies 
each 

Pros and cons of each 
solution idea, why 
particular evidence is 
the right evidence to 
use, validity of 
evidence, ... 

Gallery Walk 
the floor for questions 

Of solution in 
progress, what 
happened when it was 
tested, explanations 
of why, ideas about 
moving forward, 
areas where the group 
wants help from the 
rest of the class 
Possible explanations 
for the behavior of a 
tested solution. 
shortcomings of those 
explanations, ideas 
about moving 
forward, pros and 
cons of different 
ideas 

together: Teacher led discussion across presentations, first focusing on 
the content of what was presented to make visible and debug science conceptions, then 1 
focusing on the reasoning and practices of groups to make successful reasoning and practices | 
visible and articulate their how-to's 
Content focus 

Reasoning and 
practice focus 

Extract trends from 
across data, begin to 
try to explain those 
trends, identifying 
science content that 
needs to be read. 
discussed, and/or 
investigated; 
beginning of those 
discussions, including 
demos, short lectures, 
reading 
How-to's of 
managing variables. 
getting to trustworthy 
data, drawing out 
trends, measurement 
procedures, ... 

Particular data trends 
and targeted science 
and what they imply 
with respect to 
achieving the project 
challenge 

Using evidence to 
justify claims and 
inform decisions 

Using targeted 
science to explain 
behavior of solutions 
in progress; 
identification of 
confiisions/misconce 
ptions, further 
discussion of each 

Which explanations 
are better ones and 
why; ins and outs of 
good testing 
procedures and fair 

tests 1 

Notice that LBD doesn't simply have 2i present and share activity; it has 
three such activities. Poster sessions come after carrying out and attempting 
to explain results of an investigation; pin-up sessions come after planning a 
design and attempting to justify design decisions; gallery walks come after 
testing a design and trying to explain its behavior. Each presentation type 
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shares its activity sequence, but in each, the discourse is different. That is, a 
different kind of presentation is required and different practices and content 
are targeted in discussions afterward. When presenting experimental results, 
it is important to report on procedures used and trends in the data; when pre
senting ideas, it is important to justify them with evidence; when presenting 
solutions in progress, it is important to report on procedures, what happened, 
and to explain why things didn't work as planned. By separating out these 
three kinds of presentations and calling them by different names, LBD calls 
attention to the fact that each requires different discourse. Discussions after 
presentations of the three types are quite different from each other. Separat
ing present and share activities into three different discourse structures with 
different expectations about the content of that discourse has been particu
larly useful in helping students and teachers focus on scientific reasoning 
and discourse appropriate to what they are doing at the time of a presentation 
(Kolodner, Camp, el al., 2003). 

As discussed, each scripted public discourse activity structure in LBD is 
placed in the sequencing of class activities at points where there is authentic 
reason for engaging in it - students have had small-group experiences that it 
is worth sharing with their peers, and/or they have a need to learn something 
from the presentations or discussions. These scripted discourse activities in 
LBD were designed to provide a public venue for participating in scientific 
reasoning, in this way promoting repeated deliberative practice needed for 
deep learning of science content and scientific reasoning (Kolodner, Camp, 
et al., 2003; Kolodner et al., 2003; Kolodner & Gray, 2002). But their place
ment also appears to play two other essential roles in promoting productive 
collaborative discourse. First, students prepare for discourse activities in 
their small groups, reflecting on their activities in ways that allow them to 
present to the class. The need to present certain specifics about their work 
and their reasoning causes them to have discussions about that work and rea
soning. We see that in Example 3 at the beginning of this chapter. That is, 
while there is no script for participating in this preparation, the script for 
participating in a pin-up session, poster session, or other whole-class dis
course activity provides focus for discussion during preparation. Second, the 
movement from small-group to whole-class and back again promotes ob
serving the discourse of others and participating in discourse in multiple 
ways. During presentation in discourse forums, the reflection students have 
attempted to do as a small group can be discussed and scaffolded and taken 
to the next level through interaction with teacher and peers. Sequencing 
tends to move students from small social configurations to big ones and back 
again, so that groups can learn from each other and bring each other up to 
pace. 
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4. PROMOTING SCRIPT LEARNING IN LBD - IN
STRUCTIONAL STRATEGIES 

There are two parts to LBD's instructional strategy: 

1. Its scripted activity structures and their sequencing (classroom scripts) 
are enacted over and over again in the context of new situations, within 
single units and across units, their enactments are scaffolded, and their 
enactments include reflection on how to participate in them productively. 
This repeated deliberative scaffolded practice implements a kind of cog
nitive apprenticeship (Collins et al., 1989). 

2. Its launcher units, enacted at the beginning of the school year, introduce 
each of the important scripted activity structures - individually and in the 
context of its sequencing with other classroom scripts and in full design 
challenges (Holbrook & Kolodner, 2000). 

4.1 Repeated deliberative scaffolded practice of scripted 
activity structures (classroom scripts) 

Repeated practice works in two ways - within and across projects (cur
riculum units). Each designed activity structure and sequence is repeated 
several times in the context of each project, providing opportunities for par
ticipating in each close enough in time to other enactments that previous op
portunities are remembered. This way, students not only experience small 
variations in sequencing but also remember enough about previous enact
ments to be able to draw parallels between enactments. The same activity 
structures and sequences are then used across projects, providing ongoing 
opportunities for repetition and for experiencing broader variation. A student 
might participate in three different poster sessions during the Vehicles unit -
one focusing on what effects the distance a vehicle will travel on its own and 
culminating in a discussion of friction and gravity and how forces interact 
with each other; another focusing on what effects the force produced by a 
balloon engine, culminating in discussion of propulsion force and continuous 
and one-shot forces; and another focusing on what effects the functioning of 
a rubber-band engine, culminating in additional discussion about forces in 
pairs. In the next unit, focusing on mechanical advantage, a poster session 
will focus on the effects of increased mass on different kinds of simple ma
chines, culminating in discussion of the relationship between force and mass 
in creating mechanical advantage. And so on. In each, they use what they 
already know about managing variables and obtaining trustworthy results to 
help each other continue to be able to design experiments and obtain trust
worthy results as the relationships between variables become more complex. 
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Deliberation, i.e., thinking about their reasoning in a way that will allow 
them to learn how to reason better, is achieved in LBD classrooms by tactics 
used before and after enactment of each scripted activity structure. When an 
activity structure is introduced to students, they read text about the sequenc
ing and purpose of the activity and how best to participate. They again read 
text about sequencing and participation when new variations are introduced. 
Then, after each experience with each activity structure, the teacher initiates 
reflective discussion about it, encouraging students to articulate the se
quencing, the roles of each part of the sequencing, how they participated, 
what they gained from it, how it built on activities that came before, how it 
prepares them for activities to come, and so on. Additionally, as is typical of 
cognitive apprenticeship (Collins et al., 1989), the teacher has a role of mod
eling what is expected of students during early enactments and then later 
when more is expected of students in their enactments. 

My Experiment 

W)k< v ^ wai tt lu tiiul uut 

Pn:chi whm will tuKKJi 

My H a i l 

Wlach U c u n • • t « l ^ How.n«i»iiwK' 

Slcp-by-Slqi PiocLdun: 

Dais and Shetdies 

l^ol: nw>k^H>ut *h i t |wnndlod«pUr . 

OataSunmafy 

l lnL Leek lec IWHH *na ptnora you K c tn 
ViMdMa. 

C CMjtu Ink. l»t 

Figure 14-2. A Design Diary page: "My Experiment." Notice that it prompts learners for 
some of the important issues they need to discuss and/or plan for (See Puntambekar & 
Kolodner, 1998, 2005, for more detail) 

Scaffolding during small-group work in LBD takes the form of design di
ary pages (Kolodner et al., 2003; Puntambekar & Kolodner, 2005) and/or 
software prompting (Kolodner et al, 2004) made available during each im
portant activity. A design diary page is a kind of worksheet with prompts 
about what to focus on while doing the activity and questions to answer 
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while engaging (see, e.g., Figure 14-2). Software pages provide more de
tailed prompting and hinting and sometimes templates that suggest what 
needs to be done and/or discussed. Figure 14-3 shows filled-in templates for 
the plan and procedure parts of the software-based design diary page (im
plemented as part of SMILE (Kolodner et al., 2004)). The posters students 
make for use during poster and pin-up sessions serve as scaffolding during 
whole-class activities ~ they remind them of what they need to be presenting 
and then discussing. 

Proctdura 
inciudo rap'bir>it»o tnsinietiDr«i to «notfi9r tMir OMM run ttw stm* 
procedur* B» sur# tc inducfa «»9$ for n»ea«unog sod r««v^ioa d«9 m 
vckv praredfire 

yOUl plarts t.:ir lt^^Psr^,-^nna v 

What variable will you 
change? 

What values will you 
give it? 

r What conditions 
(variables) will you 

; control? 

! How many trials will 

you run? 

What will you 

measure and how? 

Lifiunary 

I. engthoi wtiirfygigv^mg 

Original (template) 
Onginal + I inch Original 
+ 2 inches 

Length of stem. Nurnoer 
cf paperclips 

Thetime ttievvhinygigis 
in the air 

St»p-t;v-'/t&p Proct 

Procedure Step Tliingfs] to be 
description careful about 

Create 3v^iirlygig5 ^-.^epItievMna 
wild diMerentvving ivn.in an.j strr̂ -n 
lengths l=ngth '".onsigni 

Have one person stand ^^?J^^^^,,^ 
on a Chair and drop a T / . ^ . ^ I h 4 t 

(-lave another person , , , 
use a stopwatch to ' / T ' : * ; / ^ ^ ^ ' " " 
lime now long the '!!; \^^ 
whirfj'gigis inttieair. • '̂-'•'̂ '"tf.y 

For each whirty gig. 
repeal steps 1-2 five 
Drrtes, 

Pmd the average of the 
5 trials for each vihirfy Getting the 
gtg to see ivtuch one average 
was ifie slowest 

Jure 

How you will be 
camful 

Use the template and 
ony change the wing 
length 

The same person should 
drop the v.ftiriy gig each 
Dnrie. 

Srarr the stopwatch as 
soon as the dropper lets 
go, stop the watch as 
soonasthevrfiirfygig 
nits the ground. 

T^BI 
Use a calculator 

. .̂ . J 
Figure 14-3. Additional prompting for "My Plan" and "Step-by-Step Procedure" in the soft
ware templates for "My Experimenf found in SMILE (See Kolodner et al., 2004, for more 
detail) 

4.2 Launcher Units for introducing scripted activity 
structures 

Experiences in the classroom show that, in addition to what cognitive ap
prenticeship suggests about repeated deliberative practice, learners needed 
help getting started with each practice (Kolodner et al., 2003; Holbrook & 
Kolodner, 2000). Asking students to learn the scripted sequences of activi
ties and the purposes of each step in their sequencing at the same time they 
were learning new and difficult science concepts, was difficult for students 
to achieve and difficult for teachers to facilitate (Kolodner, Camp, et al., 
2003). At the request of teachers the LBD research group worked with, the 
research group created introductory launcher units (Holbrook & Kolodner, 
2000; Kolodner et al., 2003) with four weeks of activities in them that intro-
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duce students to scripted activity and discourse structures and sequences 
(classroom scripts) in the context of a series of science activities that require 
only simple content. Launcher units are intended to help students quickly 
learn basic scripts for each activity and discourse structure that include se
quencing and purposes. 

For example, in their first activity in the year, students attempt a simple 
design challenge in small groups and show their results to the class in a gal
lery walk (after reading about what a gallery walk is). They get to work and 
create something very quickly, usually with little deliberation about what the 
options are. During the gallery walk, they notice that not everyone had the 
same understanding of the challenge, providing the teacher with an opportu
nity to point out what it means to understand a challenge and its importance 
before going off and trying to achieve it. They continue by defining the 
challenge better, this time in terms of criteria (goals to be achieved) and con
straints (limitations and availability of resources, time, and so on). Then, the 
teacher asks them to attempt it again. As they engage in planning their de
signs this time {plan design), each group deliberates about how well they are 
achieving the criteria and keeping within constraints, and when they do their 
next gallery walk, each group presents not only its solution but why they 
think it is a good solution. This second time through, however, students no
tice that they've copied from each other. They also notice how much better 
their designs are as a result of considering the criteria more deliberately, 
considering the goodness of options they considered, and integrating in the 
ideas of others. The teacher helps them recognize how much they learned 
from each other but that fairness requires giving each other credit. At the 
conclusion of this second gallery walk, they discuss what they've learned 
about planning a design (specify and consider criteria and constraints) and 
how to participate well in a gallery walk, articulating how important it is to 
give credit to others for their work. A major addition most students make to 
their personal scripts for gallery walks (which can be observed next time 
they participate) is that while one is showing off a solution, one must discuss 
what work that solution builds on and who was responsible for that work. 

Students engage in similar mini-challenges to introduce them to the need 
to control variables, measure accurately, run procedures in a consistent way, 
and so on. They also watch a movie where they have a chance to observe 
scientists, engineers, or designers engage in these same kinds of activities -
collaborating, investigating an unknown, making a well-formed scientific 
argument, designing an experiment, and so on. Other activities go into more 
depth in different parts of the design and investigation cycles, introducing 
the range of scripted activity structures (e.g., pin-up sessions, poster ses
sions, designing an experiment) and the scientific reasoning and practices 
they include (interpretation of data, scientific explanation, and so on). As 
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their last activity in a launcher unit, students tackle a relatively simple but 
full design challenge, in which they participate in the full LBD cycle (as in 
Figure 14-1). In the physical science launcher, they spend 8 days designing 
parachutes and learning a bit about combining forces; in the earth science 
launcher, they spend 3 weeks designing a way to manage erosion in a desig
nated area and modeling their solutions in a stream table, learning about 
earth's surface processes and interactions between people and the environ
ment. 

By the time they've finished a launcher unit ( 4 - 6 weeks), students have 
engaged several times in each of LBD's classroom scripts, and they've had 
one full run-through of the LBD cycle. Students come away from these 
launcher activities with the want to collaborate, basic ability to participate in 
each classroom script, and an appreciation of many of the practices scientists 
engage in (Gray, Camp, Holbrook, & Kolodner, 2001; Kolodner et al., 
2003). 

Each additional unit, lasting 3 to 10 weeks, makes at least one run 
through the entire LBD cycle and several runs through each of the classroom 
scripts. Discussions before small-group activities remind students of the 
ways they've carried out these activities previously, and discussions after 
each of the discourse activities focus on both content that is being learned 
and their added sophistication in carrying out the scientific reasoning and 
science practices that they've worked on in their small groups. There is often 
reference back to experiences during the launcher unit, as these are the ac
tivities that classroom scripts were originally learned from. 

5. DISCOURSE, COLLABORATION, AND LEARN
ING 

The examples at the beginning of this chapter show that at least some 
students in LBD classrooms are able to participate productively in LBD's 
classroom scripts and the collaborative discourse that goes with them. A va
riety of evidence of development of student discourse capabilities has been 
collected, most reported in research articles. Three very robust findings with 
respect to scientific discourse fall out of analyses: 

1. Using performance assessments and comparing learners in LBD classes 
and learners in matched inquiry science classes, we find that LBD stu
dents consistently participate more and with better quality than non-LBD 
students in science practices and discourse. This comparison holds as 
early as right after the launcher unit and continues throughout the school 
year after students engage in additional LBD units (Kolodner et al., 2003; 
Gray etal., 2001). 
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2. When comparing the performance of LBD students early in the school 
year and later in the school year on these same performance assessments, 
their participation in discourse increases both in quantity and quality. The 
more LBD units they've engaged in, the more their discourse capabilities 
increase (Kolodner, Camp et al., 2003). 

3. The more attention teachers focus on whole-class discussions at the end 
of discourse forums, the more participation in discourse increases over 
the school year. (Ryan, 2003; Ryan & Kolodner, 2004) 

The first two results are consistent in data collected over a 5-year period 
- across matched classes, and with average ability, honors, rural, suburban, 
urban, low-income, and high-income populations. The third is based on less 
data but is no less significant. AH of these results come from performance 
assessments in which students are asked to work in small groups, first to de
sign an investigation, then to carry out an investigation, and then to interpret 
results and apply them. The science content in performance assessments is 
purposely at a basic level so that all participants have adequate science un
derstanding to be able to participate. Data are coded for degree of collabora
tion, remindings of previous experiences, and quantity and quality of scien
tific discourse. Results pertaining to scientific discourse come from three 
coding categories: science content talk, science practice talk, and self-
checking of science practice. Performance assessments are done in LBD 
classes after each unit, and those same performance assessments are done in 
classrooms matched to each LBD class later the same week or the week af
ter. Content in performance assessments has always been covered in non-
LBD classes. 

The discussion below, for example (extracted from Kolodner et al., 
2003), happened midway through the school year as students were deriving a 
procedure for measuring the speed of a battery-operated toy car. While the 
discourse certainly isn't fluent, it's quite good for middle-school students 
(grade eight; age 14); all of the students in the group participated, and they 
talked about science content (what is speed) and several science practice is
sues - what is expected of them, how to measure, what to measure, how to 
collect data, and what it would take to get trustworthy results ("three times 
and it will come about the same. ... it's got batteries."). 

B2- We must have the measurements of the distance the car travels 
and the time that it took to travel. The average speed of the 
car. What if the car is not stopping? The car keeps going. 

Bl- You don't have to put how far it went. Just put the speed of it. 
Just put how fast it goes. 

B2-1 know but I am tiying to figure out speed. 
Bl- Distance divided by time. 
B2- We must have a measuring device. 
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B2- That wouldn't be the average speed. 
B3- We just have to do it a couple of times. 
B2- Just a couple of times and then divide by that number of times. 
B l - You can find the speed of an object. 
B3- It says average speed, John (name changed). 
B l - Okay, just turn it on and let it go for about five seconds and 

then you'll get the same thing about every time. 
B3- How about we make it start here [indicates one side of the ta

ble] and end it here [points to the other end of the table]. 
B l - You can just write. Do the test about two or three times and it 

will come about the same. Cause it is not like your balloon 
cars, it's got batteries. 

In general, discourse among eighth graders doesn't look a lot like dis
course among mature and knowledgeable grownups. The transcripts that go 
with the three examples at the beginning of this chapter have the same quali
ties as the discourse shown above - it is not always possible to figure out 
what the children mean, they interweave several conversations with each 
other, they intersperse real science discourse with discussions about hair, 
who has better handwriting, romantic interests, and the like. They don't al
ways get to the depth we would like. And their discussions are often quite 
disconnected. For example, the discussion from the first example about 
straw length effecting mass looks like this: 

JG: Don't you think when you're cutting the straw it's changing 
the mass? 

AB: Uh, yeah. 
MY: MV: (at same time) Yeah, that's the straw length. 
KD: Yeah but that's the... 
KD, KK: (at about same time) Straw length. 
KD: You can't make it shorter, and not cut it, without changing the 

mass. 

?: (at same time as KD) You could tape it. 
CF: (at same time as KD) Yeah, but... 
JG: (at same time as CF) You but it, you can just put the 10 cm 

through it in the, that part. 
AB: (at same time as JG) But that's still not, that's not. something 

they tested. 

KD: (talking over JG) (gesturing) Wouldn't it change the the mass 
of yours too? 

JG: Yeah all the different air... 
KD: All of the masses would change, in yours. 



260 Chapter 14 

AB: Yeah, our mass changed too. 

On the other hand, it is notoriously difficult to get eighth graders to 
participate in these kinds of discussions. LBD students participate far better 
than their matched counterparts in science discourse, and, in general, in sci
entific activity, and their participation gets better over time with additional 
practice. LBD students come to know the scripts for the classroom, and they 
come into the classroom ready to participate. During performance assess
ments, they move directly into the activities they are asked to do with little 
or no time needed to figure out what's expected (Kolodner et al, 2003). 

6. CONCLUDING THOUGHTS 

Many of the chapters in this book are about providing scripts to collabo
rators to help them carry on a conversation, and almost all are about on-line 
collaboration and instructional scripts that can be used to promote productive 
discourse on-line - all quite different from LBD's model. Nonetheless, the 
analysis of LBD, I think, can contribute several things to discussion about 
the potential role of scripts in promoting good collaborative discourse. First, 
LBD contributes the notion (a reminder, really) that while one can design 
sequences of events or activities to be used as scripts, it is important to re
member that their use will depend on how well they are learned as scripts. 
Both the cognitive and socio-cultural literatures emphasize this. Such learn
ing requires a combination of observation, participation, repetition, identifi
cation of the sequencing, understanding of the purposes of steps in the se
quencing, and experience with and understanding of variations in the class
room scripts that promote discourse. Such learning may not happen quickly, 
and learners need a variety of opportunities for practicing to learn the basics 
of scripts and the variety of ways of engaging in each. 

Second and related, it seems that learning how to participate in discourse 
is like learning how to participate in other cognitive activities and practices. 
Because the reasoning involved in participating is invisible, and because 
learning to participate requires reflective practice, there's a need for facili
tating the learning of discourse practices that will be used in collaboration in 
the same way the learning of other reasoning activities and practices are fa
cilitated. As such, as Collins et al. (1989) propose with respect to promoting 
learning of cognitive skills, promoting learning of discourse skills and prac
tices might require such things as modeling behavior for observation, coach
ing, prompting, scaffolding, facilitating reflection and articulation of the 
steps, and so on. That is, participating in classroom scripts that promote cer
tain kinds of discourse isn't enough. Classroom scripts need to match dis
course needs, and instructional strategies need to include ways of introduc-



14. The roles of scripts in promoting collaborative discourse 261 

ing each classroom script and of promoting reflection on and articulation of 
their sequencing, purposes, variations, and so forth (making the invisible 
visible). 

Third, effective collaboration is always about something. Our mode of 
encouraging good collaborative discourse in LBD has been to help learners 
learn how to engage proficiently in targeted reasoning. This gives collabo
rators tools they need for doing and critiquing reasoning together. LBD's 
activities don't directly teach ins and outs of collaborative discourse; rather, 
they teach children to reason scientifically, giving them reason to hold each 
other to high standards of scientific reasoning. This is probably not enough 
for all collaborative discourse, but it can go a long way. 

How does this advice translate into design of computer-supported scripts 
for interaction? Computer-supported scripts, as any other kind of script, need 
to be designed to promote students taking on appropriate goals, to match 
perceived needs of learners, and in a complete system that takes into account 
what scripts need to be learned by learners, the kinds of scripted activities 
that would afford such learning, and the instructional strategies to promote 
targeted learning. Each designed classroom script needs to be enacted re
peatedly and deliberatively and with modeling, coaching, and/or scaffolding 
in contexts of authentic need and use; each script needs to be introduced as a 
way of achieving perceived goals and deliberated over repeatedly so that 
learners will develop more embellished cognitive structures over time and 
with practice; and learners need scaffolded experience with the major varia
tions of each script. Most importantly, I believe, is that the system of class
room scripts and instructional strategies needs to include opportunities for 
small-group as well as public (whole-class/large group) practice. Similar to 
what Vygotsky (1978) claims about learning in individuals, LBD's results 
show that small groups and individuals get better at collaborative discourse 
to the extent that they get to participate in, observe, reflect on, and identify 
the ins and outs of similar collaborative discourse that happens in public fo
rums. 
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Abstract: This chapter discusses different educational approaches to collaboration 
scripts. When carefully designed, scripts can push learners to that kind of 
situations in which meaningful interaction can take place. However, many 
conditions need to be met for this to happen in authentic classroom contexts. 
One of the biggest educational challenges in instructional design of computer-
supported collaboration scripts is to better integrate them into wider social 
planes such as overall classroom activities. Scripts could also be considered as 
contextual and situated resources in collaborative learning environments. Fur
thermore, a challenge for future research is to explore how external scripts can 
be gradually replaced by individual self-regulation. In order to face many of 
these challenges, longer-term follow-up studies should be conducted in re
search on collaboration scripts. 

1. INTRODUCTION 

The use of online learning environments has increased in different edu
cational settings. The problem has been that simply offering online learning 
environments for student use does not guarantee that they will interact in a 
way that promotes learning. Also, teachers in the field need pedagogical 
guidance to use new learning environments. For example, the research done 
recently in four Scandinavian countries reveals that of the two thirds of the 
teachers who have received ICT training, only one third of them felt quali
fied to use ICT in their teaching (E-Leaming Nordic, 2006). 

At the same time, increasing interest in research on collaborative learn
ing, particularly in computer-supported settings, has provided knowledge 
that can guide and support student interaction and collaboration. Through 
scripting, learners would convey an introduction to the activities that they 
would not otherwise engage in on their own. Scripts have proved to be a 
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valuable approach to facilitate specific forms of interaction and collaborative 
activities in online learning environments, which can promote different kinds 
of learning objectives without compromising the idea of self-guided learning 
(e.g., Dillenbourg, 2002; Weinberger, Ertl, Fischer, & Mandl, 2005). 

The basis of the research on collaboration scripts, as also represented in 
this book, is the integration of different sciences - cognitive psychology, 
computer science and educational science - which makes the theoretical 
background stronger than what would be represented by only one discipline 
(Fischer, Wecker, Schrader, Gerjets, & Hesse, 2005). The role of educational 
science is to offer practical insights into exploring the use of scripts in real-
life educational settings. In addition, there are pedagogical challenges we 
will face when implementing scripts into practical educational settings. The 
articles in this section deal with the design principles and effects of collabo
ration scripts. Further, they raise several questions related to pedagogical 
challenges, as well as to methodological questions of studying scripted col
laboration. 

2. DIFFERENT NOTIONS OF SCRIPTING 

Collaboration scripts comprise a number of rules, which describe the way 
in which learners should interact with each other and collaborate on a task 
(O'Donnell & Dansereau, 1992). Specifying learners' collaboration proc
esses through scripts is intended to help learners to enter into activities that 
serve productive interaction and collaborative knowledge construction. 
Scripts are meant to assign actions in such a way that all learners will carry 
out in turn the action specified or perform a predefined series of specified 
actions (Weinberger, 2003). Scripts also provide collaborative learners with 
a complex set of instructions detailing several goal dimensions, for example, 
supporting meta-cognitive and elaborative activities or fostering epistemic 
activities or social processes in particular. Subsequently, scripts aim to en
hance the probability of productive interactions. 

Recent research on collaboration scripts has made a distinction between 
macro- and micro-scripts (Dillenbourg & Jermann, this volume; Kobbe, 
Weinberger, Dillenbourg, Harrer, Hamalainen, & Fischer, 2006). Micro-
scripts lean more toward a psychological, process-oriented perspective, 
whereas macro-scripts are based on an educational perspective that influ
ences the process more indirectly. According to Dillenbourg and Jermann 
(this volume), a micro-script scaffolds the interaction process per se by pro
viding sentence starters, question prompts or descriptions. A macro-script, 
on the other hand, sets up conditions in which favourable activities and pro
ductive interaction should occur. Macro-scripting targets to push learners to 
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engage in those kinds of activities that promote interaction, but no specific 
support, for example, on how learners should interact is given. Compared to 
micro-scripts, macro-scripts also typically describe longer time segments and 
are spread over more social planes, emphasizing the orchestration of activi
ties within the classroom. In this section of the book, the scripts presented in 
the articles by Weinberger, Stegmann, Fischer, and Mandl, as well as by 
Ertl, Kopp, and Mandl, more or less represent micro-scripting. The script 
presented in the article by Kolodner, on the other hand, represents macro-
scripting. 

Kolodner's study was conducted in face-to-face situations as a long-term 
study in authentic classrooms. Her article describes how scripts can help to 
integrate aspects of interaction and make them suitable for use in educational 
settings. According to Kolodner, it is important that learners gamer various 
experiences when participating in the kinds of practices and activities, such 
as observing, repeating and reflecting, which enhance their membership and 
active learner role in the scientific community. It is not enough to just pro
mote certain kinds of discourse. Learners also need to have a good reason for 
discourse, and classroom scripting can be matched with different discourse 
needs (see also ArgueGraph; Dillenbourg & Jermann, this volume). The 
Learning by Design model presented by Kolodner is in many ways different 
from the scripts presented in the other two chapters in this section. The LBD 
model represents macro-scripting involving some micro-scripting (prompts, 
coaching). This macro-scripting provides the reasons for learners to partici
pate in productive discourse with their fellow learners in the LBD model. 
Although reporting better participation in scientific activity in the 
Kolodner's study, the learning outcomes were not reported. This will raise a 
question as to whether different learners learned the content better than 
without the LBD model. 

In the study by Weinberger and his colleagues, the university students 
solved three cases using the attribution theory in the online learning envi
ronment. The results show that when supporting students' social interaction, 
their interaction was not only more productive and meaningful, but also their 
epistemic activities were enhanced. It might be interesting to see analyses on 
how the students proceed from one case to another, whether they develop 
their own scripts regardless of the scripts which were given, and whether 
these groups get better when solving the second and the third case. Also, 
repeating the same activities might provide a clue as to whether the learners 
adopted these scripts or created scripts suitable for the particular group as in 
Kolodner's studies. Planning a long-term study, where the same students 
solve different tasks, might help to determine whether these scripts will be 
adopted and whether students can transfer these scripts into different situa-
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tions. This way we could also explore how students use the scripts as situ
ated resources of the learning context (see also Stahl, this volume). 

In the study by Ertl, Kopp, and Mandl, the content schemes were effec
tive in both of their studies. In their first study, the scheme was effective in 
terms of collaborative learning outcomes, whereas, in the second study, it 
has a positive effect on both collaborative and individual learning outcomes. 
One of the basic ideas behind collaborative learning is that groups should 
perform better and produce something greater than individuals alone could 
perform or produce. This study has been able to find a way to support groups 
to collaborate in such a way that they are successful as a group. Further 
questions in this line of research might be: Are collaboration scripts as useful 
in videoconferencing as in face-to-face situations without training and with
out reflection? This particular study was a short-term study, whereas repeat
ing and using the same guidelines several times might give different results 
and might help learners to internalize scripts. 

To sum up all the three studies in this section, it seems evident that with 
regard to collaborative learning, it is important to support not only the con
tent, but also the social level of interaction (see Barron, 2003). It seems that 
learners face a dual-problem space of this kind as they are supposed to work 
and learn collaboratively. Crucial problems concerning interaction in differ
ent educational settings can emerge in the relational space, that is, at the so
cial and emotional levels of collaboration. In Kolodner's LBD cycles, there 
are two types of classroom scripts represented: action and discourse. Action-
based activities (e.g., designing an experiment) are associated with skills and 
practices of science and design, they happen in small groups, and they pro
vide context for discourse. Discourse activities, on the other hand, have dis
course as a major activity, and they sequence and specify who has the floor 
and what the content of discussions is. Weinberger and colleagues differenti
ate between three process dimensions: epistemic dimensions, referring to 
arguments as steps towards solving the learning tasks, an argument dimen
sion, referring to formal criteria for solving the learning task, and a dimen
sion of social modes of co-construction, referring to how learners interact 
with each other. Ertl and colleagues talk about content schemes as content-
specific support and task-specific support as collaboration scripts. 

Altogether, there is growing evidence that learning in collaborative envi
ronments cannot be explained as constituting only the result of specific 
abilities, but appears as the product of complex and dynamic interactions 
between cognitive, social, affective and motivational variables (Pintrich, 
Marx, & Boyle, 1993). What is needed now is to better understand how in
dividuals' mental processes relate to social and situational factors that influ
ence cognitive performance and learning. Furthermore, the activities in-
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volved in collaborative learning are much more complicated than what out
comes alone reveal (see also Dochy, 2005). 

3. METHODOLOGICAL CHALLENGES 

The studies in this section also raised several methodological questions 
and challenges. While seeking methodological accounts for capturing, e.g. 
the processes of collaborative learning or scripted collaboration, we should 
bear in mind that the analysis of collaborative interaction cannot be isolated 
from the context in which it is embedded (Crook, 2000). To find out more 
about the nature of collaborative learning processes and what promotes col
laborative knowledge building, different features affecting learning must be 
studied in the context of the joint activity, i.e. with relation to and in the 
form they occur in different learning environments. Furthermore, it is also 
important to develop methods for identifying how scripts are used as situated 
or contextual resources as suggested earlier. Consequently, new methods are 
needed to capture the process of collaborative interaction and its contribution 
to learning. 

Altogether this requires longer term follow-up studies with the same 
groups, not just analysis of short episodes of interaction. We should move 
towards micro-level analysis of interaction in the study of scripted collabo
ration. The long-term follow-up studies could enlighten, for example, 
whether scripts can be faded out in order to see if learners adjust their tech
niques when there are no longer scripts to guide them. However, this de
mands that group processes are followed in running time in order to trace 
these problems learners are facing. 

4. DESIGN ISSUES AND PEDAGOGICAL CHAL
LENGES 

One of the crucial questions from the perspective of educational research 
is the impact of basic research. How can the research on collaboration scripts 
inform us in developing pedagogical practice? And what are the biggest 
challenges in designing and implementing scripted collaboration, such as 
presented by the authors in this book, for authentic learning environments? 

A notably challenging task is to transfer the implications of research 
projects out into the field. One of the challenges therein is to modify and 
revise the existing practices to form a new culture of schooling. Stahl (2005) 
puts forth an interesting idea about a theoretical confusion between learning 
and group knowledge. This can be seen as a barrier to both educational 
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practice and educational research. Learners, teachers and researchers have a 
tendency to see learning as an individual attribute, failing to grasp the true 
potential of collaborative learning, as they lack awareness that groups can 
construct knowledge together in a way that is impossible for single learners 
and that group learning can subsequently enhance individual learning (Stahl, 
2005). 

Teachers need instructional strategies when introducing classroom 
scripts, as well as promoting reflection and articulation of their sequencing, 
purposes, variations, etc. In some of the studies, students repeat the problem 
solving task three times (for example, Weinberger et al., this volume), but 
they do not reflect on what they were doing and why and how. Therefore, 
they might have problems in transferring the scripts into different situations. 
Kolodner described in her article that when repeating and afterwards re
flecting on these activities and practices, collaborators became more in
volved in participating in the activities and discourse. The quality of partici
pation and discourse also increased. According to Kolodner, classroom 
scripts and instructional strategies need to include opportunities for small-
group as well as public (whole-class/large group) practice. 

From the instructional design perspective, scripts should allow flexible 
mobility between different social planes (individual - group - classroom). 
According to Dillenbourg (2002), the effectiveness of scripts is based on the 
idea of integrating usually separate activities: individual, cooperative, col
laborative and collective activities. Furthermore, scripts enable the integra
tion of co-present activities and computer-mediated activities. They also in
troduce a time frame in distance education where students often lack land
marks for their time management. The other side of the coin in designing 
well-defmed scripts is the risk of over-scripting collaboration. Predefined 
scripts can disturb the richness of natural interaction and problem solving 
processes. Furthermore, this kind of "educational engineering" approach can 
lead to striving for effectiveness at the cost of the genuine notion of collabo
rative learning. The balance between the benefits and risks of structuring 
collaboration depends on the core mechanism that the script is based on, in 
other words, how the designer or teacher aims to foster productive interac
tions and learning. 

What has not been studied much yet is how teachers adopt the use of 
scripts or how their own role and conceptions of learning fit with the ones 
represented by scripting. Can the use of scripts even create a conflict in a 
classroom regarding the role of teacher? This definitely depends on whom 
the scripts are designed by. Therefore, one of the crucial questions is how to 
facilitate the teachers' design and use of collaboration scripts. One option 
suggested by European Research Team CoSSICLE ("Computer-Supported 
Scripting of Interaction in Collaborative Learning Environments"; funded by 
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the Kaleidoscope Network of Excellence) is to develop tools to help in de
signing collaboration scripts. Compared to any authoring tool, the idea be
hind these tools should be to make pedagogical rationale behind the scripts 
explicit. 

5, CONCLUSIONS 

It is evident, also on the basis of the studies presented in this book, that 
scripted collaboration does not happen without problems and challenges. 
Different groups will act differently regardless of the same instructional in
terventions and environments. Therefore, the question arises whether scripts 
allow enough freedom for the group members to choose the best way for 
them as a group to collaborate and learn together. In the design of collabora
tion scripts, we often refer to so-called "ideal scripts", whereas actual scripts 
are the ones that tell us what really happens and emerges in interaction 
situations. Furthermore, we should consider what other scripts may already 
be operating in the learners' mind(s) or in the learning environment (internal 
scripts & external scripts; see Kollar, Fischer, & Slotta, 2005). Learners have 
learned particular interaction patterns in everyday situations or in educa
tional situations, which they try to transfer to, e.g. collaborative learning 
situations. However, learners might be unfamiliar with collaborative learning 
situations, and therefore, may fail to use skills and knowledge, which they 
already possess, in daily situations that enable them to collaborate. 

Weinberger and colleagues raise an important challenge for the future re
search of CSCL environments. Namely, we should focus on how scripts can 
be designed not to substitute, but to facilitate discourse and cognitive activi
ties related to individual knowledge acquisition. There is also a need to in
vestigate the interaction of different script components that may be adapted 
to the already existing internal scripts. Internal scripts can play a crucial role, 
i.e., when using scripts for videoconferencing like in the study by Ertl and 
colleagues. Using the same guideline several times in videoconferencing 
scenarios may encourage learners to internalize it as a script. And, after a 
time, this internalized script may be able to support learners as suggested by 
Schank and Abelson (1977). Also, Kolodner emphasizes that while one can 
design sequences of events or activities to be used as scripts, it is important 
to remember that their use will depend on how well they are learned as 
scripts. Therefore, one of the most crucial questions here is how external 
scripts can gradually be replaced by individual self-regulation. 

Based on the three different studies highlighted in this section, certain 
kinds of scripts do enhance learner interaction in a meaningful and produc
tive way with regard to collaborative learning. However, learners will not 
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interact with each other in a productive way, if there is not a good reason for 
it. Therefore, an authentic need for collaboration as suggested by Kolodner is 
required. For example, in the LBD model, effective collaboration is always 
about something, namely, LBD aims to encourage the learning of the rea
soning that needs to be done collaboratively. With scripts, learners can be 
guided to the kind of situation where learners need to interact with each 
other and support each other to interact meaningfully. 
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DESIGNING INTEGRATIVE SCRIPTS 

Pierre Dillenbourg and Patrick Jermann 
Ecole Polytechnique Federate de Lausanne (EPFL) 

Abstract: Scripts structure the collaborative learning process by constraining interac
tions, defining a sequence of activities and specifying individual roles. Scripts 
aim at increasing the probability that collaboration triggers knowledge genera
tive interactions such as conflict resolution, explanation or mutual regulation. 
Integrative scripts are not bound to collaboration in small groups but include 
individual activities and class-wide activities. These pre- and post-structuring 
activities form the didactic envelope of the script. In many cases, the core part 
of the script is based on one among a few schemata: Jigsaw, conflict, recipro
cal. We propose a model for designing this core component. This model pos
tulates that learning results from the interactions that students engage in to 
build a shared understanding of a task despite the fact that it is distributed. 
Hence, the way the task is distributed among group members determines the 
interactions they will engage in. Interactions are viewed as the mechanisms for 
overcoming task splits. A large variety of scripts can be built from a small 
number of schemata, embedded within activities that occur across multiple so
cial planes, activities which are integrated with each other by few generic op
erators. 

1. INTRODUCTION 

When teachers ask students to carry out collaborative activities, they usu
ally provide them with global instructions such as "do this task in groups of 
three". These instructions are completed with implicit expectations with re
spect to the way students should work together, for instance an even group 
participation is often believed as desirable. A script describes the way stu
dents have to collaborate: task distribution or roles, turn taking rules, work 
phases, deliverables, etc. This contract may be conveyed through initial in
structions or encompassed in the learning environment. 
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Scripts illustrate the convergence between instructional engineering and 
socio-constructivism. The need for engineering collaborative learning results 
from empirical studies on the effectiveness of collaborative learning. These 
studies show that this effectiveness depends upon multiple conditions such 
as the group composition (size, age, gender, heterogeneity, etc.), the task 
features and the communication media. These conditions are multiple and 
interact with each other in such a complex way that is not possible to guar
antee learning effects (Dillenbourg, Baker, Blaye, & O'Malley, 1995). What 
predicts learning outcomes is the richness of social interactions (conflict 
resolution, elaborated explanations, mutual regulation, ...). Scripts aim at 
enhancing the probability that these knowledge productive interactions occur 
during collaboration. Hence, the key design issue: which interactions need to 
be scaffolded in order to reach the educational objectives? 

Most chapters in this volume address the notion of scripts in computer-
supported collaborative learning (CSCL). Within the classification proposed 
by King (this volume), our approach clearly belongs to the pedagogical 
stream: our scripts are pedagogical artifacts designed by educators and ex
plicitly imposed on learners. The striking similarity between the many ex
isting scripts resembles an invitation to produce a design model. Beyond the 
sake of modeling, this model could be used to foster exchanges among 
teachers or designers and to build tools for authoring CSCL scripts. It is not 
presented as a cognitive model of collaborative learning processes but as a 
design metaphor, i.e., a way to envision scripts. Its basic principle is to in
troduce a perturbation in a distributed system, so that the system will trigger 
repair mechanisms. These repair mechanisms require the knowledge-inten
sive interactions that the script aims to trigger. 

2. EXAMPLES OF CSCL SCRIPTS 

We present four scripts that we have developed and used with our own 
students. These examples will enable us to better describe the variety of 
scripts (section 3) and then to explain our design model (sections 5 and 6). 

2.1 The "Concept Grid" script 

The best-lcnown collaborative script is the Jigsaw: each group member 
has only access to a subset of the information needed to solve the problem 
(Aronson et al, 1978) and therefore no individual can solve the problem 
alone. Group members should not simply forward information to each other: 
the member who owns a body of information has to process it, to become an 
"expert" of that sub-domain, in order to share it and to contribute to problem 
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solving. The information given to group members defines their role. There 
exist multiple variations of the Jigsaw model. Some scripts alternate two 
types of meetings: students work in mixed groups (role-x role-y role-z), but 
from time to time, they form perpendicular groups, also called expert groups 
(role-x role-x role-x...) to share their expertise. In our example, knowledge 
distribution is induced by the script, but another script may also exploit 
'natural' differences in prior knowledge: students with qualitative versus 
quantitative knowledge in physics (Hoppe & Ploetzner, 1999), students in 
medicine versus students in psychology (Hermann, Rummel, & Spada, 
2001), students from different countries (Berger et al, 2001, see 2.4),... 
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Figure 16-1. ConceptGrid Script in phase 4: Students build a grid of concepts. Each concept 
links to a definition they have written in phase 3. For each symbol between cells, they write a 
text explaining the similarity/difference between neighbor concepts. The 2 names in the cells 
are their own name (blurred) and the name of the role they are playing. 

We implemented an instance of Jigsaw, the Concept Grid, in a master 
course on learning theories for educational software. Students have to learn 
the key concepts of the domain and the underlying theoretical framework. 
Figure 16-1 shows a grid produced for the first chapter, concerning learning 
theories in traditional computer-based teaching. The script runs as follows: 

• Phase 1. Groups of four students are freely formed. They distribute roles 
among themselves. Roles coiTespond to theoretical approaches to be 
learned. In Figure 16-1, the roles are Skinner, Bloom, Anderson and 
Saint-Thomas. New roles are proposed for each chapter except for 'Saint-
Thomas': his role is to be skeptical with regards to the effectiveness of 
the educational software under study and hence to review experimental 
studies. To enter into their role, students have to read three papers de
scribing the related theory or studies. 

• Phase 2. Groups receive a list of concepts to be defined. Examples of 
concepts appear in the cells of Figure 16-1. They cover the key notions 
that the teacher expects the learners to acquire. The group distributes 
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concepts to be defined among its members. The teacher does not specify 
which role is Icnowledgeable for which concepts. 

• Phase 3. Each student writes a 10-20 lines definition of the concepts that 
were allocated to him/her. 

• Phase 4. Groups assemble the concepts into a grid (see Fig. 16-1) and 
define the relationship between grid neighbors: The "<>" and "><" sym
bols are links toward a short text that describes relationship between two 
concepts: the symbol "<>" links to explanations that discriminate similar 
concepts (and could be confused by students) and the symbol "><" links 
to explanations that articulate concepts that are apparently unrelated. 
Groups have to try many organisations of the concepts on the grid before 
being able to define all relationships. 

• Phase 5. The teacher analyses all grids before the debriefing session. 
During this session, he points out the inconsistencies between grids pro
duced by different groups, the cases where close concepts have not been 
recognized as being similar and, vice-versa, concepts that have been as
sociated while they have a very different meaning. 

This script is not fully collaborative. Phase 3 is cooperative (each student 
individually writes a text). The core part is Phase 4: the only way to build the 
grid and to define the relationship between two concepts CI and C2 is that 
the student who read about CI explains it to the student who read about C2 
and vice-versa. It cannot be a shallow explanation; they have to reach a rea
sonable level of shared understanding to write these "relationship" texts. 

2.2 The "ArgueGraph" script 

The "ArgueGraph" script was used in an educational technology course. 
The goal of the session was that students relate courseware design with 
learning theories. We tested several versions of this script, within two CSCL 
environments, with different combinations of co-presence and distance 
(Jermann & Dillenbourg, 2003). It includes five phases: 

• Phase 1. Each student takes a multiple-choice questionnaire produced 
by the teacher. The questions have no correct or wrong answer; their an
swers reflect theories about learning. For each choice, the students enter 
an argument in a free-text entry zone. 

• Phase 2. The system produces a graph in which students are positioned 
according to their answers (Figure 16-2). A horizontal and vertical score 
is associated to each answer of the quiz and the students' position is sim
ply the sum of these values. Students look at the graph and discuss it in
formally. The system or the tutor forms pairs of students by selecting 
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peers with the largest distance on the graph (i.e., that have most different 
opinions). 
Phase 3. Pairs answer the same questionnaire together and again provide 
an argument. They can read their individual previous answer. 
Phase 4. For each question, the system aggregates the answers and the 
arguments given individually (Phase 1) and collaboratively (Phase 3). 
During a face-to-face debriefing session, the teacher asks students to 
comment on their arguments. The set of arguments covers more or less 
the content of the course but is completely unstructured. The role of the 
teacher is to organize the students' arguments into theories, to relate 
them, to clarify definitions, in other words, to structure emergent knowl
edge 
Phase 5. Each student writes a synthesis of arguments collected for a 
specific question. The synthesis has to be structured according to the 
theoretical framework introduced during the debriefing (Phase 4). 

Figure 16-2. ArgueGraph, phase 3: Graph representing individual answers (names have been 
erased). 

2.3 The "UniverSante'' script 

This "UniverSante" script was designed for teaching public health 
(Berger et al, 2001) in a course jointly given at the Universities of Geneva 
(Switzerland), Beirut (Lebanon), Monastir (Tunisia) and Yaounde 
(Cameroon). The students were divided into five thematic groups: AIDS, 
cancer, infectious diseases, cardiovascular diseases and accidents. Each the
matic group includes four students of each country and a tutor. The script 
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includes seven phases: starting from a clinical case (Phases 1 & 2), students 
address public health issues (3 to 5), explore methods of epidemiology (5 & 
6) and build strategies to cope with public health problems (Phase 7). 
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Figure 16-3. A snapshot from the UniverSante environment. 

Phase 1. Each group receives a clinical case. For example, one "cancer" 
group works on the case of a woman with breast cancer whereas a second 
"cancer" group receives a case of a man with lung cancer. Each group 
discusses the case in a specific forum. The tutor guides the discussion in 
order to help the students identify and discuss the case with regard to 
public health. 
Phase 2. Two groups of the same country working on the same theme 
(e.g., the two "cancer" groups from Monastir University) interact through 
an on-line forum. A synthesis of the elements identified by each thematic 
group is presented during a face-to-face debriefing meeting in each 
country. 
Phase 3. Within a thematic group, the students of each country create a 
fact sheet describing the status of this public health problem in their 
country. For example, the Swiss students in the cancer group create a fact 
sheet "Cancer-Switzerland", which they enter into the database. The 
"Cancer" group of every country produces the same data. 
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• Phase 4. The students of each thematic group from different countries 
discuss the differences and the similarities between the fact sheets of the 
four countries in the forum. 

• Phase 5. Fact sheets are discussed during a face-to-face debriefing meet
ing in each country. The tutor prompts the students to identify any issue 
concerning the way in which statistical data were collected, treated or 
presented. 

• Phase 6. Students modify their fact sheet according to the methodologi
cal comments received in Phase 5. 

• Phase 7. Each thematic group is divided into two subgroups working on 
the cases they studied during Phase 1. Each subgroup proposes a health 
strategy to cope with the problem. The students enter their strategy (ob
jectives, actions, resources, evaluation) into the knowledge base through 
an on-line form. 

This script generates interactions by playing with differences: differences 
between clinical cases of the same disease (phase 2) aim at generating 
abstraction; differences between the statistics collected in different countries 
generate discussion on the salience of the disease (phase 4) but also on the 
methods for collecting comparable data (phase 5). Comparison of the 
different societal answers to disease generates awareness of the public health 
policies. 

2.4 The '̂Studio" script 

As last example, our Courseware Design Studio is an adaptation from the 
PhaseX script (Engeli, 2001) for supporting project-based learning. The goal 
of the project was to design a courseware. The project is segmented into 
phases. At each phase, all teams deposit their intermediate product in a 
shared space. At the next phase, each team is allowed to borrow the work 
produced by another team and to continue its work from it. The phases were 
goal definition, content analysis, activity design, and so forth. The rationale 
for this script is that the shared space allows for a permanent idea-seeding. 
However, while it seems to work very well in Engeli's 3D-design projects, 
our students were reluctant to exchange intermediate results in their design 
process. 

3. THE DIVERSITY OF SCRIPTS 

This book presents a variety of scripts. Our scripts illustrate different 
script schemata but are still rather similar to each other compared to other 
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examples in this book. This section reviews different understandings of a 
script while the next section specifies categories within our own scripts. 

3.1 Role: Why playing a script? 

For KoUar, Fischer, and Hesse (in press) and King (this volume), the 
term "external script" refers to the pedagogical scenario that students are 
asked to play, while the term "internal script" describes the mental represen
tation that students construct of the external script. The external script is a 
didactic artifact to be used during a training session. The internal script is a 
cognitive structure that, in many cases, existed before the training session 
(e.g., "How to argue with a peer?") and will continue to exist after the train
ing session. When the goal is that students internalize the script in order to 
reuse it in future situations, the script is a pedagogical objective. This is for 
instance the case of the reciprocal teaching script (Palincsar & Brown, 1984) 
which effectively fostered a high level of internalization. More modestly, the 
internalization of our Studio script was also an objective for our students, 
since the segmentation of courseware design into phases was something they 
had to learn. 

When the script is "only" a method to be used during a training session 
and not internalized for the future, students still have to build some internal 
script in order to be able to participate in the learning activities. We did not 
expect our students to remember the ArgueGraph or the ConceptGrid scripts 
a few weeks later; we expected them to have learned the content being dis
cussed in the script but not the script itself 

In summary, when the script is a method, the internal script is instru
mental to play well the external script; when the internal script is the objec
tive, it's the other way around. These are not exclusive: an argumentation 
script in which roles rotate may have as objectives both the content of argu
mentation (script as a method) and the ability to take the other's perspective 
(script as an objective). It is important to make explicit the status of a script 
before conducting an empirical study because they imply different forms of 
assessment, such as transfer task when the script is the objective and knowl
edge task when the content is the objective. 

Finally, Harrer, Bollen, and Hoppe (2004) use scripting collaboration to 
refer to another pedagogical method: the post-hoc analysis of the interaction 
log files by the students themselves. This reflective activity is namely a use
ful phase when the script needs to be internalized. Our scripts are prescrip
tive while their approach is descriptive. 
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3.2 Congruence: Do they play the script? 

When the teacher sets up an (external) script for the students, each of 
them constructs some internal script that will - to some extent - be different 
from the external script. Within a group, since students develop their own 
internal script, the interactions that actually take place will - to some extent 
- drift away from the interactions prescribed by the script. The congruence 
between the external script and emergent interaction patterns depends upon 
four script features: the degree of coercion, the intelligibility of the script, 
the degree of granularity and its fit to the team distribution. We now review 
these four congruence factors. 

The first congruence factor is the degree of coercion of the script. A 
script may be simply conveyed through initial instructions or be regularly 
enforced by prompts or other design features. Although this is a continuous 
variable, we identified five levels of coercion (Dillenbourg, 2002) presented 
in increasing order 

1. Induced scripts. The communication interface induces interaction pat
terns; it implicitly conveys the designer's expectations with respect to the 
way students should tackle the problem and interact with each other. This 
low degree of coercion is elegant but often not sufficient to significantly 
shape the collaborative processes. 

2. Instructed scripts. Students receive oral or written instructions that they 
have to follow. The coercion is higher than in the induced script since the 
teacher's expectations are made explicit, but they can of course be mis
understood, incorrectly applied, forgotten or completely ignored. Stu
dents have to build an internal script that corresponds to the external 
script presented by the teacher. 

3. Trained scripts. Students are trained to collaborate in a certain way before 
using the script it in a real learning situation. The degree of coercion is 
higher than in the instructed scripts since the teacher may control the stu
dent's internal script. 

4. Prompted scripts: The system displays cues that encourage the learners to 
take their respective role (Weinberger, Fischer, & Mandl, 2002). Their 
system delivers cues (text messages), that are supposed to lead students 
to take specific roles such as "analyzer" or "critic". 

5. Follow-me scripts. Students interact with an environment that does not 
allow them to escape from the script. 

A high degree of coercion reduces the gap between the external script 
and emergent interaction patterns but increases the risk of overscripting (see 
4). Our scripts have a low degree of coercion, obtained in various ways. In 
the ArgueGraph, the coercitive factor was the interface. In a first environ
ment we used, pairs could only provide one answer per question and argu-
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mentation was more intensive than in a second environment, where the inter
face enabled them to enter more subtle answers. In the ConceptGrid, coer
cion was induced by the grid structure which forces the students to explain 
concepts to each other. The UniverSante degree of coercion was very low 
and tutors had to permanently reinforce the script. In the Studio script, the 
most coercitive feature was the linear structure of the project segmentation. 
When coercion is naturally induced by the interface, as in ArgueGraph, we 
could talk about affordances, which sound more positive than coercion. 

The second congruence factor is the intelligibility of the script. We face 
intelligibility problems with the UniverSante script that occurred to be too 
complex (Berger et al, 2001) in this international public health course (stu
dents from Switzerland, Lebanon). Since we were aware of the script com
plexity, we provided teams with a graphical representation of the script and 
offered a close follow-up by teaching assistants, but nonetheless the students 
- and even some tutors - did not manage to construct a clear internal script. 
The interaction patterns drifted away from the external script. 

The third congruence factor, granularity, refers to the time scale (dura
tion of each phase) and the grain size of phases (subtasks) definition. For 
instance, the Studio script included a "programming" phase that lasted four 
weeks, the whole script running over the academic year, while the Argue
Graph script ran over four hours with phases ranging from 5 to 100 minutes. 
At the lower end, finest grain scripts reach the utterance level, i.e., specify 
the authorized dialogue moves at the next utterance. Fine grained scripts 
tend to be more coercitive. The gap between the external script and emergent 
interaction patterns may increase if there is a mismatch between the natural 
granularity of the task and the granularity enforced by the script. A mismatch 
could occur if the questions in ArgueGraph or the concepts in the Concept-
Grid were too specific to capture the key differences between the theories 
under scrutiny. Another mismatch would occur if the Studio script structured 
a design phase as a sequence of questions while designers would address 
these questions in parallel. 

The fourth congruence idiCXox, fitness, is important for scripts that specify 
a distribution of roles among group members. For instance, one group mem
ber is asked to be leader or coordinator while another one is in charge of 
taking notes. The interaction patterns depend on the good match between the 
role requirements and the group members' skills or profiles. Fitness inspired 
various jokes such as "If the French member is in charge of cooking and the 
German one in charge of organization... (high fitness), but, if it is the other 
way around..." Low fitness is detrimental to role adoption and role adher
ence (students do not stick to the roles very long). Fitness inherits from 
transactive memory (Moreland, 1999), that is the representation that each 
group member has of the skills of the others: what matters is not only that 
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team members are able to play their role but also that their team mates be
lieve they are able to play that role. We did not encounter fitness problems in 
the ConceptGrid, for instance cases where one student would not manage to 
play "Skinner" for personal reasons. The fact they choose the roles them
selves probably increases fitness. The fitness question is a greater concern in 
project-oriented scripts that select one student as team leader. 

3.3 Granularity: Macro versus micro-scripting 

We introduced the notion of script granularity as a continuous variable. 
There is however a qualitative difference between macro and micro scripts. 
Let us illustrate these differences with scripts that aim at raising argumenta
tion. A micro-script scaffolds the interaction process per se: when learners 
state a hypothesis, the script will for instance prompt their peer to produce 
counter-evidence. A macro-script sets up pairs in which argumentation 
should occur, as in the ArgueGraph, by pairing students with opposite opin
ions. The micro-script reflects a psychological perspective, acting on the in
ternal script (scripting as a goal), while the macro-script reflects an educa
tional perspective, influencing the process more indirectly (scripting as a 
method). Micro and macro-scripts do not constitute clear-cut categories but 
rather define a continuum. Most examples described in this volume are on 
the "micro" side: in the work reported by King (this volume), by Lauer and 
Trahash (this volume), by Weinberger et al. (this volume), by Carmien et al. 
(this volume), the script includes prompts that directly scaffold interactions 
and is expected to be internalized as higher-order thinking skills (argumen
tation, problem solving or metacognition). The grain size is somewhat 
coarser in the scripts of Rummel and Spada (this volume), and Ertl et al. 
(this volume), where the script prompts episodes of interactions. The exam
ple presented by Kolodner (this volume) is, like our examples, on the macro 
side. Ayala (this volume), and Haake and Pfister (this volume) describe envi
ronments that articulate micro-scripts within phases of a macro-script. 

3.4 Integrated learning 

We use CSCL scripts for promoting a vision of e-learning that is broader 
than what the CSCL label may indicate. Our script examples are neither 
strictly collaborative, nor strictly computerized; they illustrate our integrated 
learning approach that we define with 3 features: 

• Despite the first C in CSCL, there is no reason to restrict CSCL scripts to 
distance interactions. ArgueGraph and ConceptGrid scripts have mostly 
been used in a situation where stxidents were co-present. UniverSante 
used distant interactions, since geographical diversity was the key princi-
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pie, but still included key face-to-face discussion (one per country). 
Computers are justified by other reasons than simply connecting distant 
learners (see section 4). Integrated learning differs from the so-called 
'blended learning', which is often the mere juxtaposition of face-to-face 
and computer-mediated activities. Integrated learning scripts articulate 
activities which are on-line or not, in front of a computer or not, occur
ring across a variety of places (classroom, lab, field trip, home, work . . . ) . 
The rapid transition between activities with or without computers is fa
cilitated by lighter/mobile hardware. Integration is pedagogical but also 
functional: scripts support data flow between multiple activities (see 7.4). 
For instance, in the ArgueGraph, the individual answers (phase 1) are 
used to form pairs (phase 2) and the pairs' answers and arguments are 
collected for the debriefing (phase 4). 

• Despite the second C in CSCL, there is no reason why collaborative 
learning should be treated as an exclusive pedagogical approach. Instead, 
group activities gain from being integrated with other classroom activi
ties. Scripts may include individual work (e.g., writing a synthesis, read
ing a paper,...) and/or class-wide activities (introductory lectures, de
briefing, . . .) . In ArgueGraph, phases 1 (answering the quiz) and 5 (writ
ing a summary) are individual while phases 2 (observing the graph) and 4 
(debriefing) are done with the whole class. In the ConceptGrid, phase 3 is 
individual (reading papers and writing concept definitions) while phase 5 
(debriefing) is at the class level. The designers' challenge is to integrate 
these diverse activities within one consistent script. 

• Last but not least, the illustrated scripts maintain the teacher in his lead
ing role. He or she is not properly teaching but is active and salient as the 
chef d'orchestre of the whole script: he or she may shorten a phase, 
regulate groups, give feedback, etc. We therefore should be concerned by 
the script flexibility, i.e., the possibility for the teacher to modify the 
script on the fly (see section 4). 

These features define what we refer to as integrated learning, a peda
gogical approach that is broader than the approach indicated by the terms 
collaborative and computer in CSCL. However, the breadth of this concept 
may weaken the identity of a script. Are scripts just a trendy word to refer to 
lesson plans? No! CSCL scripts are instructional sequences in which peer 
interactions are targeted to be the core learning mechanism. Therefore our 
design model distinguishes the core script, which governs collaborative in
teractions, from the didactic envelope, that encloses the core activities into 
other activities, forming the integrated learning approach. 
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4. BENEFITS AND RISKS IN COMPUTERIZED 
SCRIPTS 

This volume concerns scripts in computerized environments. What is the 
added value that technology brings to the use of scripts? What are the draw
backs? We start with the advantages: 

• Connecting: When scripts include remote activities, technology is simply 
the communication tool. 

• Sharing: Computers provide a space for sharing products, allowing teams 
to get inspired by what other teams produce, as in the Studio script. This 
simple feature is important, as long as plagiarism can be controlled. 

• Management: Computerized scripts off-load teachers from some logistics 
duties such as time management (reminding deadlines, ...) and informa
tion flows (e.g., distributing data to different group members). 

• Reification: Computerized scripts provide students with a concrete repre
sentation of the external script, which is dynamically updated. 

• Scaffolding: Computerized scripts offer opportunities for shaping 
communication with semi-structured communication interfaces and dia
logue grammars or both (as illustrated by Runde et al, this volume). 

• Traceability: Computerized scripts enable recording interactions and out
puts, which, despite privacy concerns, enable teachers to analyze and 
regulate teamwork and enable students to reflect upon previous steps. 

• Adaptivity: Computerized scripts enable dynamically generated events 
that would be harder to create without computers, such as, in the Argue-
Graph, fmding peers with most opposite opinions. Real-time adaptations 
can be improved by real time analysis of interactions among peers (e.g., 
Soller, Martinez, Jermann, and Muehlenbrock, 2005). 

Among the drawbacks of computerized scripts, we find the general dis
advantages of computer-mediated communication versus face-to-face com
munication. It is not the place here to review them (see Bromme, Hesse, & 
Spada, 2005). With integrated scripts, these drawbacks are compensated by 
face-to-face situations (see 3.4). 

A key problem is the loss of flexibility. Good teachers adapt their plans 
on the fly, while a computerized script can hardly be modified in real time. 
Of course, the very idea of a script implies a decrease of flexibility: a script 
aims at structuring group processes, which requires some rigidity. However, 
implementing the script often generates constraints that are not part of the 
pedagogical intentions. Designers have to disentangle the flexibility loss in
herent to the pedagogical intentions from the flexibility loss that is an unde-
sired effect of translating the script idea into a computer program (Dillen-
bourg & Tchounikine, accepted). 
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Another risk is what we called over-scripting (Dillenbourg, 2002), i.e., 
situations that constrain natural collaboration in a way that makes it sterile, 
inhibiting the natural peer interaction mechanisms. Factors of over-scripting 
are: 

• Disturbing natural interactions. If a learner wants to express A while the 
CSCL system only offers means for interactions B or C, either the learner 
will fail to say what he wanted to say or he will pervert the system (e.g., 
re-purpose B to say A). If similar breakdowns occur frequently, they may 
spoil the collaboration process. This risk concerns scripts that cumulate a 
high degree of granularity and a high degree of coercion. 

• Disturbing natural problem solving processes. A script usually segments 
a global task into a sequence of activities. In our Studio script, this seg
mentation was a problem for students who had a holistic approach of 
courseware design. The script proposed an approach that was very linear. 
Some students rejected this artificial linearization. Our Grid script also 
introduces coercion with respect to the task: it is easier to draw a free 
concept map than to arrange concepts on a two dimensional grid. To 
some degree, coercion may become incompatible with the students' cog
nitive processes. Overscripting may then make the task so hard that it 
spoils the students' motivation. 

• Increasing cognitive load. Complex scripts may interfere with the main 
learning process by augmenting the learners' cognitive load. The extra
neous load comes from the necessity to understand, memorize and exe
cute the script. However, an alternative hypothesis is that scripts reduce 
cognitive load by partly offloading interaction management (Dillenbourg 
& Betrancourt, 2006). 

• "Didactising" collaborative interactions. Collaborative problem solving 
triggers natural interactions. A peer asks a question because he wants to 
know the answer, while a teacher usually asks questions which he already 
knows the answer to. Peers negotiate a concept when they disagree on 
interpreting the phenomenon they jointly observed while teachers discuss 
concepts for which they own the right definition. A danger of "didacti-
cised" interactions is to miss the engagement that is expected from 
genuine collaboration. 

• Goalless interactions. Collaboration is driven by a shared goal. Scripts 
being quite didactic, they may prevent students from adopting the script 
goals as their own goals. The more the scripts segment collaboration into 
subprocesses, the more it seems difficult for team members to forget the 
didactic nature of the script. 

Pitfalls are numerous; scripts need to be thoughtfully designed. The rest 
of this chapter investigates the design of CSCL scripts. 
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5. THE STRUCTURE OF SCRIPTS 

Integrated learning scripts include a kernel, the core script, and a set of 
pre- and post-structuring activities, the didactic envelope. The core script is 
the collaborative activity in which the interactions that the script is intended 
to trigger should appear. In the ArgueGraph script, the core activity is the 
formation of conflicting pairs and argumentation triggered for answering the 
questionnaire together (Phase 4). In the ConceptGrid script, the core activity 
is the distribution of knowledge and the mutual explanation process neces
sary to build the grid (Phase 4). In the UniverSante script, the core activity is 
when students must identify similarities and dissimilarities between the ways 
different national health systems cope with the same medical issue. The core 
script defines how the knowledge or task is distributed over the group mem
bers. We therefore borrow the distributed cognition model as explained in 
section 6. 

The didactic envelope encloses the core script with other activities that 
contribute to the script consistency. Pre-structuring activities provide the 
conditions necessary to make the core script activities work well: introduc
tory lectures, readings, exercises to activate pre-requisite skills, metaphors, 
etc. They namely enable students to play their role in the script. Post-struc
turing activities include debriefing activities such as the comparison of mul
tiple solutions, synthesis lectures or readings, summary writing, etc. These 
are mostly reflective activities, aimed at turning group experience into 
knowledge. The activities in the envelope make the difference between col
laborative learning in a restricted meaning and integrated learning, as ex
plained in section 3.4. 

The envelope has two salient features, its temporal structure and its social 
structure. A clear time structure differentiates scripts from free collaboration: 
scripts define a sequence of phases and in many cases these phases are lim
ited in time. The rationale for setting up a semi-rigid time frame is threefold: 

• Time management is a critical factor in everyday educational practice, 
for both teachers and learners. It is even more important for web-based 
activities taking place outside the time habits that exist in schools. 

• The time structure facilitates teacher regulation by providing him or her 
with an easy way to follow the teams' progress. 

• The time structure makes the task distribution more salient, especially 
since deadlines define clear boundaries between consecutive subtasks. 
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Figure 16-4. Structure of the 'ConceptGrid' script, time is represented horizontally and the 
social structure vertically. 

The second dimension of integrated learning scripts is their social struc
ture: activities occur at different social planes. Vygostky (1978) discrimi
nated three planes: the intra-psychological plane, the inter-psychological 
plane and the social plane. The intra-psychological plane is individual. The 
difference between the inter-psychological and the social plane is not clear-
cut, group size is a continuous variable, but there is a cognitive threshold: 
group activities occur at the inter-psychological plane as long as team mem
bers maintain some representation of their teammates' cognition; the social 
plane is the level where individual representations disappear behind the cul
ture that the community members jointly constructed. If we relate these psy
chological levels to CSCL environments, we usually observe five levels of 
activity: 

• Individual Plane: Solo activities. 
• Group Plane: Activities in small groups ranging from two to, let's say, 

eight people. This is where proper collaboration occurs. 
• Class Plane: Activities involving all students enrolled in the same course. 

We also refer to them as collective activities. 
• Community Plane: Activities that involve external but identified actors 

such as other classes, expert groups, families. For instance, when a class 
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from school X designs a mathematical challenge for all other classes in 
the community, this activity is at the community level. 

• World Plane: Activities that are accessible to unidentified actors, for in
stance when a class journal is produced on the web, the entire world may 
read it. If a survey is conducted via the web, any user may vote. 

What matters here is not to agree on the exact definition of the levels but 
to stress the fact that script activities define moves across multiple planes. 
Figure 16-4 illustrates the time by social structure of the script "Concept 
Grid". One could argue that activities always occur at multiple planes: indi
vidual cognition does not freeze during class interactions and culture does 
not stop shaping our thinking during individual work. Activities do occur in 
parallel on multiple planes, but their focus varies with time. 

The curved arrows on Figure 16-4 represent what we cdX\Q^ functional 
integration in section 3.4. Functional integration refers to dataflow between 
activities at different planes. The output of an activity Aj at social level N is 
later on reused by an activity Aj+i at social level M, in many cases, N being 
different from M. This dataflow may appear as a technical feature, but in fact 
it affords the design of innovative scripts by combining storing, processing, 
distributing and representing data during collaborative learning. These data 
are student productions (answers in the ArgueGraph, concept definitions in 
the ConceptGrid and deliverables in the Studio) and student interactions 
(e.g., their arguments in the UniverSante). We describe dataflow operators in 
section 7.4. 

6. THE SWISH MODEL 

How to design the core script activities? We propose a model, called 
SWISH, which borrows the distributed cognition vision, according to which 
a group of actors and the tools they use can be understood as a single cogni
tive system. The components of the system are the students who participate 
in the scripted teamwork as well as the tools and resources available. The 
script itself can be considered as a tool that shapes the functioning of the 
distributed system. 

The core script defines the organization of a distributed cognitive system 
i.e., which team member will perform which subtasks. We refer to subtasks 
in a generic way: they can be independent from each other, like in coopera
tive work, or tightly coupled, like when one peer has to regulate the other. 
Scripts often define roles that induce a somewhat natural distribution of 
work into subtasks. 

Why would we formalize task distribution while we aim to support col
laboration? A formal task division appears to be in contradiction with the 



292 Chapter 16 

close interactions expected in collaboration (Dillenbourg, 1999). Since col
laborative learning is often defined as the process of constructing and main
taining a shared understanding of the task (Roschelle & Teasley, 1995), it 
may sound counter-intuitive to split the task among different learners: this 
opens the door to misalignment of views, understandings and goals. To the 
same extent, scripts that foster conflict among peers would be detrimental to 
the construction of a joint solution. To bypass this counter-intuition, we rely 
on Schwartz' (1995) definition of collaborative learning as the effort neces
sary to build a shared understanding. Learning is the side effect of the cog
nitive processes triggered by the interactions (explanation, argumentation, 
mutual regulation, etc.) engaged to develop this shared understanding. 
Scripts that trouble a smooth collaboration increase the cognitive effort and 
hence are expected to augment the learning outcomes. In other words, 
learning results from over-compensating the drawbacks of task distribution. 

This principle is the base of our design model: "Split Where Interaction 
Should Happen*'. SWISH can be formulated in three points: 

1. Learning results from the interactions students engage in while construct
ing a shared understanding of the task despite the fact that the task is dis
tributed. 

2. Hence, the task distribution determines the nature of interactions. Interac
tions are mechanisms for overcoming task splits. 

3. Hence task splits can be, following some kind of reverse engineering, 
designed for triggering the interactions that the designer wants to foster: 
Split Where Interaction Should Happen. 

This model can be applied for describing the main script schemata, i.e., 
classes of scripts. We distinguish three basic schemata: 

• l\iQ jigsaw schema distributes the knowledge or information necessary to 
solve the task, either by forming pairs that have complementary knowl
edge (e.g., in UniverSante, students from different countries import 
knowledge of their national health system) or by providing them with 
complementary information (e.g., different readings in the ConceptGrid). 
Since none of the group members has enough information or knowledge 
to solve the task alone, they need to explain or justify their knowledge or 
contribution to others. For describing the ConceptGrid in SWISH terms, 
the split is performed by distributing information and it is compensated 
by explaining concepts to each other. 

• The conflict schema triggers argumentation among group members by 
forming pairs of students with conflicting opinions (e.g., ArgueGraph), 
by providing them with conflicting evidence or by asking them to play 
conflicting roles. For describing the ArgueGraph in SWISH terms, the 
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split is performed by finding peers with conflicting opinion and it is 
compensated by argumentation. 

• The reciprocal schema defines two roles in teams, one of the peers regu
lating the other and then switching roles. A well known example is the 
reciprocal teaching approach (Palincsar & Brown, 1984). For describing 
the reciprocal tutoring script in SWISH terms, the split is performed hori
zontally, between cognitive and metacognitive layers of the task and is 
compensated by mutual regulation. Since the cognitive and metacogni
tive subprocesses need to remain tightly coupled, the only way to build a 
shared solution is that peers continuously engage in mutual regulation 
interactions. 

7, GENERALIZING SCRIPTS 

As any pedagogical method, scripts raise hopes of generalization: can we 
reuse these scripts to teach a large variety of contents? The ArgueGraph 
script can be used for different subject matters but is only relevant in do
mains where key notions can be argued about. The ConceptGrid script can 
be generalized to many conceptual sets, but not all conceptual domains can 
be segmented as in the grid. The UniverSante was very specific to the con
tent to be taught, public health: using national differences is a natural way to 
let students discover the variety of societal answers to a similar medical 
problem. The Studio script can be generalized to a variety of design proc
esses but with the constraint that this design process should be rather linear. 

Generalisability is not bound by classical scientific boundaries (e.g., a 
script would be good for mathematics but not for social sciences) but by the 
specific learning objectives (ArgueGraph could be used in mathematics if 
students argue to choose among three ways to compute a value). In other 
words, there is definitely a potential of generalisability; a script is not uni
versally relevant but can be reused in various domains. 

7.1 Descriptive model 

Scripts can be defined as variations of a generic template with a limited 
set of attributes. Most scripts can be defined with a limited number of com
ponents (groups, participants, roles, activities and resources) and mecha
nisms that capture the dynamics of scripts, i.e., how individual learners are 
distributed over groups (group formation), how roles, activities or resources 
are distributed over participants (component distribution) and how both 
components are distributed over time (sequencing) (Kobbe, Weinberger, 
Dillenbourg, Harrer, Hamalainen, & Fischer, submitted). 
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This simple description scheme could be translated within an educational 
modeling language (EML). These languages propose a well-structured ter
minology for describing instructional sequences. They do constitute a step 
forward compared to the content-centric approach of the educational meta
data initiatives. However, they do not constitute a design model; they pro
vide a description of the scripts but fail to capture the core idea of a script. A 
design model should describe the mechanisms by which the script is ex
pected to generate learning. IMS Learning Design• could be expanded to 
model the core script, but groups are not defined explicitly but indirectly by 
assigning roles. This prevents for instance building a jigsaw script where 
team members have different roles within each team, or a reciprocal teaching 
script where roles rotate among group members at each script phase. The 
social structure of a script should be explicitly represented in the model. 

Instead of producing yet another pedagogically neutral authoring lan
guage, we deliberately aim for a non-neutral model, i.e., a modeling scheme 
that conveys specific pedagogical ideas. This is the condition to produce 
scripts that differ from genuine lesson plans. Therefore, instead of looking 
for a highly abstract modeling scheme, we identify classes of similar scripts 
and infer their core idea, their identity. 

7.2 Script schemata 

Despite the diversity of scripts, there are recurrent patterns. We called 
them schemata instead of patterns to avoid confusions with the term design 
pattern, which has a more technical meaning in software engineering. A 
schema simply indicates commonalities among scripts, independently from 
the algorithms used by the CSCL environments to support these scripts. For 
instance, scripts that belong to the jigsaw schema have in common to dis
tribute the necessary information among team members. Schemata are more 
abstract than programming structures, but if we translate them into software 
components, we could design tools that reduce the computational burden of 
CSCL script construction. 

In section 6, we described three types of script schemata, the jigsaw 
schema, the conflict schema and the reciprocal schema. Other methods for 
group-based learning can also be described as script schemata: 

• The project schema defines phases of a project, roles among teams (mod
erator, leader, writer, ...) and a calendar of intermediate deliverables. 
These scripts vary in coercion: does each team work on the same project; 
are they free to define the phases of their work and the calendar. The fo
cus is often put on the regulation of project work. 

' http://www.imsglobal.org/learningdesign 
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• Problem-based learning (Koschmann, Kelson, Feltovich, & Barrows, 
1996) covers a variety of scripts that, despite differences, include similar 
phases: analysing the problem, defining learning objectives, acquiring the 
necessary knov^ledge and solving the problem collectively. 

• The science making schema includes scripts in which team work is struc
tured into a sequence of phases that drive learners through the scientific 
process of knowledge construction, as researchers are supposed to do. 
One example for these schemata is inquiry based learning (Hakkarainen 
& Sintonen, 2002). 

We stress the fact that these schemata are not recipes for collaborative 
learning. They provide a general structure but the art of design is to apply 
this structure to the specific learning objectives, the peculiarities of the target 
audience and the specific content. 

7.3 Generalization hierarchy 

The ConceptGrid is a subclass of jigsaw schema. We could reuse the 
same script but replacing the Cartesian grid used in Phase 4 by a graphical 
concept map. The diversity of links between concepts that is offered in a 
concept map might be more appropriate to complex semantic fields. This 
new script, let's call it ConceptGraph, and the ConceptGrid are two sub
classes of a higher script class, let's call it ConceptStructure. 

In the ArgueGraph, a subclass of the argumentation schema, pairs are 
formed on the basis of their distance on the graph. The distance is computed 
by associating an X- and Y- value to each answer. These values are not 
computed in a scientific way, they are arbitrarily fixed by the designer. Their 
interest is to provide positions on the map with a semantic value. To avoid 
this arbitrary value allocation, one could use an algorithm that forms pairs of 
students with the lowest number of common answers. Let's call this new 
script ArgueList and their super-class ArgueFromQuizz. In another version, 
rather than using a chat or face-to-face discussion, we could have students 
argue with a semi-structured communication interface such as Belvedere 
(Suthersetal, 2001). 
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SWISH Model 

Conflict Schema Reciprocal SQh^ma Jigsaw Schema 

.C'^ 

ArgueFromQuizz ConceptStructure 

Argue List ConceptGrid ConceptGraph 

ArgueGraph ArgueBelvedere 

ArgueGraph on 
learning theories 

ArgueGraph on 
learning theories -
Session 356 

ConceptGrid on 
learning theories -
Session 453 

Figure 16-5. Generalization hierarchy for CSCL scripts. 

Figure 16-5 represents the hierarchy of generalization. We arbitrarily dis
criminate four levels: 

• Schemata describe the core mechanism of a large set of scripts. 
• Script classes and subclasses define scripts, including their didactic enve

lope, independently from a specific content. 
• Instances are scripts that have been instantiated with a specific content. 
• Sessions are scripts instances with the student-specific data (users per 

groups, deliverables, ...), dates, etc. 

This hierarchy is not a proper tree: A script may borrow ideas from sev
eral schemata. The UniverSante script for instance plays with both the com
plementarity (Jigsaw schema) and the conflicts among students knowledge. 
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One could argue that this tree-Hke representation is not appropriate. For in
stance, in the ArgueFromQuizz family (a subgraph), the mode of pair for
mation (Phase 2; graph distance versus common answers) is independent 
from the mode of argumentation (Phase 4: free versus semi-structured dia
logues). Each of the pair formation modes could be combined with each of 
the argumentation modes. A script grammar, combined with these different 
modes as vocabulary, would be more powerful for describing all possible 
combinations. However, syntax may not carry semantics. A combinatorial 
approach may lead to assemble script elements into something that does not 
constitute a script, i.e., a sequence of events that will not trigger specific in
teractions. Script classes make the design space discrete, which is a simplifi
cation, but enables to convey the design rationale. 

7.4 Executable model 

As pointed out by Kobbe et al (submitted), a script can be defined as a 
number of mechanisms that manipulate a set of script components (roles, 
activities,...). Some of these components are intrinsic to the script class (e.g., 
the grid structure of ConceptGrid; some prompts in ArgueGraph), some ob
jects are specific to the script instance (e.g., the questions included in an 
ArgueGraph on biology; the list of documents to read in a ConceptGrid on 
history) and some objects are specific to a script session (e.g., the definition 
produced by ConceptGrid students; the answers produced by ArgueGraph 
students). An executable model of script has to manipulate these objects, 
e.g., to allocate individuals to groups or roles to individuals, to gather an
swers within a group or conversely to distribute data among group members, 
etc. We expect these mechanisms to be formalized as the combination of a 
limited number of basic operators. 

Dataflow operators. Dataflow enables the design of dynamic CSCL 
scripts. The dataflow used in our scripts can be described by a small number 
of operators for moving up and down the planes of the social structure. The 
research in producing these operators should benefit from the advances on 
workflow technology, namely workflow standards such as WFXMLl 

• Upward operators are aggregate, list, differentiate, etc. They collect data 
at a social plane and turn them into a data structure at higher social plane. 
The type of processing depends on the nature of data. If data are struc
tured in a table with social planes (individuals, groups, ...) in rows and 
task outputs in columns, we can define simple operators. The aggrega
tion operator collapses columns, e.g., computes a value (sum, mean, ...) 
for all individuals. The differentiation operator collapses columns (data) 

2 http://www.wfmc.org/standards/wfxml_demo.htm 
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for each user. It is used in the ArgueGraph, where the answers to the 10 
questions are summarized into a [X Y] pair for each individual in order to 
plot them on the graph. When data are too complex to be turned into a 
single value, they can simply be listed as it is the case in the Studio script 
{list operator). 

• Downward operators distribute an object among members of the lower 
social plane. For instance, in the ConceptGrid, each group of four stu
dents (social plane 2) is associated with four roles and 12 readings. A 
downward operator would distribute the roles and readings to each team 
members (social plane 1). As for aggregation, the simplest operator is 
non-transformational: it distributes the same object O from plane N to all 
members at plane N-1. 

Social operators. Other operators transform the structure of the groups 
either by reallocating roles within a group (role rotation) or by moving indi
viduals between groups (group rotation). 

• The role rotation operator redistributes the roles (subtasks) among group 
members at different phases. Role rotation reinforces the distributed sys
tem model that underlies the SWISH model. A set of interrelated compo
nents can be depicted as "a system" if it is capable of plasticity, i.e., to re
allocate dynamically subtasks to different subcomponents. The rotation 
operator enforces this plasticity. 

• The group rotation operator redistributes individuals among teams. It is 
applied in scripts where individuals are member of two groups, namely in 
Jigsaw scripts, where an individual sometimes works with his or her team 
but sometimes works with the individuals that have the same role in other 
teams. 

• The group formation operators determine how groups are formed from 
individuals: it relies on the difference of opinions in ArgueGraph and the 
complementary of knowledge in Hoppe and Ploetzner's (1999) scripts. 

These few examples of operators stress both the usefulness and the com
plexity of developing abstract mechanisms that would apply to a variety of 
script domains. 

8. SYNTHESIS 

The SWISH model can be explained simply. First, one introduces a per
turbation in a distributed system, by splitting it. Second, the system triggers 
repair mechanisms for reducing the perturbation. These repair mechanisms -
hopefully - are knowledge-intensive interactions that produce learning. 
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Learning is therefore the result of over-compensating the drawback of task 
splits. 

However, this model only holds if the group has both the ability and the 
will to compensate task splits. In some cases, solving conflicts, explaining 
complex concepts or regulating bad problem solvers may be beyond the 
skills of individuals. In other situations, the motivation to reach a shared un
derstanding may be insufficient. The SWISH model is only valid for tasks 
that require a high level of shared understanding. If students manage to solve 
the task without constructing a shared understanding, repairing the system 
will not be worth the effort. 

SWISH is not a cognitive model grounded in experimental results. We 
used these scripts with our own students, but only two of them have been 
formally assessed. However, no script could be proved to be generally effec
tive. We cannot establish the effectiveness of a script class in general since it 
depends on its relevance for specific learning objectives and target groups. 
Nonetheless, by describing CSCL scripts in a structured way, this chapter 
may help researchers to clarify the variables they investigate when running 
experimental studies. 

This framework contributes to design tools for authoring CSCL scripts. 
Most scripts are implemented in specific CSCL environments. Our script 
examples were implemented as dynamic web pages, generated with PHP 
programs from database contents (MySQL). Not all teachers can install a 
database and write PHP. Tools for authoring CSCL scripts aim at promoting 
practices of e-learning that are more innovative than those offered by exist
ing learning management systems. 

ACKNOWLEDGEMENTS 

This chapter benefited from the discussions within CoSSICLE a research 
group of KALEIDOSCOPE, a European Network of Excellence on "Concepts 
and methods for exploring the future of learning with digital technologies'', 
funded by the European Union and the Swiss Federal Office for Education 
and Science. This work is also partly funded by the Swiss Center for Inno
vation in Learning (SCIL; University of St Gallen, Switzerland). This chap
ter has been enriched by comments from Frank Fischer, Armin Weinberger, 
Karsten Stegmann, and the book reviewers. 



300 Chapter 16 

REFERENCES 

Berger, A., Moretti, R., Chastonay, P., Dillenbourg, P., Bchir, A., Baddoura, R., et al. (2001). 
Teaching community health by exploiting international socio-cultural and economical dif
ferences. In P, Dillenbourg, A. Eurelings, & K. Hakkarainen (Eds.). Proceedings of the 
first European Conference on Computer Supported Collaborative Learning (pp. 97-105). 
Maastricht. 

Bromme, R., Hesse, F., & Spada, H. (Eds.) (2005). Barriers and biases in computer-mediated 
knowledge communication. Computer-Supported Collaborative Learning Series. New 
York: Springer. 

Brousseau, G. (1998). Theorie des situations didactiques. Grenoble: La Pensee Sauvage. 
Dillenbourg P. (1999). What do you mean by collaborative learning? In P. Dillenbourg (Ed.), 

Collaborative-learning: Cognitive and computational approaches (pp. 1-19). Oxford: 
Elsevier. 

Dillenbourg, P., & Betrancourt, M. (2006). Collaboration Load. In J. Elen & R. E. Clark 
(Eds.), Handling complexity in learning environments: research and theory (pp. 142-163). 
Advances in Learning and Instruction Series, Pergamon 

Dillenbourg, P. (2002). Over-scripting CSCL: The risks of blending collaborative learning 
with instructional design. In P. A. Kirschner (Ed.), Three worlds of CSCL, Can we support 
CSCL (pp. 61-91). Heerlen: Open Universiteit Nederland. 

Dillenbourg, P., Baker, M., Blaye, A., & O'Malley, C. (1995). The evolution of research on 
collaborative learning. In H. Spada & P. Reimann (Eds.), Learning in humans and ma
chine: Towards an interdisciplinary learning science (pp. 189-211). Oxford: Elsevier. 

Dillenbourg, P., & Tchounikine, P. (in press). Flexibility in macro-scripts for CSCL. Journal 
of computer assisted learning. 

Engeli, M. (Ed.). (2001). Bits and spaces, architecture and computing for physical, digital, 
hybrid realms. Basel: Birkhauser Publishers. 

Hakkarainen, K., & Sintonen, M. (2002). The interrogative model of inquiry and computer-
supported collaborative learning. Science & Education. 11(1), 25-43. 

Harrer, A., Bollen, L., & Hoppe, U. (2004). Processing and transforming collaborative learn
ing protocols for learner's reflection and tutor's evaluation. In E. Gaudioso & L. Talavera 
(Eds.), Proceedings of the European Conference on Artificial Intelligence. Valencia. 

Hoppe, U. H., & Ploetzner, R. (1999). Can analytic models support learning in groups. In P. 
Dillenbourg (Ed.), Collaborative-learning: Cognitive and Computational Approaches 
(pp. 147-168). Oxford: Elsevier. 

Hutchins, E. (1995). How a cockpit remembers its speeds. Cognitive Science, 19, 265-288. 
Jermann, P., & Dillenbourg, P. (2003). Elaborating new arguments through a cscl scenario. In 

G. Andriessen, M. Baker, & D. Suthers. (Eds.), Arguing to learn: confronting cognitions 
in computer-supported collaborative learning environments. Computer-Supported Col
laborative Learning Series. Amsterdam: Kluwer. 

Kobbe, L., Weinberger, A., Dillenbourg, P., Harrer, A., Hamalainen, R., & Fischer, F. (sub
mitted). Specifying Computer-Supported Collaboration Scripts. 

Kollar, I., Fischer, F., & Hesse, F. W. (in press). Computer-supported collaboration scripts - a 
conceptual analysis. Educational Psychology Review. 

Koschmann, T., Kelson, A. C, Feltovich, P. J., & Barrows, H. S. (1996). Computer-supported 
problem-based learning: A principled approach to the use of computers in collaborative 
learning. In T. Koschmann (Ed.), CSCL: Theory and practice of an emerging paradigm. 
Mahwah, NJ: Lawrence Erlbaum Associates. 



16. Designing integrative scripts 301 

Lave J. (1991). Situating learning in communities of practice. In L. Resnick, J. Levine, & S. 
Teasley (Eds.), Perspectives on Socially Shared Cognition (pp. 63 - 84). Hyattsville, MD: 
American Psychological Association. 

Moreland, R. L. (1999). Transactive memory: Learning who knows what in work groups and 
organizations. In L. Thompson, D. Messick, & J. Levine (Eds.), Shared cognition in or
ganizations: The management of knowledge (pp. 3-31). Mahwah, NJ: Lawrence Erlbaum 
Associates. 

O'Donnell, A. M., & Dansereau, D. F. (1992). Scripted cooperation in student dyads: A 
method for analyzing and enhancing academic learning and performance. In R. Hertz-
Lazarowitz & N. Miller (Eds.), Interaction in cooperative groups: The theoretical anat
omy of group learning (pp. 120-141). London: Cambridge University Press. 

Palincsar A. S., & Brown A. L. (1984). Reciprocal teaching of comprehension-fostering and 
comprehension-monitoring activities. Cognition and Instruction, 7(2), 117-175. 

Roschelle, J., & Teasley S. D. (1995). The construction of shared knowledge in collaborative 
problem solving. In C. E. O'Malley (Ed.), Computer-supported collaborative learning. 
(pp. 69-197). Berlin: Springer-Verlag 

Salomon, G. (1993), No distribution without individual's cognition: a dynamic interactional 
view. In G. Salomon (Ed.), Distributed cognitions. Psychological and educational consid
erations (pp. 111-138). Cambridge, USA: Cambridge University Press. 

Schwartz, D. L. (1995). The emergence of abstract dyad representations in dyad problem 
solving. The Journal of the Learning Sciences, 4{'i), 321-354. 

Soller, A., Martinez, A., Jermann, P., & Muehlenbrock. M. (2005). From Mirroring to Guid
ing: A Review of State of the Art Technology for Supporting Collaborative Learning. In-
ternationalJournal of Artificial Intelligence in Education, 15, 261-290. 

Suthers, D., Connelly, J., Lesgold, A., Paolucci, M., Toth, E., Toth, J., et al. (2001). Repre
sentational and Advisory Guidance for Students Learning Scientific Inquiry. In K. D. & P. 
J. Feltovich (Eds.), Smart machines in education: The coming revolution in educational 
technology (pp. 7-35). Menlo Park, CA: AAAI/Mit Press. 

Vygotsky, L. S. (1978). Mind in society. The development of higher psychological processes. 
Cambridge, MA: Harvard University Press. 

Weinberger, A., Fischer, F., & Mandl, H. (2002). Fostering computer supported collaborative 
learning with cooperation scripts and scaffolds. In G. Stahl (Ed.), Computer support for 
collaborative learning: foundations for a CSCL community. Proceedings of the Interna
tional Conference on Computer Support for Collaborative Learning (CSCL) 2002 (pp. 
573-574). Hillsdale, NJ: Lawrence Erlbaum Associates. 



Chapter 17 

THE INTERPLAY OF INTERNAL AND 
EXTERNAL SCRIPTS 
A Distributed Cognition Perspective 

Stefan Carmien', Ingo Kollar^, Gerhard Fischer', and Frank Fischer^ 
^University of Colorado, Boulder; ^Knowledge Media Research Center, Tubingen 

Abstract: This chapter describes different script types that are involved when a person X 
is accompHshing a particular task Y. We refer to concepts and ideas from dis
tributed cognition theories. It is assumed that individuals are holding internal 
scripts that guide them in the way they process tasks they are faced with, and 
these internal scripts are standing in a complex relationship to the external 
scripts provided by an artifact or by other persons. Three factors are regarded 
as crucial in order to describe the accomplishment of a task, namely (a) the 
actual activity, (b) knowledge underlying the activity, and (c) the executive 
function, a (meta-)cognitive instance that is setting the goals for the task and 
controls the system's task accomplishment. For each of these three main fac
tors, several sub-categories are introduced, on which two script approaches are 
compared. The first approach represents the socio-technical environment 
Memory Aiding Prompting System (MAPS) designed to support individuals 
with cognitive disabilities in accomplishing everyday tasks with a focus on 
"tools for living". The second approach, the so-called collaborative argumen
tation script, represents a computer-supported collaborative inquiry learning 
environment to facilitate students' collaborative argumentation with a focus on 
"tools for learning". Implications of the comparison for the design of external 
scripts are derived and directions for future research are discussed. 

1. INTRODUCTION 

Research on scaffolding tools has often adopted a technology-centered 
approach. Typically, individuals are provided with a technological tool and 
asked to perform a specific task, followed by measuring task performance as 
a function of using the tool or not (Pea, 2004). The personal development of 
the individual as well as changes of the context as a function of the interac
tions between the individual and the tool (i.e., an individual facing a new 
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situation after having used a tool) are rarely subject to theorizing and re
search. Salomon (1990) described the latter instance as the effects with tools 
which stand in contrast to effects q/tools, meaning the cognitive residuals 
that an individual holds after having interacted with a tool. These cognitive 
residuals then describe "learning" in a deeper sense. The aims of developing 
a technological tool that can support an individual's accomplishment of a 
task can be both to invoke effects of and effects with. To understand how an 
individual accomplishes a task, it is necessary to take into account the differ
ent factors that contribute to task accomplishment. These factors are com
prised of the technological device, the target individual herself, as well as the 
context in which the individual uses a particular technology (cf Stahl, 2002). 
To conceptualize the complex interplay between these factors, we refer to 
the term script since it has been used in all three disciplines that can contrib
ute to solving this problem, namely psychology (Schank & Abelson, 1977), 
education (O'Donnell, 1999), and computer science (Ayala, this volume; 
Miao, Hoeksema, Hoppe, & Harrer, this volume). Although scripts are con
ceptualized differently in the three domains (see F. Fischer, Kollar, Mandl, 
& Haake, this volume), they share in common being seen as structures 
guiding sequences of activities. In other contexts, scripts are referred to as 
checklists (G. Fischer, Lemke, Mastaglio, & Morch, 1991). How these ap
proaches differ is in the question of where this guiding structure resides (in 
the mind of an individual vs. in the mind of the designer of an externally 
provided script vs. in the design of an artifact). The basic aim of this article 
is to articulate a perspective of an individual accomplishing a particular task 
as being guided by (a) the internal scripts individuals are holding with re
spect to the target activity, (b) the external scripts that are provided in the 
external surround of the actor(s), and (c) an interplay between those internal 
and external scripts. We are analyzing two scenarios: 

• In the first scenario, individuals with cognitive disabilities are provided 
with a Personal Digitial Assistant (PDA) prompting them in executing 
everyday tasks like taking the bus, which they would be unable to exe
cute without the tool (Carmien, 2006b). 

• In the second scenario, dyads of learners collaborating in a web-based 
inquiry learning environment are provided with a collaboration script 
guiding them in how to engage in argumentation (Kollar, F. Fischer, & 
Slotta, 2005), thereby getting learners to internalize parts of the collabo
ration script so that they can use the imposed strategy even when the 
collaboration script is not present. 

The chosen scenarios point to a distinction between tools for living and 
tools for learning (Carmien, 2005). Tools for living are external artifacts that 
empower human beings to do things that they could not do by themselves 
without that individuals are required to internalize the knowledge residing in 
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these artifacts (Engelbart, 1995; Norman, 1993); they support distributed 
cognition or distributed intelligence (Pea, 1993), i.e., they serve as artifacts 
that augment a person's capabilities within a specific task for which an in
ternalization is not required or aimed at (e.g., a hand-held calculator). Tools 
for living can be tailored to specific tasks and to specific individuals. Tools 
for living do not change over time, remain a constant factor during task ac
complishment and are rarely abandoned (Carmien, 2005). In contrast, tools 
for learning support people in learning a new skill or strategy with the ob
jective that they will eventually become independent of the tool. Tools for 
learning often serve a scaffolding function (Pea, 2004) meaning that the 
strategy that is represented in the tool should be gradually internalized by the 
learners. 

2. SCRIPTS FROM A DISTRIBUTED COGNITION 
PERSPECTIVE 

In most traditional approaches, cognition has been seen as existing solely 
inside a person's head, and studies on cognition have often disregarded the 
physical and social surroundings in which cognition takes place. Gregory 
Bateson remarked that memory is half in the head and half in the world 
(Bateson, 1972). We live in a world of distributed cognition (Salomon, 
1993; Hollan, Hutchins, & Kirsch, 2001; G. Fischer, 2003; Pea, 2004): the 
shopping list that "remembers" for us, the speedometer on our car, the posi
tion of the toggle on our light switch. 

In his person-plus-siirroitnd conception, Perkins (1993) adopts a sys
temic view on cognition that goes beyond the individual actor: A system 
engaging in cognition usually consists of an individual (person-solo) and his 
immediate physical and social surround. This surround might include tools 
(such as hand-held calculators, spelling correctors, prompting systems, 
Mathematica software) as well as other persons (person-plus-surround), and 
the person-solo and its surround are standing in a complex interplay. To per
form a task, it matters less where the needed knowledge is represented -
what counts are the access characteristics of that knowledge, i.e., how easily 
the system consisting of a learner and the immediate social and artifactual 
surround can access the relevant knowledge. For example, a person might 
consider a hand-held calculator as harboring the necessary knowledge to 
compute 3532*32131, and estimate that using the hand calculator requires 
less effort than calculating mentally. A system can further be characterized 
as dependent on which of its components has the executive function with 
respect to the task being accomplished. By executive function, Perkins 
(1993) means the (meta-)cognitive control over the system's actions. For 
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example, a French language book can take over the executive function for 
the system consisting of an individual learner and the book when it includes 
orders like "conjugate 'aller'". According to Perkins, transferring knowledge 
to an external tool is adequate if the tool only performs routine tasks that 
cost too much to internalize (e.g., some mathematical calculations). Higher-
order knowledge (e.g., knowledge about argumentation), as opposed to 
knowledge about routine tasks, should however reside in the person-solo (or 
be internalized by the person-solo), and not be transferred to the surround in 
order to give the individual the opportunity to internalize this knowledge and 
to be able to transfer this knowledge to different upcoming situations. The 
person-solo should be able to access this knowledge in situations in which an 
external tool is not present, i.e., to hold accessibility of the relevant knowl
edge as high as possible for different situations. 

To describe situations in which an individual together with an external 
artifact accomplishes a particular task, scripts in various forms come into 
play. Instructional psychology (e.g., O'Donnell & Dansereau, 1992) uses the 
term script to describe instructions providing individuals (mostly members 
of a group) with procedural information with respect to performing a specific 
task (e.g., a manual for creating a table in WORD). These scripts can for ex
ample be represented graphically in a computer-based learning environment 
or can be given by a teacher's oral instructions. Scripts are - at least when 
they are presented for the first time - located in the external surround of the 
individual, aiming at improving an individual's (or a group's) performance 
with respect to a specific task. Considering the term as used in cognitive 
psychology (Schank & Abelson, 1977), scripts can be seen from a person-
solo perspective as well: Most people already possess knowledge guiding 
them how to act in specific situations and in performing a specific task be
fore actually performing it. For example, to use a PDA properly, one needs 
to have prior experiences concerning how to scroll down a menu, open files, 
etc. In the following, we elaborate in depth the importance of scripts for an 
individual performing a particular task, first talking about scripts residing in 
the person-solo (internal scripts), then about scripts residing in the person-
solo's surround (external scripts) and finally provide thoughts about their 
interplay. 

2.1 Scripts residing in the person-solo: Internal scripts 

From a person-solo perspective, the term script describes the knowledge 
and strategies that an individual possesses and which guides actions and un
derstanding in a specific situation (see Kolodner, this volume). In cognitive 
psychology, "a script is a structure that describes appropriate sequences of 
events in a particular context. A script is made up of slots and requirements 
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about what can fill those slots. The structure is an interconnected whole, and 
what is in one slot affects what can be in another" (Schank & Abelson, 1977, 
p. 41). Schank and Abelson (as well as Schank, 1999) use the term predomi
nately with respect to rather well-defined situations, the knowledge about 
which is acquired through repeated experiences with similar situations and 
which can be assumed as being culturally shared to a certain extent (e.g., a 
"restaurant script"). However, they also introduced personal scripts, mean
ing personal knowledge and strategies that guide an actor in acting in a 
situation that perhaps only herself interprets in this specific way and which is 
not culturally shared. For example, person A might possess knowledge of 
how to attack other arguments by creating counterarguments, whereas per
son B holds knowledge guiding her in finding an integration of different 
viewpoints. Such personal scripts can be highly flexible - experiencing an 
impasse can quickly trigger a change in the sequence of the personal script 
so that a different sequence gets instantiated. 

Referring to Schank and Abelson's (1977) notion of personal scripts, in
dividuals may hold scripts for many situations they have experienced before. 
In our view, a script can be more or less flexible, well- or ill-defined de
pending on at least three conditions: (a) the stability of the previous experi
ences collected in similar previous situations, (b) the individual's abilities to 
abstract and generalize from these specific situations to similar new ones, 
and (c) the degree of structuredness or openness of the particular situation to 
rather situated actions and reactions. There can occur problems with an indi
vidual's internal scripts. First, internal scripts might not yet be well devel
oped because the individual did not go through a specific situation often 
enough to develop an internal script already solid enough to prescribe a defi
nite sequence of activities. This might be true for a middle school student 
who just started to learn algebra and has not yet developed an internal script 
concerning how to solve equations with two unknowns. Second, an internal 
script might not be adequately activated, perhaps because a person is per
forming two tasks simultaneously ending up with two scripts competing for 
too limited cognitive capacity. A third problem occurs when internal scripts 
are inaccessible or no longer accessible at all, as might be the case for people 
having had an accident that resulted in severe brain injury. In that case, in
ternal scripts, for example for using public transportation, might not be ac
cessible any more and can provide an opportunity for an external device de
signed to support an accomplishment of this task. A fourth problem could be 
that an internal script can be activated that does not fit current realities, for 
example a person with cognitive disabilities having activated the "board the 
express bus"-script but arriving at a bus stop that serves only local busses or 
a student creating a summary of a text when the actual task is to discuss 
strengths and weaknesses of the text. Fifth, in a collaborative learning see-
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nario, collaborators might have activated inadequate or maybe too heteroge
neous internal scripts which hamper interaction, collaboration, and in the end 
learning. For example, when learners have the task of understanding the 
concepts of velocity and gravity by manipulating a computer model of a ball 
(similar to the task that was used by Roschelle & Teasley, 1996), one learner 
might have activated a trial-and-error-like internal script, whereas the other 
learner might have activated an internal script that guides her in thinking 
about the concepts in a more theoretical sense. 

Depending on the nature of the misfit of an internal script with respect to 
the external task, whatever of the five problems just described might have 
caused it, technology can help to provide external scripts to complement 
those deficient or inadequate internal ones. 

2.2 Scripts residing in an individual's surround: Exter
nal scripts 

In contrast to cognitive psychology (Schank & Abelson, 1977), instruc
tional psychology (O'Donnell & Dansereau, 1992) as well as computer sci
ence (Ayala, this volume; Carmien, 2006b) use the term script to describe 
guidelines in the surround of an individual or a group of individuals that 
provide procedural support for accomplishing a specific task or a class of 
tasks. External scripts can take on very different forms, i.e., they can be rep
resented in very different styles and provide affordances for desired actions 
and constraints for undesired actions, and they can do so in an explicit or a 
more implicit manner (see Kollar, F. Fischer, & Hesse, in press). This broad 
definition allows us to discuss very different kinds of external scripts. We 
differentiate between scripts that are tools for living, i.e., scripts that were 
developed to help people in accomplishing everyday tasks like "riding a 
train", and scripts that are tools for learning that aim at encouraging learning 
processes on behalf of the users (Carmien, 2005). Using Perkins' (1993) 
terms, the main difference between these two approaches can be seen in the 
question whether the l<jiowledge under consideration in these scripts is to be 
internalized by the learners or not. If this is the case, we are talking about a 
tool for learning, if not, the tool under consideration represents a tool for 
living. 

In instructional psychology, much effort has been taken to develop 
scripts that are tools for learning. There, external scripts often provide rather 
clear procedural guidance. In the classical approach from O'Donnell and 
Dansereau (1992), for example, the script specifies that at first collaborators 
have to study a text individually, then one learning partner is playing the 
recaller while the other one adopts the role of a monitor pointing to omis
sions and mistakes in the recaller's summary, etc. Scripts can be viewed as 
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inducing specific activities, which are to be shown in a certain sequence and 
which can be bound to certain roles. External scripts do not always have to 
be as constraint-based or prescriptive as the script developed by O'Donnell 
and Dansereau (1992). Other scripts rather provide affordances (Norman, 
1993) for particular activities to be carried out by an individual without 
explicitly stating "Now do X", thereby being more permissive in nature. For 
example, scripts in inquiry-based learning environments tend to be rather 
open in that they afford very different activities to be conducted by the 
learners. Learners can engage in exploring information, in conducting ex
periments, in manipulating simulations, etc. What activities and what se
quences of activities a learner is realizing depends on the structure of his 
internal script. It is this interplay between externally present or induced 
scripts and the individuals' internal scripts that is of interest in the next sec
tion. 

2.3 Scripts in the person-plus-surround system: Interac
tion between internal and external scripts 

We claim (1) that the design of an external script must take into account 
the internal scripts of the individuals that will be utilized to accomplish a 
specific task and (2) that it is not adequate to regard the interplay of internal 
and external scripts as a static relationship. Different individuals hold differ
ent internal scripts that can be complemented only by different external 
scripts, and in the case of scripts that are tools for learning, portions of the 
external script become more and more internalized by individuals, becoming 
encoded in their internal script with respect to perform a specific task. In the 
case of individuals with cognitive disabilities the internal scripts (innate 
abilities and skills) differ from the internal scripts of non-handicapped indi
viduals in both content detail and in how to be best triggered externally. In 
the second, collaborative argumentation scenario we present later, two learn
ers holding low-level internal scripts about how to engage in collaborative 
argumentation are guided by an external collaboration script to debate about 
the contents of a web-based collaborative inquiry learning environment. 
From a systemic perspective, the learners together with the external collabo
ration script form a person(s)-plus-system. As both learners repeatedly fol
low the rules of the external collaboration script, they might develop a more 
sophisticated internal script on how to perform this task. The executive 
function may shift gradually from the external collaboration script to the 
learners' personal cognitive systems, resulting in the artifact (the external 
collaboration script) becoming less and less important and learners being 
enabled to engage in fruitful discussions without being guided by an external 
collaboration script. Another perspective on the changing relationship of in-
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temal and external scripts and task support, is to acknowledge the changing 
environment and affordances that are available in pursuing the goal. As 
Suchman (1987) pointed out, the scripts required to attain the desired goal 
must change as the abilities and the environment change, and thus the exter
nal scripts must adapt to differing situations. 

In the cognitive disabilities scenario, individuals lack the ability to detect 
similarities between a situation, in which an external script once helped and 
a similar new situation. Then, there is no opportunity to internalize contents 
from the external script, and no gradual shift of script information from the 
surround to the person-solo can occur. As a consequence, the external script 
has to remain active (e.g., can not be faded out) and accessible over time to 
support individuals in accomplishing the task again and again. 

3. ANALYZING SCRIPTS FROM A DISTRIBUTED 
COGNITION PERSPECTIVE 

We saw that different script types contribute to an individual accom
plishing a specific task. However, a more systematic analysis of internal and 
external scripts and their interplay is needed. This analysis should focus on 
the different conceptual components scripts are made up of and try to deline
ate the interrelations between these components within and between internal 
and external scripts. Therefore, in this section we aim to extract the compo
nents of both internal and external scripts that are relevant to the models of 
distributed cognition and thereby draw on a model that was proposed by 
Kollar et al. (in press). A distributed cognition perspective is valuable, since 
it points to the importance of a person's internal script with respect to a par
ticular task. We assume that accomplishing a task requires three factors: (a) 
the activity leading to task accomplishment, (b) knowledge underlying this 
activity, and (c) the executive function, i.e., the instance that chooses and 
controls how to conduct the activity and what knowledge to use in order to 
accomplish the task. Each of these three components can be broken down 
into several subcategories (see Table 17-1). 
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Table 17-1. Overview over the different script dimensions and sub-dimensions from a 
distributed cognition perspective. 
Main dimension Sub-dimensions 
Activity Goal 

Subactivities 
Sequencing 
Roles 

Knowledge Type of representation 
Locus of representation 
Accessibility characteristics 

Executive function Goal setting control 
Performance setting control 

On behalf of the activity, we distinguish between four defining features. 
First, the activity can be described in terms of the goal it pursues. For exam
ple, a major goal might be "learning to drive". Second, these activities can 
include subactivities like "fastening seatbelts", "switching gears", etc. Third, 
these subactivities can be sequenced in a specific order. For the present ex
ample of "learning to drive", one sequence would be "getting into the car", 
"fastening seatbelts", "turning the ignition key", etc. Finally, a script can 
cluster activities to roles, for example a "driver" role or a "customer" role. 
These aspects can be evoked by the contents of both an internal, or an exter
nal script. Although we assume a certain equivalence with respect to func
tionality in a distributed cognition system (e.g., internal and external struc
tures might both evoke specific cognitive processes), we do not assume a 
structural equivalence between internal and external scripts (cf Cox, 1999). 

With respect to knowledge that is underlying the performance of specific 
tasks, there can first be different types of representation. For example, (1) 
knowledge residing in an external script might be represented textually, like 
in a user's manual, or graphically like in a scaffold for assembling furniture, 
or (2) mentally in the cognitive system of a person. Second and in relation to 
this, there can be different loci of representation as well. In the case of inter
nal scripts, knowledge Is residing in the person-solo, whereas in the case of 
external scripts, knowledge is represented in the persons' surround. Often, 
the knowledge residing in an external script is supposed to become internal
ized by the individual interacting with it, so that the locus of representation 
thereby is gradually switching from external to internal (or from the sur
round to the person-solo). Knowledge necessary to perform a task can third 
be described in terms of its accessibility characteristics, hence different 
kinds and pieces of knowledge can be more or less easily accessible, which 
can have physical as well as cognitive reasons. For example, the information 
that 32*32 equals 1024 is highly accessible when an individual has a hand
held calculator at his or her disposal, whereas it is less accessible when she 
has to compute without this support. 
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With respect to the executive function, we differentiate two subcatego
ries. First, scripts can be characterized with respect to who is setting and 
controlling the accomplishment of the intended goals {goal setting control). 
There might be instances in which an external person sets goals for an indi
vidual; in other situations, the individual is developing a script for herself, 
and in yet other situations an external tool sets the goals for the individual. 
Second, it is important to ask how it is assured that the specific individual in 
fact performs the activities and accomplishes the task she is supposed to per
form {performance control). For example, technological tools can be de
signed in a way that they always give immediate feedback when the individ
ual took the right steps and/or if performance was accurate. In other cases, it 
might be left to the individual to evaluate if she performed the activities cor
rectly or not. 

In the next section we use these categories to describe and analyze two 
scenarios in which we have explored external scripts that are suitable for 
specific types of individuals and specific tasks: (1) The Memory Aiding 
Prompting System (MAPS; Carmien, 2006a) is being developed in the con
text of the Cognitive Levers (CLever) project (Carmien, 2005; CLever, 
2005) at the University of Colorado to provide external scripts for persons 
with cognitive disabilities, thereby representing a prototype of a tool for liv
ing; (2) The collaborative argumentation script for 8̂*̂  to 10̂ ^ graders, which 
was developed at the Knowledge Media Research Center in Tubingen 
(Kollar, et al., 2005), which can be viewed as a tool for learning. 

4. EXAMPLES FOR AN INTERPLAY OF INTERNAL 
AND EXTERNAL SCRIPTS 

4.1 Memory Aiding Prompting System (MAPS): A tool 
for living 

Cognitively impaired individuals are often unable to live on their own 
because of deficiencies in memory, attention, and executive functions. These 
deficits can create an inability to consistently perform normal domestic tasks 
like cooking, taking medications, performing personal hygiene, and using 
public transportation. A common way of transitioning from assisted living to 
independent or semi-independent living is through the use of prompting 
systems. A prompting system decomposes a task into constituent parts, the 
parts comprising a script, and evoking each part with a prompt consisting of 
a pair of an image and a verbal instruction. MAPS (Carmien, 2002) consists 
of a mobile PDA based cellular phone (Figure 17-2) to be used by the person 
with the cognitive disability and a PC-based script editor tool (Figure 17-1) 
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to be used by the caregiver to create scripts. At script design time the care
giver chooses appropriate images and verbal prompts and assembles them, 
using the MAPS script editor, into scripts, that can then be loaded into the 
hand held MAPS prompter. At use time the person with cognitive disabilities 
uses the multimedia prompts displayed on the hand held computer to cue 
internal scripts (Carmien, DePaula, Gorman, & Kintsch, 2003; Carmien, 
DePaula, Gorman, & Kintsch, 2005b). 
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Figure 17-1. The MAPS Script Editor the upper left are the images in directories that may be 
inserted into the developing script, similarly the upper right shows a directory holding sound 
files to match with the images and make a prompt, a series of which for the script. 

The MAPS script editor allows caregivers to easily create, store, and 
share scripts or prompts. MAPS implements multimedia prompting on its 
PDA platform by playing the sequence of pairs of images and vocal cues that 
step a user through a script to affect a task. Each prompt is an external script 
that triggers the stored/learned behavior of the users, their internal script. 
Additionally, the MAPS prompting system is designed to provide a learning 



314 Chapter 17 

tool to acquire skills and scaffolding for daily life. When used as a learning 
tool the repetition of the external scripts may cause the script itself to be
come an internal script; but for most, the MAPS prompter will be used as a 
tool for living. The target population for MAPS, is cognitively disabled indi
viduals; using standard notation (The American Association on Mental 
Retardation, 1992) "trainable Mentally Handicapped' IQ 55-72 and the up
per range of 'Severely Mentally Handicapped" IQ < 55. However diagnostic 
language does not describe the desired population as well as a list of needs 
and abilities: they cannot read and have significant memory and executive 
function deficiencies; they must be able to work well with prompting tech
niques; have social skills sufficient to use commercial establishments with
out problems; have fine enough motor coordination to use a PDA, and be 
sufficiently capable to not lose or damage a PDA. 

The design of the caregivers' script editor reflecting a meta-design per
spective (G. Fischer, 2004, 2006a) on design time and use time requirements 
provides a tool to non-programmers to create scripts, in effect creating small 
programs to be run on the MAPS handheld prompter (Figure 17-2: MAPS 
handheld prompter in use). Grounded in our distributed cognition frame
work, the computational environment allows users to operate within the band 
of optimal flow (Csikszentmihalyi, 1990). This is achieved by fitting the 
granularity of executive function cues, the elements of external scripts, to the 
existing internal scripts of the user with cognitive disabilities. By doing so 
we obtain the precise fit that does not "over-control" the user (many more 
cues than is necessary) nor "under-cue" the user (asking for tasks to be ac
complished that the user can not achieve). In effect, MAPS mediates the 
collaboration between caregivers and persons with cognitive disabilities 
aimed towards more independence for the persons with cognitive disabili
ties, which benefits both stakeholders. Over time the MAPS logs (which re
flect script usage and effectiveness) aid in refining this asynchronous proc
ess. MAPS additionally provides simple ways to backtrack or to start over, 
to allow for mistakes during task completion, and a 'panic button \ 

The MAPS user interface is twofold; the Graphical User Interface (GUI) 
for the user with cognitive disabilities and the GUI for the caregiver. Be
cause the target population has a limited number of possible internal scripts, 
the set of available prompting scripts will not change dramatically, the same 
prompting scripts being used over and over. Thus, many prompting scripts 
can be constructed by reusing sub-scripts (i.e., the steps to "get from getting 
ready to go out to the closest bus stop"). What will change is the timing and, 
to a small degree, the content of the scripts. MAPS is equipped with GPS 
and wireless networking so that, for example, when users get to their bus 
stop, a specific bus coming in will trigger the prompt to get on the bus 
(Sullivan & G. Fischer, 2003). 
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Figure 17-2. MAPS prompter guiding a user in boarding the correct bus. The middle image 
shows a user holding a MAPS prompter and being aided in selecting the correct bus. The 
lower image shows the correct bus on the MAPS prompter. 

4.2 Collaborative argumentation script: A tool for 
learning 

Kollar et al. (2005) developed a script aiming at improving high-school 
students' collaborative argumentation in a web-based collaborative inquiry 
learning environment. Background of this work was that students' collabo
rative argumentation often appears to be deficient, i.e., they have low-level 
internal scripts: they often have difficulties in generating well-grounded ar
guments (Toulmin, 1958), and they rarely generate longer argumentation 
sequences, which may contribute significantly to collaborative knowledge 
construction ("argument - counterargument - integrative argument; Leitao, 
2000). In order to address these problems, the authors developed an external 
script that was supposed to alleviate the construction of complete arguments 
and longer argumentation sequences and implemented it into a curriculum 
project of a web-based collaborative inquiry learning environment, namely 
the Web-based Inquiry Science Environment "WISE" (Slotta, 2004). In the 
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WISE curriculum project ("The Deformed Frogs Mystery"), dyads of learn
ers learned that many frogs with physical deformities were found during the 
late 90's, and that biologists are discussing two hypotheses that might ac
count for the problem. One hypothesis states that a parasite causes the de
formities, whereas the other hypothesis states that there is an environmental-
chemical substance in the water, which causes legs to develop strangely. The 
learners' task was to discuss and evaluate the two hypotheses against the 
background of various information they could explore in the learning envi
ronment (e.g., maps to see how the deformities are distributed, photographs 
of deformed frogs, journal articles about the phenomenon, etc.). The cur
riculum project included five content-specific parts (e.g., "The Problem", 
"Where are the frog deformities?", "What's in the water"), at the end of 
which the external script was implemented. Screenshots of a translated ver
sion of the script can be seen in Figure 17-3 and Figure 17-4. 

When learners first clicked on the button with the inscription "Discuss 
the parasite hypothesis" (left hand side of the screen in Figure 17-3), they 
received general instruction concerning the way they were supposed to 
structure their argumentation, specifying that at first there should be an ar
gument, then a counterargument, and then an integrative argument. More
over, it was prescribed that each of these arguments was supposed to include 
data, a claim and a reason (see Figure 17-3). When learners then scrolled 
further down, several empty textboxes appeared, for each of which it was 
specified, who should fill them in and what argument component should be 
generated (see Figure 17-4). For example, for the first three textboxes, it was 
specified that learner A had to formulate her argument (in favor of the para
site hypothesis), typing the data she was referring to in the first textbox, the 
claim she wanted to make in the second one, and the reason specifying the 
relation between data and claim in the third box. During this time, learning 
partner B had to monitor whether the argument A was producing was com
plete or not. The next three textboxes were prestructured analogically, this 
time demanding B to develop a counterargument, and A monitoring the 
completeness of the counterargument. In the end, both partners had to gener
ate an integrative argument and both had to monitor whether their argument 
was complete. In order to assure the correct application of the script instruc
tions, for the first time learners were completing the task to generate an ar
gumentation sequence, the textboxes always were headlined with sentence 
starters (e.g., "It has been found that..."). 



17. The interplay of internal and external scripts 317 

mammmxummn^ 
>rM\sy\.t Ar9uin*m>cn»ni 

COBV-tp/lDi'Utp 

-.\ ACTIVITY I 01 V 

J l •••••• 

tmi I'M ntl! irDlî Hnr] MrMCElMi; 
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Figure 17-3. External collaboration script. Left hand frame: WISE navigation buttons. Right 
hand frame: Instructional text and graphical image depicting guidelines for collaborative 
argumentation (translated into English). 

As learners proceeded more and more through the learning environment, 
the instructional support provided by the external script continuously faded 
out, expecting a gradual internalization of the strategic knowledge provided 
in the external script. For example, in the end of the second part of the cur
riculum project, learners received only three textboxes (one per argument) 
without the sentence starters just described, in the end of the third part only 
one text box for creating a whole argumentation sequence, and finally only 
one text box for discussing both hypotheses. In order to avoid biased infor
mation processing for one or the other of the two hypotheses, roles con
cerning who had to advocate which hypothesis were switched several times 
during the learning process. 
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INTERNAL AND EXTERNAL SCRIPTS IN A 
TOOL FOR LIVING AND A TOOL FOR LEARN
ING SCENARIO 

The contribution of this chapter is to describe and analyze situations, in 
which a person X is asked to perform a task Y from a distributed cognition 
perspective. We argued that during the process of task accomplishment, both 
internal and external scripts are important. In the following, we are using the 
categories described in section 3 to analyze and compare MAPS as an exam
ple for a tool for living and the collaborative argumentation script as an ex
ample for a tool for learning. 

Activity Dimension, Concerning the activity level, there are both similari
ties and differences between the approaches. Although MAPS is a device to 
augment intelligence (Engelbart, 1995) and to change tasks (Norman, 1993), 
and the collaborative argumentation script is a tool to augment intelligence, 
the major goals of the two activities are rather distinct: In MAPS, the aim of 
the activity is the accomplishment of an everyday task like "using public 



17. The interplay of internal and external scripts 319 

transportation", whereas in the collaborative argumentation script, the goal is 
to engage dyads in learning about biology and argumentation. In both ap
proaches, the goal of the activity is accomplished by conducting a variety of 
sub-activities that are externally induced in the target individual(s) ("walk to 
bus stop" or "leave bus here" in MAPS; "give data for your argument" or 
"formulate a claim for your counterargument" in the collaborative argumen
tation script) and that are bundled to specific types of roles ("customer" in 
MAPS; "advocate for parasite hypothesis" and "advocate for environmental-
chemical hypothesis" in the collaborative argumentation script). At the start 
of a scripted session the external scripts of both systems provide a rather 
clear sequence concerning when to engage in which sub-activity as well as a 
clear description of what role the target individual is supposed to take on. As 
task accomplishment progresses, sequencing as well as the strictness of role 
assignment in the two approaches develop differently. While in MAPS, strict 
sequencing of activities is realized throughout the whole task performance, 
in the collaborative argumentation script sequencing features are faded out 
over time, meaning that individuals in the end can define their own sequence 
according to which they want to build arguments and argumentation se
quences. Further, in MAPS, the target individual stays in his or her cus
tomer-role until the end of task accomplishment, while the collaborative ar
gumentation script provides learners with growing degrees of freedom to 
choose which role (if any) they want to take on (e.g., monitorer or arguer-
role). 

Knowledge Dimension. With respect to the knowledge dimension, in the 
MAPS approach the knowledge necessary to accomplish the target task of 
"take bus to recreation center" is represented in graphical images on the 
screen of the PDA the target individual is carrying. To properly trigger the 
appropriate internal script, the target individual must build up an internal 
representation of the object that is presented on the PDA at a particular point 
in time. This internal representation may be likely to vanish in a short period 
of time, so the main type of representation remains graphical until the task 
has been accomplished, thus being prescriptive in a sense that the user is 
constantly reminded not to deviate from the activity portrayed by the exter
nal representation on the screen. In case of the collaborative argumentation 
script, however, at the beginning of the learning situation the knowledge 
necessary to engage in argumentation is represented in multiple forms, 
namely textually and graphically. As learners interact more and more on the 
basis of the external script, an internalization process is intended to occur, 
which results in the development of a gradually more stable mental repre
sentation (however, learners may already possess internal scripts that comply 
with the external script instructions prior to the collaborative learning situa
tion). With the fading of the external script instructions, textual and graphi-
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cal representations become less visible. Further, an individual can also ac
cess the learning partner's representations, i.e., she can ask the partner about 
hov^ to proceed to accomplish the task, thereby receiving auditively coded 
sequential representations of the information. While in MAPS, the locus of 
representation is, from the beginning of the episode, strongly external, in the 
collaborative argumentation script it shifts more and more from strongly ex
ternal to strongly internal These differences in the two approaches can be 
attributed to the different notion of what kind of internal scripts the target 
individuals are holding. In MAPS, due to the end user's cognitive disabih-
ties, the internal scripts are more static and less developable than is the case 
for the target individuals of the collaborative argumentation script. Through 
constant interaction with the collaborative argumentation script, learners get 
to internalize relevant portions, having the effect that the induced processes 
are being controlled by their internal scripts that are gradually improving and 
enabling them to lead better discussions in the future. The underlying as
sumption is that an optimal fit between internal and external scripts might be 
reached by internal scripts becoming more and external scripts becoming 
less sophisticated over time, i.e., the more the learners internalize through 
following the script instructions, the less specific the script instruction have 
to become. That way, the external script becomes more and more a prompt
ing system for the activation of internal scripts. For Pea (2004), such fading 
is essential for a scaffold like an external collaboration script to be called a 
scaffold and thereby what can be called a tool for learning. If not faded, the 
external script would rather be an example for distributed intelligence, 
meaning that users would not necessarily have to learn what the script in
duces but rather use it as a tool for living that is constantly accessible. The 
accessibility characteristics of knowledge residing in the two script ap
proaches are assumed to remain stable. In fact, one main aim of every 
scripting approach must be to hold accessibility of task-relevant knowledge 
high. In the MAPS approach, accessibility can only be guaranteed by locat
ing knowledge in the external surround, due to target individuals not being 
able to build up an internal representation of relevant knowledge. In contrast, 
in the collaborative argumentation script approach, at the beginning of a 
learning episode relevant knowledge is made accessible in learners' external 
surround in a graphical and textual manner, but by constantly and intention
ally using the external scripts, knowledge is becoming easily accessible in 
the person-solo, which is accounted for by making the external script con
tinuously less accessible (via fading). However, it is likely that some learners 
might require having the external script longer externally accessible than it is 
the case here, because learners will differ in the amount of time they need to 
internalize the contents of the external script. 
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Executive Function Dimension. With respect to the executive function, 
MAPS and the collaborative argumentation script exhibit differences: Con
cerning goal setting control, in the MAPS approach there are at least two 
kinds of persons involved: the designer of the MAPS environment and the 
caregiver who designs the script for the particular needs of the target indi
vidual, making as efficiently as possible use of the design constraints set by 
the environment designer. Such a collaborative effort between several per
sons is not present in the collaborative argumentation script approach -
there, it is solely the designer(s) of the external script who set(s) the goals for 
the target individuals. However, in both cases, the target individuals them
selves have personal goals, which sometimes comply with the goals that are 
set externally. Performance control, in the collaborative argumentation 
script, is transferred in part to the learning partner, who is not supposed to 
generate an argument but to monitor whether the argument his or her partner 
is developing is complete in the sense of Toulmin's (1958) argument 
scheme. The interface design includes some low-level performance control 
that can sense whether one or more textboxes remained blank and then asks 
learners whether they want to go on anyway. In both script scenarios, the 
target individuals themselves could engage in performance control to a cer
tain extent. A basic assumption of the MAPS approach is that the target per
son's cognitive disabilities are not so severe that they would not allow her to 
realize that something has gone wrong, so she can press the "panic button" 
informing the caregiver that help is needed. In a similar vein, learners in the 
collaborative argumentation script approach are expected to be able to 
monitor whether the external script is being followed by them or not. 

6. CONCLUSIONS 

In this chapter, we explored the value of a distributed cognition perspec
tive on scripts for different situations. We illustrated this by using two ex
amples: 

• MAPS, a socio-technical environment creating external scripts represent
ing tools for living by supporting people with cognitive disabilities in ac
complishing everyday tasks like "using public transportation", and 

• the collaborative argumentation script representing a tool for learning for 
supporting high school students in acquiring argumentation skills. 

A distributed cognition perspective can be used to describe and analyze 
both - situations, in which scripts help in genuine living tasks as well as 
situations, in which external scripts are explicitly designed to facilitate 
learning. The provided conceptual framework is simultaneously broad 
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enough to describe scripts from different backgrounds and to capture con
ceptual differences between scripts as tools for living and scripts as tools for 
learning. 

Adopting a distributed cognition perspective can give new insights into 
how external scripts should be designed for better task accomplishment and 
thereby better learning. As we noted at the beginning of this article, the de
velopment of scaffolding tools is often focused on their design processes or 
their usage and simultaneously puts less attention on internal consequences 
of this usage. It has largely been ignored that different individuals hold dif
ferent internal scripts (a fundamental challenge addressed by the CLever 
project; Carmien, 2005) that might require differently structured external 
scripts and that this interplay between internal and external scripts can 
change over time when an individual gradually represents contents internally 
that were originally represented in the external script. Different target per
sons and different prerequisites of an individual interacting with an external 
script might require this external script to be sometimes prescriptive and 
sometimes permissive. In MAPS, the external script needs to be prescriptive 
because of (a) the low reliability of individuals' internal scripts and (b) their 
restricted ability to internalize relevant information that is located in the ex
ternal script. In the collaborative argumentation script, the external script 
becomes more permissive the longer dyads are interacting with it, i.e., by 
giving learners increasingly more degrees of freedom (after a while), they 
are provided with the opportunity to let their improved internal scripts guide 
their argumentation in a less restricted surround. 

We presented two prototypical examples for a tool for living (MAPS) 
and a tool for learning (collaborative argumentation script). The main differ
ence between the two is that tools for living are designed to augment intelli
gence and change tasks (G. Fischer, 2006b) by being continuously accessible 
in the surround of a person-solo and tools for learning representing a way of 
supporting learners to acquire new skills and knowledge (Pea, 2004). As a 
consequence, one main component of tools for learning is that they include 
fading mechanisms so that learners have the opportunity to practice the 
learned skills without external support being available. In the case of tools 
for living, such fading is not necessary, since there is no internalization in
tended. Defining (and designing) an external script as a tool for living or a 
tool for learning depends on user characteristics. If users do not have the ca
pability to internalize external script contents, the script represents a tool for 
living ~ accordingly, it should remain stable in the external surround of the 
users. In contrast, if users do have the chance (and maybe even the task) to 
internalize the strategies that are imposed by the external script, it is a tool 
for learning. 
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One further potential of adopting a distributed cognition perspective on 
scripts is that it points to the relevance of the accessibility characteristics of 
scripts and script portions. It is clear that accessibility of script information 
should be high throughout an individual accomplishing the target task. But 
how does accessibility change through internalization and fading? How long 
and in what ways do users have to interact so that the script portions are as 
accessible in the person-solo as they were before when the script was repre
sented externally? These are questions that are up to future research. 

Earlier, we said that three domains are particularly concerned with 
scripts, as it is also represented in the structure of this book: computer sci
ence, cognitive psychology, and education. For each of these disciplines, 
specific challenges can be derived from our analysis. 

In computer science, an important challenge for designers of software to 
be used by specific types of users is to create a design that accounts for the 
customers' needs in the best possible way, including user-centered (Normsin, 
1986) and participatory design approaches (Schuler, 1993). Most of the 
times, user groups are very heterogeneous with respect to important aspects 
like their prior Icnowledge about how to interact with a specific class of 
computer programs, thereby making it difficult to realize a high fit between 
software design and user needs. Very often, this problem is accounted for by 
providing specific help systems a user can access when experiencing a 
problem as well as including diverse opportunities for preference settings a 
user can individually design. This is what is called meta-design (G. Fischer, 
2004, 2006a): a conceptual framework for socio-technical systems in which 
end-users (not only professional software developers) can create external 
scripts. MAPS is an environment supporting meta-design in which caregiv
ers (knowing the internal scripts of the person with cognitive disabilities) can 
create external scripts fitting an individual. Meta-design is an important 
challenge computer science is facing to develop highly usable external 
scripts. 

For cognitive psychology, an important challenge is to get a clearer pic
ture of how different external scripts affect acting and thinking in particular 
situations and if and how they can change individuals' internal scripts with 
respect to these situations. Thereby, external scripts with respect to one per
son can have their origin in another person, and it might be interesting to see 
how the internal scripts of two persons are influencing each other. For ex
ample, Rummel and Spada (this volume) investigate how two individuals 
with different background knowledge (a psychologist and a medical doctor) 
collaborate in solving a psychological-medical case that requires a coordina
tion of both individuals' internal scripts. Likewise, Runde, Bromme, and 
Jucks (this volume) analyze collaboration processes between experts and 
laypersons, in which the internal scripts of the interaction partners have to be 
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coordinated to come to a satisfying problem solution. It is an interesting 
question whether and how components of the two internal scripts are trans
ferred and what determines this transfer process. 

For education, one main challenge is to investigate how the different 
script types that are distributed over a classroom can be used and instruc-
tionally designed in a way that learners are engaged in meaningful learning 
processes yielding significant learning outcomes. First, individuals can be 
conceptualized as holding internal scripts that guide them concerning how to 
engage in particular classroom activities. Second, a computer program can 
provide an external script guiding learners to process the specific classroom 
activities in a specific way. Third, the teacher can be conceived as holding a 
teaching script that is external to the learners and that influences the way 
learners are accomplishing the classroom activity. It is the question how 
these different script types can be orchestrated on a classroom level in order 
to realize productive learning. A distributed cognition model including dif
ferent levels of regulation (e.g., Cole & Engestrom, 1993; Dillenbourg & 
Jermann, this volume) seems highly valuable here to guide research and to 
help accumulate scientific knowledge appropriately in this respect. 
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Chapter 18 - Discussion 

SCRIPTING GROUP COGNITION 
The Problem of Guiding Situated Collaboration 

Gerry Stahl 
Drexel University, Philadelphia 

Abstract: The concept of scripts has considerable appeal as addressing or at least naming 
an urgent issue in CSCL: how to use the promise of networked computers to 
guide groups of students to engage in desirable and successful collaborative 
learning. However, the concept of scripts is often applied inconsistently or 
founded on problematic theoretical grounds. Reconceptualizing scripts as situ
ated resources rather than implementable plans for action is therefore under
taken here to align the concept with current socio-cultural thought. Studying 
how such a resource is made sense of in detailed interactions is then recom
mended for studying how scripts can be designed to guide situated collabora
tion. 

1. INTRODUCTION 

The term script encapsulates many connotations. This grants it the power 
to bring diverse topics together to cross-fertiUze each other, as has been done 
in this book. At the same time, the term's overloaded meanings threaten to 
dull its focus and emasculate its power; if it conjures up different visions for 
each reader, the term loses its power to build shared mQdimwg. 

The publication of this multi-perspective and trans-disciplinary book on 
scripting in CSCL reflects an important joining together of researchers under 
the banner of the term script to delineate a major contemporary movement 
within a field that often suffers from feelings of theoretical and methodo
logical fragmentation. Perhaps a useful role for a discussant in trying to sup
port this convergence is to highlight its central claims, trace its historical 
roots and clarify its foundations. 

This chapter will proceed by commenting on the senses of the term script 
that can be associated with several of the theoretical sources referenced in 
Chapters 16 and 17: Schank and Abelson (1977), Vygotsky (1930/1978), 
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Suchman (1987) and Schwartz (1995). In reviewing this history, the chapter 
will define a view of scripts that may differ from the term's commonly un
derstood sense. It will then conclude by revisiting central claims of Chapters 
16 and 17 in terms of this refined view. 

2. SCRIPTS AS COGNITIVE MODELS 

The script metaphor has its commonsense roots in the theater. Actors 
follow a script, which defines the narrative context, roles, actions and out
comes of a play, movie or television drama. Although the public idolizes the 
actors and remains ignorant of the script designers, the real agency lies in the 
script, not in the pretty faces that mouth it. The play's intelligence is that of 
the author, put into word and onto paper, reified and made persistent so that 
it can control the action that may later take place on camera, in the author's 
absence, for the benefit of a projected audience at yet another time and 
place. 

Pop sociology would have us all playing socially defined roles. Some
how, conventions of our culture define what everyone (present company 
perhaps excluded) does, says and thinks. When we enter a restaurant, we 
supposedly slip into the customer role and interact with the person in the 
waitress role according to a well-defined script. 

This is not quite the sense of script that Schank and Abelson's Scripts, 
Plans, Goals and Understanding (1977) proposed. In their pioneering contri
bution to artificial intelligence (AI) and cognitive science, they were ex
ploring a computational model of how people understand stories. They pro
posed that people organize their memories of how events like visits to res
taurants proceed by constructing data structures that represent knowledge of 
generalized events and connections among events, like causal relations. This 
theory of scripts is quite complex, attempting to incorporate much domain 
knowledge as well as linguistic structure. It is specifically designed to ac
count for our ability to make sense of stories by speculating about mental 
representations of commonsense knowledge that allow us to fill in the im
plicit relationships between consecutive narrative utterances. 

Written in the heyday of rationalist AI research, Schank and Abelson's 
concept of scripts assumed that human minds worked like computer pro
grams, accessing data structures and drawing long sequences of logical con
clusions. Motivated by toy problems like analyzing artificially simple narra
tives about restaurant visits, such theories have not stood up well to subse
quent reflection, especially when people try to extend the theory beyond its 
original restricted domain of understanding stories to human activity more 
generally. 
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The restaurant script, with its necessarily large collection of associated 
variations, sub-scripts and related scripts might help one to analyze restau
rant visits in stereotyped television plots or in boring visits to the local diner. 
But these are not necessarily events worth writing about. A story needs to 
have an element of novelty or interest - precisely something that goes out
side of the generalized script. And every actual restaurant visit involves 
spontaneous human interactions that improvise around the assumed roles 
with personality, humor and humanity. 

There is also the theoretical question of whether we really walk around 
with these huge, detailed, logically organized data structures covering all our 
commonsense, social and personal knowledge. It may be more reasonable to 
imagine that we construct on the spot generalized versions of something like 
restaurant scripts as spontaneous resources for thinking about specific stories 
or events as they confront us. This is not the way computers were pro
grammed to organize knowledge in the 1970s, but it seems plausible given 
the way stories are actually told to people, at least in face-to-face situations. 
A story is designed by the teller to interact with the audience (Livingston, 
1995). The teller continually adjusts the telling to form a desired interaction 
with the recipient of the story. Through subtleties of gaze, intonation, body 
position, facial expression, gesture, rhythm and word choice, the narrator 
and the recipients maintain an intimate alignment that ensures moment by 
moment that the story is actually being shared. Assumptions of what each 
other hold to be generalized patterns of, for instance, restaurant behaviors, 
may play significant roles in this dance of shared meaning-making. 

3. SCRIPTS AS SOCIAL RESOURCES 

The notion that we should look at the details of interactions among peo
ple in groups rather than speculating about mental representations in indi
vidual minds in order to understand human knowledge was developed in 
Vygotsky's Mind in Society (1930/1978). Inspired by a deep grasp of Marx's 
(1867/1976) social philosophy around the time of the Russian revolution, 
Vygotsky argued on theoretical and empirical grounds that what is distinc
tive about the way that people learn is the construction of new skills in inter
actions with others within cultural contexts: "Human learning presupposes a 
specific social nature and a process by which children grow into the intel
lectual life of those around them" (p. 88). 

Vygotsky's concept of the zone of proximal development distinguishes a 
person's intellectual abilities when working alone from those when collabo
rating with others. The fact that learners have significantly higher skill levels 
when working in dyads or small groups suggests that intellectual develop-
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ment generally takes place during interactions with others. Vygotsky was 
able to show with controlled experiments that children could accomplish 
tasks with external memory aids and with collaboration that they could not 
do on their own. Older subjects could achieve these tasks on their own, sug
gesting that they had somehow internalized the intersubjective or environ
mental aids in the intervening years. Vygotsky was not able to study the de
tailed interactions whereby collaboration and external artifacts were used, let 
alone observe directly the mechanisms of internalization. However, his vi
sionary - if sketchy - theories inspired the emphasis on collaborative learn
ing in socio-cultural contexts within CSCL. 

Vygotsky's theory of learning suggests that scripts not be taken as mod
els of mental representations of individual learners, but be used for structur
ing social environments to foster collaborative interactions that can engender 
intersubjective knowledge building. 

4. SCRIPTS AS COMPUTER-BASED RESOURCES 

A methodology for studying the moment-to-moment interactions of dy
ads and small groups engaged in collaborative problem solving - with com
puter support - is motivated, described and illustrated in Suchman's Plans 
and Situated Actions (1987). The use of video analysis based on principles 
of ethnomethodology (Garfmkel, 1967) as practiced by conversation analy
sis (Sacks, 1992), allows Suchman to propose an approach that she explicitly 
contrasts with the AI approach of Schank and Abelson: "Instead of looking 
for a structure that is invariant across situations, we look for the processes 
whereby particular, uniquely constituted circumstances are systematically 
interpreted so as to render meaning shared and action accountably rational. 
Structure, on this view, is an emergent property of situated action" (p 67). 
For instance, structures of meaning, goals, roles or turn-taking in conversa
tion are not pre-existing structures, but are constructed interactively by the 
on-going discourse itself (Garfmkel & Sacks, 1970; Sacks, Schegloff, & 
Jefferson, 1974). 

For Suchman, plans such as the scripts of Schank and Abelson are not 
rigid blueprints for action that are simply implemented as stated, but are 
flexible resources that people construct, interpret, adapt and use in their spe
cific, situated acts of making sense. People's commonsense understandings 
of their plans may be similar to the AI view, but if one studies closely the 
role that plans play in actual activities - such as accomplishing office tasks -
one gets a different view. In Vygotsky's (1867/1976, e.g., pp. 28f) analysis, 
planning skills evolved out of resources for interpersonal interaction. Young 
children simply act and then may retroactively give a name to their action 
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(e.g., to a drawing they did, when prompted for a description). Later, they 
verbaHze actions to be taken: at first in an attempt to control another per
son's behavior (e.g., their caretaker), and subsequently to control their own 
future behavior. In such ways, verbaHzations of action (plans) can function 
either before or after the actions as ways of making shared sense of the ac
tions. 

In Suchman's ethnomethodological terms, plans are resources that may 
be used to prepare for and guide up-coming actions or to give an accounting 
of on-going or completed actions (i.e., they are often retroactive rationaliza
tions). Under this analysis, plans are not causal agents of the action, but are 
possible useful accompaniments to the action that play (at least originally) a 
largely interpersonal role rather than an individual mental function. The so
cial functioning of verbal plans (or their silently internalized derivatives in 
thought) is hidden in the taken-for-granted everyday functioning of human 
existence, and plans are then conceptualized based on their adult, conscious 
appearances. Commonsense folk theories - and the rationalist abstractions of 
these theories in AI - project plans into mental representations that cause 
planned action. 

Suchman studies the use of a computer-based help system for a sophisti
cated copying machine. The help system defines an Al-type script that was 
designed on assumptions about mental models of scripts in users' heads 
controlling their actions. Suchman documents the failure of this approach by 
showing how dyads of users negotiate their understandings of various prob
lematic states of their copying tasks through interactively trying to make 
sense of various resources in their environment, including messages from the 
copier, their shared discourse, verbalizations of their goals, generalizations 
of past experiences and attempts at various actions. 

The fundamental problem, as Suchman points out, is an asymmetry in the 
data that the copier computer has about the on-going work context and what 
the users understand about the situation. This asymmetry is closely related to 
the fact that people do not make sense of their activities according to gener
alized scripts. Rather, they make use of an unconstrained set of resources 
that they make relevant in their environment. Perhaps most importantly, they 
engage in subtle processes of problem solving to overcome breakdowns in 
the kinds of anticipated normal patterns of events that might be captured in 
scripts and plans. Such problem solving is critical to success because break
downs are ubiquitous. Analysis of the discourse of dyads or small groups 
engaging in situated problem solving can reveal how people actually make 
use of available resources and where they get stuck trying to follow com
puter scripts. The detailed collaborative procedures captured on video and 
comprehended through intensive and repeated study are rarely what design
ers of computer-based scripts might have planned for. 
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The copier help system is a script that provides computer support for 
small groups to collaboratively learn how to use the copier. It is an instance 
of scripting for CSCL. It mediates the users' collaborative actions and their 
meaning making. It poses the central practical tension that gnaws at the en
terprise of CSCL: 

a) Collaborative learning is achieved under unique circumstances whose 
significance is interactively constructed by the learners and cannot be 
predicted. 

b) Computer support attempts to define a specific context and to direct the 
meaning-making process in order to (i) guide the learning toward peda
gogical goals and (ii) provide a real-time model of the learners' state that 
can steer the delivery of computational resources. 

Based on her theoretical, methodological and empirical study, Suchman 
recommends (p. 181) that computer support compensate for its limitations 
by: (1) extending its access to the actions and circumstances of the user; (2) 
clarifying for the user the limits of the computer's access to the users' rich 
interactional resources; and (3) providing a wider array of alternative re
sources, particularly to help the users respond to unforeseen breakdowns. 
These recommendations should be implemented based on careful empirical 
study of a given application, along the lines of Suchman's video analysis of 
copier usage. Only this way will designers discover: (1) the relevant factors 
of the use situation; (2) the way that the user treats the computer as an inter
action partner; and (3) the kinds of breakdowns that can occur and the re
sources that users take advantage of to make sense of and overcome the 
breakdowns. 

5. SCRIPTING GROUP COGNITION 

It is not easy to study the details of how people use situational resources 
to construct shared meaning in computer-mediated learning tasks. In par
ticular, it is hard to delineate what is accomplished by individuals and what 
is best analyzed at the small-group unit of analysis. Hardest of all, perhaps, 
is to describe how individual and group cognition - once distinguished -
work symbiotically. Schwartz' The Emergence of Abstract Representations 
in Dyad Problem Solving (1995) takes some steps in this direction. 

Schwartz scripts three controlled experiments - one in a lab with video 
camera and two in classrooms - that compare individuals and dyads working 
on the same science problems. In order to get at the problem-solving proc
ess, Schwartz looks at the intermediate problem representations that the stu
dents construct, rather than at their final solutions. He finds that although 
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there is little significant difference between individuals and dyads in their fi
nal solutions, the groups construct more abstract representations. Schwartz 
concludes from this that the group-level cognitive processes are qualitatively 
different from the cognitive processes of the isolated individuals: "Group 
cognitions sometimes yield a product that is not easily ascribed to the cogni
tions that similar individuals have working alone. In particular, groups have 
a tendency to construct representations that are more abstract than individu
als' representations" (p. 322). 

In the first experiment, where the activities were captured on video, 
Schwartz was able to see how the dyads were forced to construct collabora
tive representations, to negotiate their meaning and to overcome breakdowns 
in shared understanding. These unique, situated, unpredictable interactions 
and verbalizations produced and made visible joint articulations of the 
structures of the objects in the scientific problem, leading to insights into the 
final solution. Because of their interactive work in overcoming the additional 
hardships introduced by having to negotiate and maintain shared under
standings between two people who started with independent ideas, the dyads 
performed significantly better than would be predicted based on combining 
the best individual performances of the dyad members. 

Unfortunately, the other two experiments were not videotaped and there
fore the interactions of the dyad members could not be analyzed. Conse
quently, Schwartz was largely reduced to speculation that if the interactions 
could be studied they would show that the processes of overcoming break
downs in maintaining mutual knowledge fostered the joint construction of 
abstract graphical and verbal representations that were useful for problem 
solving: ''I suspect that interactional studies would find numerous forms of 
negotiation depending on the individuals' knowledge and the affordances of 
the task at hand... Although the process and products of representational ne
gotiation may take numerous forms, I believe that careful attention to the 
conditions preceding a period of representational negotiation will reveal 
strong evidence for the important role of mutual-knowledge problems in the 
co-construction of representations" (p. 348). 

6. SCRIPTS FOR FRAMING COLLABORATIVE IN
TERACTIONS 

The preceding quick review of Schank and Abelson (1977), Vygotsky 
(1930/1978), Suchman (1987) and Schwartz (1995) has attempted to recon-
ceptualize the concept of scripts as situated resources rather than implement-
able plans for action so as to align the concept with current socio-cultural 
thought. It has recommended the micro-analysis of how such resources are 
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made sense of in small group interactions in order to guide the design of 
scripts based on actual examples of the kinds of situated action for which the 
scripts are intended. 

Dillenbourg and Jermann (this volume) display a healthy recognition of 
the nature of scripts as flexible resources. They take the concept of script not 
as a cognitive model of how people actually decide what to do, but rather as 
a design metaphor for finding the delicate balance between too little com
puter control to be helpful and too much control to allow for flexible group 
interactions. 

Interestingly, they finesse the problem of constraining group interaction 
by confining scripting to the individual or whole-class activities that precede 
and that follow the core small-group collaborative activities. They define 
CSCL scripts to be instructional sequences that prepare for and then reflect 
upon, but do not interfere with peer interactions. Adopting Schwartz' con
clusion that the power of collaborative learning comes from the effort neces
sary for the group to build a shared understanding, Dillenbourg and Jermann 
use scripts to set up situations in which groups will be forced to construct 
group meanings - their SWISH model. The meaning-making phase itself is 
then left unconstrained, for it is too fragile, complex and unpredictable to be 
supported by a script that is written in advance. 

Chapter 16 is clearly a synthetic presentation, based on extensive experi
ence using scripts in real learning contexts. It would be nice to see some of 
the detailed interactions that were observed during the experimentation as 
examples that motivate the principles enumerated in the chapter. Presuma
bly, page limitations for the chapter prohibited that, and one must go back to 
the earlier individual studies for such examples. 

7. SCRIPTS FOR LEARNING AND FOR LIFE 

Carmien, et al. (this volume) call for a distributed cognition perspective 
to account for the interplay of mental and environmental phenomena. While 
this is an important move, the details of the particular theory developed are 
also decisive. The preceding discussion has argued for building more on Vy-
gotsky and Suchman than on Schank and Abelson in defining an approach to 
distributed cognition or group cognition (for a fuller account, see Stahl, 
2006). Rather than starting from a theory of individual cognition and then 
supplementing it to build a "person-plus" theory, it has invoked Vygotsky's 
theory in which individual cognition is a social-cognition-minus product of 
internalization processes. In place of adopting a view of scripts as control
ling data structures, it has recommended Suchman's conception of situated 
resources. 
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Vygotsky's and Suchman's alternative approaches could be used to ac
count for the design, study and analysis of tools for living and tools for 
learning. Computational tools mediate between people, for instance between 
a cognitively disabled person and their caregiver or a group of students and 
their teacher. The tool can be viewed as an extemalization of the caregiver's 
or the teacher's guidance. The users must learn how to use the tool, and they 
may or may not be able to intenialize its guidance to varying degrees. 

Carmien, et al. cite Suchman and recognize the dangers of technology-
driven design. Careful study - such as that done by Suchman - at a detailed 
level of interactional granularity would be needed to analyze the specific 
processes of internalization and extemalization and to design the tools for a 
successful fit to the situated meaning-making interactions through which the 
tool is put into service. This would also ensure that the users' situated needs 
drive design. 

Together, Chapters 16 and 17 pose central issues for theory building, as
sessment methodology and design practices in scripting CSCL. They present 
contrasting approaches themselves and stimulate the consideration of yet 
other alternatives. 
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