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Abstract:

This paper investigates the role of instructional supports for argumentation-based
computer supported collaborative learning (ABCSCL), a teaching approach that
improves the quality of learning processes and outcomes. Relevant literature has been
reviewed to identify the instructional supports in ABCSCL environments. A range of
instructional supports in ABCSCL is proposed including scaffolding, scripting, and
representational tools. Each of these instructional supports are discussed in detail.
Furthermore, the extent to which and the way in which such instructional supports can
be applied in ABCSCL environments are discussed. Finally, suggestions for future work
and implications for the design of ABCSCL environments are provided.
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1. Introduction

With the swift growth of information and communication technology platforms and the
widespread accessibility of the WorldWideWeb, it is inevitable that professionals in all
fields will be confronted with rapidly changing wicked global problems and complex
issues. These complexities demand for appropriate actions, also in the field of education.
There is a consensus that proper educational designs have the potential to prepare and
train learners to become capable and qualified professionals, who can analyse,
conceptualize, synthesize, and cope with complex and authentic problems (see Noroozi
& McAlister, 2017). According to many scholars in the field of learning sciences,
collaborative learning provide fruitful environments to prepare learners to adjust to and
cope with today’s complex issues and challenges (e.g. Farrokhnia et al., 2019; Latifi et al.,
2020; Noroozi et al., 2011, 2016, 2018, 2020; Valero Haro et al., 2019, 2020; Veldhuis-
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Diermanse et al.,, 2006). Collaborative learning environments encourage learners to
discuss their ideas, concepts and problems from different viewpoints in order to re-
construct and co-construct knowledge while solving complex problems (Latifi et al., 2019;
Noroozi, 2017, Noroozi & Busstra et al.,, 2012; Noroozi & Hatami, 2019; Noroozi &
Mulder, 2017).

Argumentation has been one of the most important trends in collaborative
learning, whereby learners gain a comprehensive understanding of a problem through
the process of trying to convince each other. They learn to express their ideas, questions
and arguments using examples, evidence, logic words and reasons. The root of
argumentation dates back to theorists such as Plato and Socrates, who encouraged their
learners to discuss and criticize complex topics and issues. In this regard, Schwarz &
Glassner (2007, p. 449) stated: “Plato’s dialogues (or Socrates” dialogues), such as Meno or
Protagoras, show how critical discussions may help participants reach eternal truths”. Toulmin
(1958) is one of the best-known theorists who focused on the word of argumentation in
the 19th century. From his point of view, an argument consists of six interconnected parts:
claim, data, warrant, backing, rebuttal, and qualifier.

The claim refers to learners’ position on an argument. Each learner takes a position
in favor of or against the statement by expressing a claim. Data refers to factual
information that is expressed to support the acceptance of the claim. Learners, for
example, may support their claims by their observations. Warrant refers to justifying the
inference between data and claim might be expressed for, example, by definitions,
theories, and rules depending on the context of the course. Backing refers to reasonable
evidence and examples such as statistics or expert ideas which is in accordance with the
warrant. Qualifiers and their interrelated rebuttals refer qualifying the relationship
between claim and warrant. They both might be used in an argumentative process to
limit the validity of a claim. More explicit, qualifier refers to expressing a potential
limitation and rebuttal has to do with further explanation when the claim is not valid
(Stegman, Weinberger & Fisher, 2007).

It might be difficult to ask learners engage in argumentation using the whole
elements of Tolmin’s model in higher education due to its complexity and
appropriateness. In order to simplify Tolmin’s complex model, Stegman, Weinberger and
Fisher (2007) employed a simplified version of Tolmin’s model focusing on the elements
claim, ground (data, warrant, and backing), and qualifier to explain construction of single
arguments. Baker (1999), recently, revised Toulmin’s model concentrating on
collaborative discourse aspect of argument. Leitao developed a model for the sequence
of argument focusing on argument, counter-argument and integration (Leitao, 2000).
From Baker’s point of view, “Argumentation is a form of interaction in which, minimally,
speakers propose arguments in favor of views (propositions, statements, utterances, claims,
conceptual viewpoints, ... depending on the theoretical approach adopted), and counter-arguments
in disfavor of them” (Van Amelsvoort, 2006, p 19). Moreover, changing attitude, generating
explicit thoughts, co-constructing new knowledge and conceptual changes are the main
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characteristics of Baker’s view of argumentation in collaborative discourses (Van
Amelsvoort, 2006).

Quoting from Van Amelsvoort, Andriessen, & Kanselaar (2007, p. 486),
“collaborative arqumentation-based learning (CABLE) is increasingly used in education because
current practice values peer collaboration and construction of knowledge”. Learners in CABLE
can pass judgment on their own and other learners’ contributions, can ask peer learners
for enlightenment and clarification, and can give counter-arguments to broaden and
deepen their arguments (Newman, Johnson, Webb, & Cochrane, 1999). In order to
broaden an issue or topic, learners need to look at the topic from different perspectives
and aspects to clarify different subtopics, while in order to deepen a topic or issue,
learners need to elaborate their ideas in depth by using reasonable evidence and
examples (Van Amelsvoort, Andriessen, & Kanselaar, 2008; Munneke, 2007). Despite the
fact that implementation of CABLE in a variety of educational studies has resulted in
positive learning effects (cited in Van Amelsvoort et al., 2007), it is also argued that
implementing CABLE without instructional support might limit its positive effects
(Baker, 1999), especially if it is used as a tool to support and facilitate learning through
argumentative problem solving. An argument or the nature of argument is in fact not
linear, so it is not a simple task to broaden and deepen the space of debate during
sequential linear discussion (Rummel & Spada, 2005; McCutchen, 1987). To cope with the
non-linearity and complex nature of argument, a variety of instructional approaches have
been proposed, tested, and developed to support CABLE; for example, computer-
supported collaborative learning (CSCL).

In addition, a variety of graphical schemes have been introduced, tested, and
developed to support argumentation in design-based settings. IBIS (Issue-based
information systems) was introduced to support fundamental principles for the design
processes of argumentative problem solving, including three main nodes, namely issue,
position, and argument (Conklin & Begeman, 1988, Van Bruggen, 2003). Many
applications and developments of IBIS have been introduced in different fields of interest,
in which diverse viewpoints on a single problem need to be collected to cope with
complex problem designs (Kim, Suh, & Whinston, 1993). gIBIS (graphical IBIS) is a
hypertext-based environment aimed at supporting and facilitating interactions and
arguments between participants for issue-based communication, critical thinking, and
solving complex problems (Conklin & Begeman, 1988).

CSCL has recently been seen as an important and achievable instructional strategy
to facilitate and support CABLE and thereby help learners achieve a deeper
understanding and productive arguments (Koschmann, 2003). In today’s information
and communication era, CSCL is gradually moving into the mainstream of educational
designs, so that it is currently receiving enormous attention in universities and schools
throughout the world (Claudia, Steil, & Todesco, 2004; Ellis & Calvo, 2004; Hung, Tan, &
Chen, 2005; Wang & Woo, 2007). When learners are expected to solve complex problems
and reach a deeper understanding, argumentation-based computer-supported
collaborative learning (ABCSCL) provides a fruitful environment in which to integrate
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different perspectives, theories and ideas with their own arguments, counter-arguments,
clarifications, and discussions (Van Bruggen, 2003).

However, it has also been argued that learners may have difficulty arguing in rich
CSCL (Van Amelsvoort, 2006) and design-based environments (Van Bruggen, 2003). For
example, Van Bruggen (2003) noted that although using design-based environments
supports the argumentation process in solving complex problems, it may create an
additional burden for the learner because of the complexities and demanding tasks
involved. It can take a substantial amount of time for learners to broaden and deepen
their knowledge extensively enough to achieve an adequate level of expertise for solving
authentic problems.

One could argue that these difficulties can be solved or at least minimized by the
use of various instructional supports such as scaffolding, scripting and representational
tools. Given the complex nature of the authentic problems to be solved by learners,
achieving the desired learning outcomes by learners requires well designed
environments. Explicit attention needs to be taken into account by planners and teachers
who run ABCSCL environments in their courses. This paper aims to address and
conceptualize various types of instructional supports in ABCSCL environments.
Instructional supports in this study are composed of scaffolding, scripting, and
representational tools.

2. Results

Scripts provide some instructions for learners regarding how group members should
collaborate and complete tasks. Variety of scripts in CSCL and ABCSCL environments
have been introduced, tested and explored over the last decade such as: Sentence starters
(note starters), buttons with open text-boxes for particular speech acts, assigning and
rotating roles, peer interactions and question prompts including procedural, elaboration
and reflection prompts, and input text fields. Representational tools such as writing
argumentative texts, diagrams, and matrices aim at fostering and supporting interactive
argumentation.

2.1 Scaffolding

Scaffolding learners with the aim of facilitating learning has lately received a remarkable
amount of attention by researchers in field of CSCLearning (Azevedo & Hadwin, 2005).
Scaffolding plays a critical role in CSCL settings by providing guidelines that further the
learners’ activities to a point where support is no longer required (McLoughlin &
Marshall, 2000). There are different sources of scaffold supports in CSCL environments:
scaffolding by learners such as questioning and asking for feedback; scaffolding through
a CSCL tool such as embedding static prompts or templates in a CSCL platform; and
scaffolding by an external person or artificial agent (Azevedo & Hadwin, 2005).
Scaffolding shows learners how to appropriately approach a task and to choose different
paths. Scaffolding plays a critical role in the development of the learners’ declarative,
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conceptual, procedural, and meta-cognitive knowledge in ABCSCL environments
(Azevedo & Hadwin, 2005).

Scaffolding demands a series of sequential provisions that may need to be tackled
through a sequence of activities with loops and branches (Kobbe et al., 2007). Traversion
(allowing students to follow a series of the same activities with different sets of data while
only one element is tackled at any given time), rotation (allowing students to engage in
each activity by changing the order of elements in a given set), and fading (allowing
students to work with scaffolding that is gradually increased “faded in” or decreased
“faded out”) are three common sequencing patterns in ABCSCL (Kobbe et al. 2007).

Depending on the degree of scaffolding, students” activities in ABCSCL might be
different. For example, students with the Universanté scaffolding (see Dillenbourg &
Jermann, 2006) are supposed to follow activities such as a) analysing and elaborating the
case; b) summarizing and explaining; c) analysing, comparing, and relating new
information to prior knowledge; d) giving feedback and critiquing; and e) problem-
solving. ABCSCL prompted with the ArgueGraph (Dillenbourg & Jermann, 2006)
demands activities such as a) justifying opinions and constructing arguments; b)
comparing, evaluating, and elaborating; c) negotiating and constructing arguments; d)
explaining and justifying opinions; and e) summarizing and making connections.
ABCSCL scaffolded with a peer-review support (see Noroozi et al., 2011, 2012a, 2012b,
2013a, 2013b, 2013c, 2016, 2017, 2018, 2019a, 2019b) encourages students to engage in
activities such as a) applying theoretical concepts to cases and constructing arguments;
b) critiquing, initially scaffolded with prompts for eliciting clarification, identifying
conflicting views, and constructing counter-arguments.

2.2 Scripting

Scripts are complex instructions that stipulate the type and sequence of collaborative
learning activities in ABCSCL environments. Scripts thus provide some instructions for
learners regarding how group members should collaborate and complete tasks.
Collaboration scripts provide detailed and explicit guidelines for small groups of learners
to clarify what, when and by whom certain activities need to be executed (Weinberger,
Stegmann, Fisher, & Mandl, 2007). According to Kollar, Fisher, & Hesse (2006), the
common characteristics of collaboration scripts are that they (a) induce certain activities
to be carried out by the learners, (b) provide specific sequences concerning when to
perform each activity, and (c) provide participants with collaboration roles specifying
who is supposed to engage in the activities.

In this article, three types of scripts are distinguished: epistemic, argumentative,
and social scripts (Weinberger & Fisher, 2006; Weinberger et al., 2007). Epistemic scripts
have to do with structuring and sequencing discourse activities in ABCSCL
environments with respect to the content and task strategies (Weinberger et al., 2007).
Such a script provides guidelines for learners to appropriately engage in task-oriented
activities (Weinberger, Ertl, Fischer, & Mandl, 2005). An argumentative script has to do
with structuring and formulating the construction of arguments in ABCSCL
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environments. It provides guidelines for learners to construct and formulate better-
elaborated arguments in terms of warranting and qualifying claims (Weinberger &
Fisher, 2006; Weinberger et al., 2007). A social script specifies and sequences the
interaction of learners so that they can adopt adequate interaction strategies such as
eliciting (asking critical questions to elicit information) and transactivity (responding
critically to their partners’ contributions) (Weinberger et al., 2007).

During the past few years, a variety of scripts in CSCL and ABCSCL environments
have been introduced, tested and explored (Jermann & Dillenbourg, 2003). Sentence
starters (Weinberger, 2003), note starters (Nussbaum, Hartley, Sinatra, Reynolds, &
Bendixen, 2002), buttons with open text-boxes (Baker & Lund, 1997), assigning and
rotating roles (Schellens, Van Keer, De Wever, & Valcke, 2007), peer interactions and
question prompts including procedural, elaboration and reflection prompts (Ge & Land,
2004) and input text fields (Kollar et al., 2006) are some examples of scripts that have
resulted in positive learning outcomes. In a study conducted by Li & Lim (2008), it was
concluded that scaffolding with two fixed scripts (written prompts and an argumentation
template) and two adaptive scripts benefitted the learners’ learning outcomes. The
content-oriented scripts or epistemic scripts facilitate the construction of declarative and
procedural knowledge as well as inducing meta-cognitive activities (Schellens et al.,
2007). The communication-oriented scripts or social scripts stimulate interaction between
the participants, which in turn influences the cognitive processes indirectly. Social scripts
also evoke and stimulate the learners’ internal cognitive processes, which in turn
influences the meta-cognitive processes (Schellens et al., 2007).

Question prompts have been one of the most useful strategies to scaffold learning
in CSCL and ABCSCL environments that serve cognitive and meta-cognitive learning
purposes (Ge & Land, 2004; Morris, Hadwin, Gress, Miller, Fior, Church, & Winne, 2009).
Prompts, which are known as sentence starters, sentence openers, or question stems,
provide learners with guidelines, hints, and suggestions that facilitate enacting of scripts
(GE & Land, 2004). Having different cognitive and meta-cognitive purposes, prompts
comprise procedural prompts, elaboration prompts, and reflection prompts.

Scripting by assigning and rotating roles has been seen as one of the best-known
social-specific techniques for creating structure in CSCL environments. Having
determined roles compels learners to focus on specific activities that they themselves are
responsible for (Schellens et al., 2007). Assigning roles for learners has resulted in positive
learning outcomes, such as engaging effectively and smoothly in learning processes
(Cohen, 1994). Having a critical role has resulted in better task performance (Zigurs &
Kozar, 1994). Having a specified role has encouraged passive learners to actively
participate in learning processes (Cohen, 1994). Different types of roles have been used
to facilitate the quality of learning processes and outcomes. Four assigning roles (helper,
teedback provider, resource manager, and process reflector) were used in a study
conducted by Aviv (2000) to help the learners encourage and facilitate each others’ efforts
to reach the learning goals. Starter (initiate discussion by asking related questions) and
wrapper (summarize the discussion) were used in a different study as roles to facilitate
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knowledge construction (Zhu, 1996). Five roles (starter, summarizer, moderator,
theoretician, and source searcher) were designed for learners in a research study
conducted by De Wever, Van Keer, Schellens, & Valcke (2007). The overall conclusion of
this study was that learners enacted the roles they were assigned without ignoring the
activities related to the other roles. The researchers thus recommended scaffolding
learning (through assigning roles) as a successful structuring intervention (De Wever et
al., 2007). The scores of the final exam demonstrated that assigning roles improved the
learners’ acquisition of domain-specific knowledge; however, it did not increase their
level of knowledge construction. For the theoreticians and moderators, no differences
emerged compared to the non-scripted groups. Unexpectedly, source researchers
achieved a lower level of knowledge construction compared to the non-scripted groups.
It was argued that source researchers looked at interesting websites, articles, or books,
but failed to link them to the ongoing discussion or to discuss the supplied external
sources. In the end, the researchers suggested that teachers should clearly define and
explain the roles to learners and give sufficient attention to all dimensions (Schellens et
al., 2007). In contrast, in another study on similar roles conducted by De Wever et al.
(2007), it was concluded that only the summarizers achieve higher levels of knowledge
construction.

There are two kinds of scripts with respect to knowledge construction in
collaborative argumentation: external and internal scripts (Kollar et al., 2007). External
scripts are embedded in the external surroundings of learners, not in the learners’
cognitive system. External scripts, which come in different forms (explicit or implicit;
graphically embedded in a CSCL tool or a teacher’s oral presentation or in handout
materials), provide learners with guidelines for desired or undesired actions (Kollar et
al., 2006). External tools are likely to be either gradually internalized or they fade over
time (Kollar, Fischer, & Slotta, 2007). External scripts can be used in two ways: The first
approach aims at the internalization of the external scripted activities. This has been
termed “scaffolding approaches to scripting” (Pea, 2004) or “tools for learning” (Carmien,
Kollar, Fischer, & Fischer, 2007). The second approach uses external aids for better
understanding of complex domain concepts or processes. This has been termed
“distributed intelligence approaches to scripting” (Pea, 2004) or “tools for living” (Carmien et
al., 2007). The main characteristic of the first approach is that learners are persuaded to
utilize learned skills without external support being provided through fading
mechanisms. The main characteristic of the second approach is that teachers help learners
accomplish their tasks by being continuously accessible in the learning environment
(Carmien et al., 2007). Tools for learning can be regarded as tools for living if learners lack
the capability to internalize external scripts (Carmien et al., 2007).

An internal script is a set of knowledge and strategies that determines how a
person will act in and understand particular situations in ABCSCL environments (Kollar
et al.,, 2007, Carmien et al., 2007). Internal scripts are very flexible and vary between
individuals (Kollar et al., 2007; Carmien et al., 2007). Some individuals, for example, may
be good at giving explicit reasonable evidence and reasons in arguments (Kollar et al.,
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2007). Some learners might know how to attack an argument by creating counter
arguments (Carmien et al., 2007). Few studies have investigated the interaction between
internal and external scripts in ABCSCL environments (Kollar et al., 2007). This must be
taken into account, however, before designing external scripts in ABCSCL environments
(Carmien et al., 2007). Different internal scripts brought into ABCSCL environments by
different individuals can be complemented only by different external scripts (Carmien et
al., 2007).

Scripts for collaborative learning differ according to how structured they are.
While some theorists provide rather rough guidelines for specific activities, sequences
and roles, others may provide rather highly structured scripts, including very detailed
instructions for learners regarding what activities should be applied, when and by whom
(Kollar et al., 2007). Although highly structured scripts have resulted in better learning
outcomes than less-structured scripts (Weinberger et al., 2007), too-detailed scripts or
“over-scripting”” has been rejected (Dillenbourg, 2002) since it makes the ABCSCL
environments unnatural, leads to less productive collaboration processes and yields non-
intended side-effects (Weinberger, Stegmann, & Fischer, 2005).

2.3 Representational tools

Representational tools are believed to foster and support interactive argumentation in
ABCSCL environments (Bell, 2004; Suthers, 1999; Veerman, 2000). Accordingly, various
types of representational tools have been used in recent years. Whilst Coirier & Golder
(1993) and Veerman, Andriessen, & Kanselaar (2002) have emphasized the benefits of
writing argumentative texts, Suthers & Hundhausen (2003) have focused on the effects
of argumentative diagrams in ABCSCL environments. These authors point out the role
played by different external representations (diagrams, matrices and text) in
collaborative problem solving (Suthers, 2003; Suthers, & Hundhausen, 2003). In
summary, representational tools in ABCSCL environments help learners clarify their
arguments (Bell, 2004; Van Bruggen & Kirschner, 2003), keep their arguments on track
(Veerman, 2000), argue more effectively, consider all aspects and perspectives of a topic
(Suthers & Hundhausen, 2003), formulate statements in the space of a debate , take
different opinions, perspectives and critiques into account (Kolodner & Guzdial, 1996),
discover and clarify new relationships and find patterns (Suthers, 1999, 2001, 2003). The
tools furthermore help illustrate the structure of argumentation, give a general overview
(Larkin & Simon, 1987; Schwarz et al.,, 2000) and broaden and deepen topics (Van
Amelsvoort, 2006). In spite of the great advantages of representational tools, however,
little has been done to identify how, when and which representational tools could be
more useful in ABCSCL environments (Lund, Molinari, Sejourne, & Baker, 2007;
Munneke, 2007; Munneke, Andriessen, Kanselaar, & Kirschner, 2007). In this regard,
some educational theorists have claimed that when the purpose of ABCSCL is to deepen
student’s knowledge or produce productive arguments, writing tasks and argumentative
texts could be the most useful (Giroud, 1999; Klein, 1999; Veerman, 2000). When the
intention is to identify relations in a topic, a matrix is considered to be a good
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representational tool; whereas graphs are useful for elaborating on a topic while keeping
learners focused on the relevant aspect of the debate (Baker, Andriessen, Lund, Van
Amelsvoort, & Quignard, 2007).

3. Conclusion

Argumentation has been one of the most important trends of collaborative learning,
whereby learners express their ideas, questions, and arguments in order to convince each
other through examples, evidence, logical words and reasons to get a comprehensive
understanding. Collaborative argumentation-based learning (CABLE) has been used to
facilitate peer collaboration and knowledge construction. Computer supported
collaborative learning (CSCL) recently has been seen as an important and achievable
instructional strategy to facilitate and support CABLE for deeper understanding and
providing productive arguments. Despite the fact that implementing CABLE in a variety
of educational studies has resulted positive learning effects; however, it is also argued
that employing CABLE without instructional supports might limit its positive effects
since argument or the nature of argument is not linear and thus the broadening and
deepening the space of debate during sequential linear discussion does not happen
simply. In order to cope with the linearity and complexity nature of argument, a variety
of instructional approaches; for example, scaffolding, scripting, and representational
tools have been proposed, tested, and developed to support CABLE. Scaffolding in
ABCSCL environments shows learners to appropriately approach a task and to choose
different paths to get different solutions. Scripts are complex instructional means that
stipulate and sequence collaborative learning activities in CSCL and ABCSCL
environments. Scripts provide some instructions for learners regarding how group
members should collaborate and complete tasks. Variety of scripts in CSCL and ABCSCL
environments have been introduced, tested and explored over the last decade such as:
Sentence starters (note starters), buttons with open text-boxes for particular speech acts,
assigning and rotating roles, peer interactions and question prompts including
procedural, elaboration and reflection prompts, and input text fields. Representational
tools such as writing argumentative texts, diagrams, and matrices aim at fostering and
supporting interactive argumentation. Making argument visible, clear and explicit,
increasing quality of argumentation, considering all aspects and perspectives of the topic,
illustrating the structure of argumentation and giving general overview, broadening and
deepening topics in different ways, discovering and clarifying new relationships and
finding patterns, as well as formulating statements in the space of debate are some
benefits of using representational tools in ABCSCL environments. Further studies need
to be performed to find out the way in which different internal scripts interplay with
different external scripts and how this interaction influences argumentative knowledge
construction in ABCSCL environments. It is wise to shed light on the extent in which
learners can internalize and stabilize scripts over time. How long, how, and under what
conditions do learners need to interact to internalize external scripts? How detailed and
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specify external scripts should be designed to prevent frustration among learners by
over-scripting? Considering representational tools, it is necessary to disclose under
which conditions, when, how and which tools in ABCSCL can lead to the productive
learning outcomes.
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