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a b s t r a c t

Learning to argue is an essential objective in education; and online environments have
been found to support the sharing, constructing, and representing of arguments in multiple
formats for what has been termed Argumentation-Based Computer Supported Collabora-
tive Learning (ABCSCL). The purpose of this review is to give an overview of research in
the field of ABCSCL and to synthesize the findings. For this review, 108 publications (89
empirical studies and 19 conceptual papers) on ABCSCL research dating from 1995 through
2011 were studied to highlight the foci of the past 15 years. Building on Biggs’ (2003)
model, the ABCSCL publications were systematically categorized with respect to student
prerequisites, learning environment, processes, and outcomes. Based on the quantitative
and qualitative findings, this paper concludes that ABCSCL environments should be
designed in a systematic way that takes the variety of specific conditions for learning into
account. It also offers suggestions for educational practice and future research.
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1. Introduction

Arguing, critical thinking and logical reasoning are essential objectives in education. Students of all ages need to learn to
clearly explain their informed opinions and give reasons for the way in which they carry out tasks and solve problems. The
ability to argue is a key skill in approaching complex problems as well as in collecting observational data and applying rules
of formal logic (Voss & Van Dyke, 2001).

Engaging learners in dialogic argumentation in what has been called Collaborative Argumentation-Based Learning
(CABLE) is an educational approach for preparing learners to manage today’s complex issues and actively participates in
knowledge societies (Jeong & Frazier, 2008; Van Amelsvoort, Andriessen, & Kanselaar, 2007). CABLE demands learners to
build arguments and support a position, to consider and weigh arguments and counter-arguments, to test, enlighten, and
clarify their uncertainties, and thus achieve understanding about complex ill-structured problems (Aleixandre-Jimenez,
2007; Cho & Jonassen, 2002). Although literature reports positive effects of CABLE on a variety of learning mechanisms
(see Van Amelsvoort et al., 2007), telling learners to argue with each other is not a sufficient way to attain CABLE’s potential
and hence it does not entirely guarantee successful learning (Baker, 1999; Van Amelsvoort, 2006). In the last 15 years, online
support systems for collaboration or Computer-Supported Collaborative Learning (CSCL) environments in which learners ar-
gue in teams have been found to support the sharing, constructing and representing of arguments in multiple formats. This
type of learning arrangement is named Argumentation-Based Computer Supported Collaborative Learning (ABCSCL) and it is
seen as a promising context to facilitate CABLE (Scheuer, Loll, Pinkwart, & McLaren, 2010). Much research has been done in
the field of ABCSCL (sometimes using other names for the approach e.g. Computer Supported Collaborative Argumentation,
Argumentative Computer-Supported Collaborative Learning, Computer-Supported Argumentation-Based Learning, etc.), but
no overview of this research is currently available. The purpose of this paper is to provide this overview and to synthesize the
findings. Whereas Scheuer et al. (2010) and Clark et al. (2010) provide extensive overviews of the technological environ-
ments supporting ABCSCL, this review aims to synthesize the influential and constitutional factors of ABCSCL that have been
investigated in the past 15 years.

1.1. Argumentation

Argumentation is an essential aspect of scientific thinking in education which is central to the process by which sci-
ence advances (Kuhn, 1993; Kuhn, Iordanou, Pease, & Wirkala, 2008). Argumentation is not restricted to one discipline
and has been the subject of study in various fields, being apparent in linguistics, philosophy, psychology, education,
communication, etc. and also recently in multidisciplinary and interdisciplinary domains (Van Eemeren, Grootendorst,
& Henkemans, 1996; Van Eemeren, Grootendorst, & Kruiger, 1987). Argumentation has been defined in various ways
in the literature. For example, Walton (1992, 1996, 2006) defines argumentation as a goal-oriented and interactive dialog
in which participants reason together to advance arguments by proving or disproving presumptions. Van Eemeren et al.
(1987, 1996) view argumentation as a verbal, social, and rational activity aimed at convincing a reasonable critic of the
acceptability of a standpoint by putting forward a constellation of one or more propositions to justify this standpoint.
Merriam-Webster’s Online Dictionary defines argumentation as the act or process of forming reasons, making inductions,
drawing conclusions, and applying them to the case in discussion. The common characteristic of all these definitions is
the use of argumentation as a means to rationally resolve differences of opinions, questions, and issues in critical discus-
sions (Jonassen & Kim, 2010).
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1.2. Argumentation theory

Although it is not entirely clear how the fundamentals of argumentation theory have matured over time, the most prom-
inent work on argumentation is built upon the Aristotle’s theory (Van Eemeren et al., 1996). Aristotle assumed that all
knowledge, insights, and opinions that arise in a rational thought are based on existing knowledge, opinions and insights
(Van Eemeren et al., 1987, 1996). Based on this assumption, he distinguished between various purposes or functions of argu-
mentation including didactic (apodictic), rhetoric, and dialectic (Andriessen, 2006; Van Eemeren et al., 1987, 1996). Didac-
tical argument refers to the foundational structure of knowledge or science, which is self-reliable based on apodictic
evidence which could lead to absolutely certain and reliable knowledge (Jonassen & Kim, 2010). Rhetorical argument refers
to a dialog between arguer and a real or imaginary audience with the aim of persuading or convincing others of a claim or
proposition that the arguer believes in (Jonassen & Kim, 2010). The most prominent application of rhetorical argumentation
was represented in Toulmin’s (1958) model, which is based on the ‘‘grammar’’ of argument, by analogy with the syntax of
the structure of a well-formed sentence. Toulmin proposed his model as an alternative to the standard interpretation of for-
mal logic, with the aim of analyzing real-world argumentation in natural language.

Despite the influential role of Toulmin’s model in the field of argumentation theory (e.g. in the analysis of written argu-
mentation, line of reasoning and inquiry), the application of this model in collaborative discourse is considered to be prob-
lematic. First, one can hardly find explicit and valid inferences according to the standards of formal logic argumentation
(Leitão, 2003). For example, it is difficult to distinguish warrant (which is mostly implicit) from backing (Jonassen & Kim,
2010). Second, when considering argumentation as a collaborative discourse phenomena, Toulmin’s model only considers
the proponent’s side and ignores the role of an opponent in the process of argumentation (Andriessen, 2006). Therefore,
the development of multiple perspectives, the pro and the contra, on the topic, which is the fundamental nature of argumen-
tative discourse (Schwarz, Neuman, & Biezuner, 2000), is underestimated in Toulmin’s model (Voss, Tyler, & Yengo, 1983).
For this reason, the dialectical form of argument known as dialogical or multi-voiced argument has been given more atten-
tion than rhetorical argument in the learning sciences. Dialectical argument refers to the situation in which proponents of
alternative claims resolve differences of opinions in critical discussions through dialog by convincing opponents (Jonassen &
Kim, 2010) or compromising on multiple claims (Driver, Newton, & Osborne, 2000).

A variety of dialectical models of argumentation has been introduced in the learning sciences. Sequential-dialectics (Lei-
tão, 2000) describe argumentation as the dynamic macro-level of argumentative dialog including arguments, counterargu-
ments, and integrations to promote the construction of valid knowledge in a collaborative discourse. Formal-dialectics (Barth
& Krabbe, 1982) view argumentation as a dialog between a proponent and an opponent around a certain topic. Pragma-dia-
lectics (Van Eemeren & Grootendorst, 1992, 1999; Van Eemeren, Grootendorst, & Henkemans, 2008) describe argumentation
as interaction between two parties to resolve differences of opinion by critically testing the acceptability of the standpoints
at issue. Dialog theory (Walton, 2000) views argumentation as the necessary steps of a dialog (i.e. persuasion, inquiry, nego-
tiation, information-seeking, deliberation, and eristic) that a proponent and an opponent may follow for reasoning together.
The common feature of these dialectical models is that they give just as much weight to counterarguments as to the original
argument. As stated by Osborne (2010, p. 463) ‘‘knowing what is wrong matters as much as knowing what is right’’. This is
why dialogic forms of argumentation have been considered to be more applicable in the learning sciences (Jonassen & Kim,
2010) than rhetorical argumentation, which mostly covers areas such as theoretical linguistics, psycholinguistics, and com-
putational linguistics (Taboada & Mann, 2006a, 2006).

1.3. Collaborative Argumentation-Based Learning

Advocates of dialog theory view argumentation as a means to engage learners in a collective exploration of a dialogical
space of solutions (Andriessen, 2006). In this approach, learning partners are supposed to collectively contribute reasons and
evidence from different viewpoints in order to build up a shared understanding of the issue instead of merely convincing or
changing their own and each other’s attitudes (Baker, 2009; Chinn & Anderson, 1998). This approach is named Collaborative
Argumentation-Based Learning (CABLE), which is based on the collaborative value of arguments as a contribution to the dia-
log with the goal of learning. Baker (2009) argues that the point of CABLE is not necessarily changing learners’ beliefs or atti-
tudes, but rather to broaden and deepen their views and to make them more reasoned and reasonable, which will enable
them to understand each other’s perspectives. When argumentation is perceived as competitive for learners, it is likely that
they will merely engage in what Asterhan and Schwarz (2009) call a ‘‘debate-type win-lose situation’’ in which they try to
refute their opponents’ views and prove the superiority of their own arguments. Argumentation can effectively contribute to
learning when it is not used as an adversarial means for competition and/or for convincing learning partner(s) (Andriessen,
2006; Asterhan & Schwarz, 2009). This approach is supported by literature indicating the positive effects of collaborative
argumentation on various learning mechanisms, e.g. reasoning (e.g. Kuhn, Shaw, & Felton, 1997; Reznitskya et al., 2001),
co-elaboration of new knowledge (e.g. Schwarz & Glassner, 2007), conceptual learning (e.g. Asterhan & Schwarz, 2007),
and problem solving (e.g. Cho & Jonassen, 2002).

Despite the fact that argumentation is shaped in social conversation and also in learners’ online exchanges in daily life
(e.g. Beach & Doerr-Stevens, 2009), learners need to be taught to reason properly and generate well-established interactive
argumentation that is beneficial for collaborative learning in an academic context (Kuhn, 1991, 1992, 2005, 2009; Kuhn &
Udell, 2003, 2007). There could be several reasons for the need of instruction on how to argue in academic settings. First,
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learners may ignore or not accept the opposing views of learning partner(s) due to incompatibility with their own ideas on
the issue at stake (Jonassen & Kim, 2010). Second, learners typically avoid generating counter-arguments against learning
partners(s)’ arguments. This could be due to a lack of knowledge about the opposing views (Leitão, 2003) or to a fear of losing
face or getting into a fight with the learning partner(s) (Andriessen, 2006). Third, learners may perceive critiques and count-
erarguments as personal attacks rather than constructive feedback (Rourke & Kanuka, 2007). Last but not least, learners tend
to support their own points of views instead of producing counter-arguments against the opposing views since they think
that providing counterarguments against opponents’ arguments make their own arguments less persuasive (Nussbaum &
Kardash, 2005; Stein & Bernas, 1999). All these difficulties imply that when designing CABLE in educational settings consid-
eration must be given to developing certain characteristics that will enable learners to engage in well-established and inter-
active argumentation which is beneficial for collaborative learning. Various approaches have been applied in educational
settings to facilitate CABLE by teaching learners how to argue properly. The most prominent recent approach is the use of
online support systems to support collaborative argumentation.

1.4. Argumentation-Based Computer Supported Collaborative Learning

Over the last 15 years, computer support systems for CABLE known as Argumentation-Based Computer Supported
Collaborative Learning (ABCSCL) have been found to support the sharing, constructing and representing of arguments in
multiple formats. ABCSCL settings have been considered as an important instructional technology aimed at scaffolding
and structuring argumentative learning (Jeong & Lee, 2008), fostering in-depth discussions (Andriessen, Baker, & Suthers,
2003), and thereby helping learners to achieve a deeper understanding and productive arguments (Buckingham-Shum,
2003). ABCSCL systems allow for scaffolding of critical discourse and argumentation processes by means of a variety of
approaches (Jeong & Lee, 2008). To support learners in focusing on specific content, argumentation must be framed, scaffold-
ed and guided by external representations (e.g. Belland, Glazewski, & Richardson, 2008; Mirza, Tartas, Perret-Clermont, & De
Pietro, 2007). Many studies have shown the benefits and advantages of ABCSCL in terms of constructing knowledge, gaining a
comprehensive understanding, cognitive development, and solving complex problems (e.g. Andriessen et al., 2003; Kirsch-
ner, Buckingham-Shum, & Carr, 2003). A variety of scaffolding approaches (e.g. shared workspaces, game-based learning,
awareness features, knowledge representations, collaboration scripts, etc.) has been developed in ABCSCL settings.

Despite the variety of instructional approaches available, learners may still have difficulty arguing in rich ABCSCL envi-
ronments (Van Amelsvoort, 2006; Van Bruggen & Kirschner, 2003). For several reasons, the use of ABCSCL does not neces-
sarily lead to productive argumentation and discussion (e.g. Kirschner, 2002). Firstly, since an argument or the nature of
argument is in fact complex and not linear (Toulmin, 1958), it is not a simple task to broaden and deepen the space of
debate during sequential linear discussion (McCutchen, 1987). Secondly, the lack of social context cues such as physical
form, accent, tone of voice, eye contact and group identity may reduce the interest and willingness of learners to discuss
and argue, thereby leading to process losses in ABCSCL (Coffin & O’Halloran, 2009). Thirdly, ABCSCL may create an
additional burden for learners because of complexities and demanding tasks involved in problem-solving activities (Van
Bruggen, 2003). Learners rarely respond to one another’s points and tend to repeat points already constructed by others
(Koschmann, 2003); they may thus refuse to challenge arguments made by peers (Nussbaum, 2002), resulting in narrow
discussions with low quality (Pena-Shaff, Martin, & Gay, 2001) and low consistency (Brooks & Jeong, 2006).

Given the aforementioned difficulties and complexities, achieving desired learning processes and outcomes in CABLE
requires well-designed ABCSCL settings. These complexities and difficulties can be tackled or at least minimized by taking
into consideration various factors that influence and constitute ABCSCL environments. Ignoring or neglecting these factors
can have a negative impact on the quality of learning processes and outcomes. So far, only limited attempts have been
made to synthesize factors that have been studied in the body of ABCSCL scholarship. Therefore, in light of recent
literature, this review proposes a framework for criteria that need to be met in ABCSCL and suggests areas in which more
research is required.

2. Conceptualizing the review

A preliminary review of a number of main publications in this field (e.g. Dillenbourg & Hong, 2008; O’Donnell & Danse-
reau, 1992; Tchounikine, 2008) showed that no specific framework is available for analyzing and synthesizing ABCSCL re-
search. Therefore, we selected Biggs (2003) model of teaching and learning in universities as a frame of reference in this
study. Biggs’ model consists of the four main categories of analysis of the teaching and learning process in higher education:
student, learning environment, learning process, and learning activities and outcomes. These factors are also pertinent for
ABCSCL. As students differ, and the ways in which they navigate through ABCSCL environments differ as well, the student
was taken as the first category of analysis. ABCSCL is a certain learning environment, and as diverse variations exist, we
selected the learning environment itself as the second category of analysis. The learning process is envisaged by the design-
ers of the ABCSCL environments, but the question is whether, and if so to what extent, learners follow that process. Therefore
the learning process was taken as the third category of analysis. The last category, the learning outcome, is the result of
interaction between learning environment, student and learning process. ABCSCL is seen as a teaching and learning approach
aimed at improving the quality of learning outcomes.
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Although Biggs created his model independently from ABCSCL, the model is very useful for systematic reviews of educa-
tional research (Spelt, Biemans, Tobi, Luning, & Mulder, 2009). In line with Biggs’ model, we consider teaching and learning to
be an interactive process, whereby the components student and learning environment (presage level) and learning process
(process level) determine the component learning outcomes (product level). However, instead of using presage, process and
product as in Biggs’ model, we use the terms precondition, development and product to designate levels in teaching and
learning in ABCSCL environments. The components student and learning environment are seen as preconditions that need
to be taken into account in ABCSCL (precondition level). Precondition requirements determine the processes and activities
that students undertake to accomplish tasks (development level). At this level, students need to discuss and argue in a proper
way in order to solve the given task. This argumentation and discussion leads to the learning outcomes in ABCSCL environ-
ments (product level). According to Biggs (2003) model, effective learning takes place in a whole system when all component
parts of this system support each other and are interdependent. This is in line with teaching and learning in ABCSCL
environments, in which all four components need to be considered as a whole for successful and high-level learning. Such
a model emphasizes the interactive nature of learning, which enables curriculum developers to gain a comprehensive under-
standing of teaching and learning in ABCSCL.

The purpose of this review is to synthesize influential and constitutional factors of ABCSCL that have been investigated by
clustering them into Biggs’s model. Using the outcome-based perspective of Biggs (2003) theory, four research questions
were formulated:

(1) Which student conditions that influence ABCSCL have been investigated?
(2) Which learning environment conditions that influence ABCSCL have been investigated?
(3) Which learning process conditions that constitute ABCSCL have been investigated?
(4) What evidence is available regarding the relationship between ABCSCL and learning outcomes?

3. Method

3.1. Criteria for inclusion

For this review, we adapted a narrative analysis approach to identify current trends in ABCSCL and also to address prac-
tical implications and avenues for future research. In narrative reviews, researchers seek to systematically integrate the state
of knowledge concerning the topic of interest and to highlight important issues that research has left unresolved (Van Din-
ther, Dochy, & Segers, 2011). Following Slavin (1986), researchers should make the search criteria and the criteria for inclu-
sion explicit regardless of the type of review (e.g. narrative, traditional, and best-evidence synthesis). Four inclusion criteria
were employed for searching and collecting relevant publications. Firstly, publications were selected for their relatedness to
ABCSCL. Secondly, each had to have been published in a peer-reviewed journal to obtain scientific fidelity. Thirdly, only Eng-
lish publications were employed in this study, since the majority of research on ABCSCL is published in international journals
in English. Finally, the time span was restricted to publications from 1995 through 2011, the period in which most ABCSCL
research has been produced.

3.2. Literature search

A systematic search strategy was used based on four concepts that overlap in ABCSCL, namely learning, argumentation,
collaboration and computer support. In a first step we identified synonyms or related terms using Merriam-Webster’s Online
Thesaurus in combination with the reviews of Scheuer et al. (2010) and Clark et al. (2010). In a second step, we combined the
related terms with the Boolean operators OR and the four overlapping concept areas with AND to arrive at the following
search string: Learn⁄ AND Argument⁄ AND coll⁄ OR coop⁄ OR group⁄ AND CSCL OR online OR computer OR hypermedia OR tech-
nology-enhanced learning. A wide variety of computerized databases was searched from April 2009 through April 2010,
namely Educational Resources Information Center (ERIC), Scopus, the Science Citation Index Expanded (SCI-EXPANDED),
the Social Sciences Citation Index (SSCI), and the Arts & Humanities Citation Index (A&HCI), the latter three of which were
provided by the Web of Science�.

3.3. Identification of relevant publications

This search yielded more than 300 publications. After screening titles, abstracts and if necessary the full text of the arti-
cles, a number of publications were removed that did not: (1) address collaborative learning, i.e. studies focused on computer-
assisted/aided/mediated/supported/based instruction and other forms of learning (e.g. digital learning module) in which
individuals interacted only with the computer; (2) address educational purposes, i.e. studies on online argumentation or dis-
cussions with no clear educational purpose or studies on the use of computer networks for simple chatting and discussions;
(3) investigate learning processes or outcomes, i.e. studies with a technical focus on educational platforms.

Further screening was carried out to distinguish between publications focused on mere collaborative learning and collab-
orative argumentation. Since dialogical forms of argumentation could be more applicable than others in educational settings
(see Andriessen, 2006; Baker, 2009; Jonassen & Kim, 2010), we included any study in which argumentation was used by
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learners as a means to collectively resolve differences of opinion in critical discussions through dialog. Based on theoretical
notions of collaborative argumentation, we excluded studies merely focusing on collaborative learning, in which learners
only put different parts of the puzzle together instead of contributing reasons and evidence in a collective exploration of pos-
sible solutions around the topic at stake. With respect to conceptual publications, we removed publications in which argu-
mentation was not an essential part of the theoretical background or the core of the article was not on instructional support
that improves CABLE. Furthermore, since there is both theoretical and empirical evidence for the use of argumentation in
non-competitive situations for learners in educational settings (e.g. Andriessen, 2006; Asterhan & Schwarz, 2009; Chinn &
Anderson, 1998), we excluded studies in which argumentation was used as a means for competition to convince partners
of the superiority of one’s own arguments instead of using collaborative values of arguments with the goal of learning.

The identification process was carried out by two researchers independently to guarantee the inclusion of relevant and
exclusion of irrelevant publications, resulting in 73 included publications at this stage. The overlap of the two researchers’
decisions was sufficient (Cohen’s Kappa = 0.85). The discrepancies were resolved through discussion. In a final step, we ap-
plied a snowball method and reviewed the reference lists of the selected publications, which resulted in 35 further publica-
tions in peer-reviewed journals to include in the review. We acknowledge that there are also important books, book
chapters, and dissertations in this field but we do not know how the review process has been carried out with these publi-
cations. Therefore, in the actual review, we just included journal articles that guarantee a high level of quality, e.g. through
the peer review process. However, we consulted books, book chapters, and dissertations (whenever needed using the snow-
ball method) in order to further accumulate the state of knowledge and specific issues in ABCSCL without including them in
the quantitative and quantitative analyzes. This review is not limited to empirical studies, since the intention was to support
the results of empirical studies with conceptual literature. Focusing on only the educational empirical studies could have
yielded an incomplete picture of the state of ABCSCL research. Therefore, conceptual papers in ABCSCL research were in-
cluded to produce an accurate representation of this body of knowledge under a number of research paradigms. The search
strategy and identification process were not limited to a single domain of interest, however, publications related to computer
science and its technical aspects were excluded as they had been previously covered in other reviews.

3.4. Quantitative description of scientific research into ABCSCL

Applying the systematic search strategy, 108 publications were deemed eligible for inclusion in this review. A complete
list of publications that were included in the review is distinguished by asterisks in the Reference section. Eighty-nine of the
selected publications provide empirical data on ABCSCL phenomena, while 19 articles are conceptual, focusing mostly (about
90%) on fundamental theories to describe a variety of pedagogical phenomena under examination in ABCSCL. The remaining
conceptual publications put forward the fundamental theories to describe methodological issues for analyzing ABCSCL pro-
cesses and outcomes. The empirical publications outnumbered the conceptual papers for this review without any manipu-
lation. Empirical articles on ABCSCL are mostly published in peer-reviewed journals, whereas most conceptual and
theoretical works in this field are published as books and book chapters. Thus, more empirical articles were likely to be found
than conceptual ones as we only included journal publications. A complete list of empirical publications is provided in Ta-
ble 1, categorized by author(s); the year reported; participants; educational level; group size; name and functionalities of the
platform; and research focus on learning processes and outcomes.

The majority of relevant publications (more than 90%) were published in peer-reviewed journals in the 21st century, lar-
gely in recent issues of the journals listed in Table 2. As expected, the International Journal of Computer Supported Collab-
orative Learning, Computers and Education, and Computers in Human Behavior were on top of the list due to their vast
coverage of the focal point of this review. The remaining publications were found in different journals of various disciplines,
e.g. Educational Psychology, Technology, Development, and Research.

Thirty-seven (of the 89) empirical publications are experimental lab studies. The remaining 52 studies were designed in
quasi-experimental field settings with little or no control over the allocation of the treatments or instructional interventions
being studied. The majority of empirical studies (59 publications) used quantitative methods to analyze ABCSCL processes
and outcomes; only 7 exclusively used qualitative methods (e.g. surveys, interviews, and observations), and 23 used both
qualitative and quantitative methods. The educational context of the empirical studies varied among students in primary
(4 publications) and secondary (29) schools, and students in various levels of university studies (56). ABCSCL is used in dif-
ferent curricula both in hard subjects (30 empirical studies) such as mathematics, chemistry, physics, medicine, and biology
as well as soft subjects (59 empirical studies), namely Gamma science i.e. social science, humanities, psychology, and eco-
nomic. Fifty-seven empirical publications reported on the learning processes and activities in ABCSCL, only 4 studies focused
on learning outcomes, and 28 publications studied both learning processes and outcomes.

With regard to the size of the collaborative groups studied, our review shows that researchers have been mostly inves-
tigating dyads of learners (42 empirical studies). In 14 studies, triads were formed to work in ABCSCL, while in 11 studies
groups of four and in 22 studies large (more than four) or mixed groups were investigated. Fifty-two studies used synchro-
nous modes of communication and 37 studies used asynchronous modes. The majority of ABCSCL experimental studies have
been conducted in the USA (28 empirical studies) and in Europe, i.e. The Netherlands (21), Germany (11) and Finland (8 pub-
lications). ABCSCL has been studied at least once in several other countries, e.g. France, Belgium, Singapore, Norway, Taiwan,
Canada, Argentina, Switzerland, Turkey and UK. Table 3 summarizes these quantitative results in a table format.
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4. Results and discussion

4.1. Exploration of research questions

This step involved extracting factors of ABCSCL that have been investigated from the reviewed publications and
categorizing them into four inter-related components (student; learning environment; learning process; and learning
outcomes) based on Biggs (2003) model (see Fig. 1). The component student can be divided into characteristics brought
into the ABCSCL by the student including his or her traits (gender, openness to argue, learning style, willingness to argue,
and internal argumentative script), prior knowledge and skills (argumentation and collaboration skills, prior knowledge,
and computer skills). Each student has his/her own characteristics that are used for arguing, discussing, analyzing,
conceptualizing, synthesizing and concluding along with his/her partners while solving learning tasks in ABCSCL. At the
precondition level, learning environment addresses situational characteristics in ABCSCL that are set by curriculum
developers, i.e. resources and settings (learning task, group composition, group size, and CSCL platform) and instructional
support (knowledge representations and collaboration scripts). At the precondition level, orchestration of successful

Table 2
Outlet overview of the reviewed publications.

Name of the journal Number of publications

International Journal of Computer-Supported Collaborative Learning 17
Computers and Education 11
Computers in Human Behavior 10
Journal of the Learning Sciences 8
Instructional Science 6
Computer Assisted Learning 6
Educational Technology Research and Development 6
Learning and Instruction 4
British Journal of Educational Technology 3
Educational Computing Research 3
Contemporary Educational Psychology 3
International Journal of Science Education 3
Other Journals 28

Table 3
Quantitative data description of the reviewed empirical publications.

Variables Items Number of publications Percentage

Type of publication Conceptual 19 18
Empirical 89 82

Type of analysis Quantitative 59 66
Qualitative 7 8
Mixed 23 26

Subject Hard science 30 34
Soft science 59 66

Research focus Learning processes 57 64
Learning outcomes 4 5
Mixed 28 31

Group size Dyad 42 47
Triad 14 16
Four per group 11 12
Large or mixed groups 22 25

Design Quasi-experimental 52 58
Control-based 37 42

Educational level Primary 4 5
Secondary 29 32
University 56 63

Mode of communication Synchronous 52 58
Asynchronous 37 42

Country of experiment USA 29 33
Netherlands 21 24
Germany 11 12
Finland 8 9
Others 20 22
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ABCSCL environments depends on the manipulation of multiple representations of both technological settings and
instructional interventions. The development level consists of learning processes (construction of single arguments and
argumentation sequences) and activities (learning activities and learning activities and scaffolding). Learners approach
tasks differently depending on the technological settings and instructional interventions. At the product level, learning
outcomes are based on the expected learning goals. These include knowledge construction, which can be the acquisition
of both domain-specific and domain-general knowledge, e.g. knowledge on argumentation as well as complex problem-
solving. Based on the research questions, components and sub-components of an ABCSCL framework (see Fig. 1) are
identified in the following paragraphs.

4.2. Which student conditions that influence ABCSCL have been investigated?

This section presents findings that are related to the student in ABCSCL, including students’ traits and prior knowledge
and skills.

4.2.1. Students’ traits
The examined sub-components of students’ traits in ABCSCL are gender, openness to argue, learning style, willingness to

argue, and internal argumentative script.

4.2.1.1. Gender. There are mixed findings regarding the gender effects on learning processes and outcomes in ABCSCL. Some
studies could not find differences between male and female learners in terms of interaction patterns, i.e. participation, expla-
nations and counter-arguments (e.g. Jeong, 2006a), whereas in a study by Prinsen, Volman, Terwel, and Van den Eeden
(2009), males participated less than females in terms of number of words per message and elaboration of the responses.
In a study by Prinsen, Volman, and Terwel (2006), females’ messages contained more words and were more ‘information-
requesting’ and less ‘explanation-providing’ than males’ messages, whereas males disagreed with others more often than
females. In another study, males posted nearly twice as many rebuttals in response to critique and disagreements than fe-
males (Jeong & Davidson-Shivers, 2006). A study by Erkens and Janssen (2008) showed that females communicate differently
than males do: they use more affiliative language (responsive and argumentative dialog acts), whereas males use more
assertive language (informative and imperative dialog acts).

4.2.1.2. Openness to argue. Openness to argue refers to the extent to which a learner is curious and open to elaborating on
new elements in conversation to foster deeper understanding. In ABCSCL, openness to argue is associated with how and
how often learners respond to challenges and disagreements that help them to generate deeper and more critical discussions
(Jeong, 2007). The level of participants’ openness toward argumentation plays a role in how they respond to critique and
challenges. There is a connectivity among participants’ characteristics (gender, openness to argue, and argumentation pat-

Precondition ProductDevelopment

-Gender 
-Openness to 
argue 
-Learning style 
-Willingness to 
argue 
-Internal 
argumentative 
script 

-Argumentative 
and collaboration 
skills 
- Prior 
knowledge 
-Computer skills 

Student 

-Knowledge 
representation  
- Computer 
supported 
collaboration 
Scripts 

Learning 
environment 

-Learning task 
-Group 
composition 
-Group size 
-CSCL platform 

Prior knowledge and skillsStudents’ traits

Resources and settings
Instructional support

Domain-general knowledge

Complex problem solving

Learning 
Outcomes 

Domain-specific knowledge

Learning processes 
and activities 

-Learning activities  
-Learning activities and 
scaffolding 

-Construction of single 
arguments  
-Construction of 
argumentation se q uences

Learning process

Learning activities

Fig. 1. ABCSCL framework based on reviewed publications (adapted from Biggs (2003)).
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terns) regarding the number of rebuttals sent in reaction to direct challenges. Gender was shown to play a key role in medi-
ating the effects of openness while posting rebuttals in reply to critique (Jeong, 2007). The level of openness had an effect on
the number of rebuttals sent in reply to critique of male participants but not of female participants (Jeong, 2007; Jeong &
Davidson-Shivers, 2006). Furthermore, the more open male students posted nearly twice the number of counter-arguments
than the less open male students, whereas the more open female students posted fewer personal rebuttals to direct chal-
lenges, disagreements, and critique than less open female students.

4.2.1.3. Learning style. Learning style is associated with the characteristic affective, cognitive and psychological behavior
that is a relatively stable indicator of how each learner perceives, interacts with and responds to the learning environ-
ment (Keefe, 1979). There is evidence that learning style could influence the level of knowledge construction. Having a
strategic or deep learning style yielded a higher level of knowledge construction than having a surface approach (Schel-
lens, Van Keer, De Wever, & Valcke, 2007). In a study by Jeong and Lee (2008), students’ learning styles affected the
quality of critical discourse, process-oriented strategies and critical inquiry. Higher levels of critical discourse were
achieved by students with a higher ratio of reflective to active learning styles. A review analysis showed that insufficient
attention has been paid to learning styles in CSCL (Gress, Fior, Hadwin, & Winne, 2010), and as a result little is known
about learning styles in ABCSCL.

4.2.1.4. Willingness to argue. Willingness to argue refers to the extent to which learners approach or avoid arguments (In-
fante & Rancer, 1982). It is associated with the learners’ level of assertiveness, which may determine whether they en-
gage in or avoid critical discussions and arguments (Nussbaum & Bendixen, 2003). Some learners may be reluctant to
oppose and disagree with their peers, while others may not appreciate being challenged themselves (Nussbaum, Hartley,
Sinatra, Reynolds, & Bendixen, 2004). The less assertive students were shown to engage less in arguments due to the
competitive and disagreement aspects of argumentation (Nussbaum, Sinatra, & Poliquin, 2008). Nussbaum et al.
(2008) linked students’ epistemological beliefs to specific aspects of argumentative learning, i.e. problem solving, inter-
preting controversial information and conceptual change related to students’ willingness to engage in argumentation. In
their empirical study, pairs of students were classified epistemologically as relativists (who perceive knowledge as
simple, certain, and fixed), multiplists (who perceive knowledge as subjective and contextual), or evaluativists (who
perceive knowledge as verified true belief) in discussions of physics concepts over a web discussion board. Multip-
lists were less critical regarding inconsistencies and misconceptions and less interactive with their partners than
other belief groups, whereas evaluativists were more critical and active to elicit information from their partners.
Evaluativists solved one of the physics problems more accurately while tending to demonstrate fewer misconceptions.
In a study by Oh and Jonassen (2006), a negative relationship between simple knowledge and individual performance
was found. This implies that individuals who believe in simple knowledge may be less inclined to explore more solution
alternatives.

4.2.1.5. Internal argumentative script. An internal argumentative script (prior procedural knowledge) is a set of knowledge
and strategies that determines how a person will act in and understand particular situations, e.g. an argumentative sit-
uation (Carmien, Kollar, Fischer, & Fischer, 2007; Kollar, Fischer, & Slotta, 2007). In ABCSCL, for each individual this pro-
cedural knowledge is cognitively structured in the form of scripts based on prior repeated experience with
argumentative situations (Kollar et al., 2007). In collaborative argumentation, the approach to measure internal argu-
mentative scripts is based on the inter-individual differences with respect to their degree of structuredness of argumen-
tation (Andrew & McMullen, 2000). For example, as an indicator of a highly structured internal script, some individuals
may be good at giving explicit reasonable evidence and reasons in arguments (Kollar et al., 2007); others might know
how to attack an argument by creating counterarguments (Carmien et al., 2007). As an indicator of a poorly structured
internal script, some individuals might not be good at backing up their arguments with evidence or examples; others
might try to persuade their partner by producing arguments that do not connect to the partner’s arguments (Kollar
et al., 2007). Internal argumentative scripts are thus very flexible and vary between individuals (Carmien et al.,
2007). In contrast, external scripts are embedded in the external surroundings of learners, not in the learners’ cognitive
system, with the aim of providing learners with guidelines for desired or undesired actions (Kollar, Fischer, & Hesse,
2006). External scripts are likely to be either gradually internalized or they fade over time (Kollar et al., 2007). External
scripts can be used in two ways: The first approach aims at the internalization of the externally scripted activities, which
helps learners accomplish their tasks by being continuously accessible in the learning environment (Carmien et al.,
2007). This has been termed ‘‘scaffolding approaches to scripting’’ (Pea, 2004) or ‘‘tools for learning’’ (Carmien et al.,
2007). The second approach uses external aids for better understanding of complex domain concepts or processes, which
persuades learners to utilize learned skills without external support being provided through fading mechanisms (Carm-
ien et al., 2007). This has been termed ‘‘distributed intelligence approaches to scripting’’ (Pea, 2004) or ‘‘tools for living’’
(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 argumentative script must be taken into account for designing exter-
nal scripts in ABCSCL. The reason is that internal scripts brought into ABCSCL by different individuals can be comple-
mented only by different external scripts (Carmien et al., 2007).
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4.2.2. Prior knowledge and skills
The examined sub-components of students’ prior knowledge and skills in ABCSCL are argumentation and collaboration

skills, prior knowledge and computer skills.

4.2.2.1. Argumentation and collaboration skills. Argumentation and collaboration skills are essential in ABCSCL for learners to
assess the strengths and weaknesses of other participants’ standpoints (e.g. Marttunen & Laurinen, 2001, 2009). It is ex-
pected that learners with better argumentation skills will use more counter-arguments, produce more alternative perspec-
tives and engage in more critical thinking and reasoning (Kuhn & Goh, 2005). The lack of prior argumentation and
collaboration skills yielded surface levels of communication and argumentation in complex problem-solving designs (Beers,
Kirschner, Boshuizen, & Gijselaers, 2007). In order to become fully engaged in ABCSCL, learners may need some prior expe-
rience with argumentation and collaboration skills. Veerman (2003) stated that less-confident learners sometimes show
insufficient engagement in elaborating intricate arguments, since they lack confidence and see themselves as less knowl-
edgeable than others. Learners with low argumentation and collaboration skills and therefore less confidence are afraid that
others may refute their opinions, and they therefore hesitate to oppose others’ arguments (Andriessen, 2006; Koschmann,
2003). Furthermore, some learners have strong viewpoints but are not able to elaborate them effectively (Andriessen,
2006). A study by Marttunen and Laurinen (2001) revealed that argumentation skills can be promoted by text-based knowl-
edge representation and that practicing develops argumentation skills. Moreover, in practicing academic argumentation via
e-mail, the student-led mode was more effective than the tutor-led mode with respect to promoting argumentative dialog
skills (Marttunen, 1997, 1998).

4.2.2.2. Prior knowledge. Many publications focus on the idea that a lack of or varying levels of prior knowledge about a topic
might hinder learners from arguing effectively. Andriessen et al. (2003) contented that ‘‘confronting cognitions’’ (i.e. prior
knowledge in peer interaction) affect learning outcomes. They claimed (cited in Schwarz & Linchevski, 2007, p. 512) that
‘‘peers may disagree on the solution to a problem as a consequence of their previous different knowledge and accommodate
their divergent views to elaborate new knowledge; they may co-elaborate new knowledge through collaboration if their pre-
vious knowledge does not engender contradictions; may remain stuck if their previous knowledge is not developed enough
even if they disagree, etc.’’ To converge various learners’ levels of knowledge, additional information about the given task, e.g.
presentations and hand-out materials, should be given to learners (Clark, Sampson, Weinberger, & Erkens, 2007). Having
adequate background knowledge of the issue could enhance the quality of collaborative argumentation (Golanics & Nuss-
baum, 2008). Assessing prior knowledge is important since the concept of ABCSCL is based on the assumption that individ-
uals can take advantage of group processes and knowledge that is supposed to be distributed among partners. Learning
partners are seen as additional learning resources when they contribute unshared prior knowledge to the discussion, which
may eventually be shared after collaboration (Weinberger, Stegmann, & Fischer, 2010).

4.2.2.3. Computer skills. For working in ABCSCL, learners need a minimum level of computer proficiency, since it likely influ-
ences their willingness to work in computer-supported settings. There is not much evidence in the reviewed publications
about computer proficiency in ABCSCL. However, in a study by Prinsen et al. (2006), it was concluded that learners’ levels
of computer proficiency is important in relation to the degree to which they participate in discussions. Rummel and Spada
(2005) followed this line of reasoning when excluding learners from their study who lacked minimum technical skills. In
some studies (e.g. Beers, Boshuizen, Kirschner, & Gijselaers, 2005; Beers et al., 2007), learners participated in a training
and exercise session before starting real experiments in order to maximize the likelihood of success in ABCSCL.

4.3. Summary and critique

There is a small but growing body of research focusing on learners’ characteristics in ABCSCL. The results from reviewed
publications are not consistent in terms of gender effects on learners’ performance in ABCSCL. However, results have consis-
tently shown that women write messages containing a higher number of words and they respond more elaborately, while
men post more rebuttals in response to critique and disagreements. A student’s level of openness also affects the frequency
of posting rebuttals to direct challenges in ABCSCL. Gender and level of openness are thus related in this regard, especially in
the sense that more open male learners construct counter-arguments and disagreements more often than less open male
learners. Therefore, one should pay attention to the participants’ gender while investigating the effects of level of openness
on learners’ performance in ABCSCL.

Few studies investigated the effects of learners’ learning styles on performance in ABCSCL. Learning style was shown to
influence knowledge construction, process-oriented strategies, critical discourse and inquiry (Jeong & Lee, 2008; Schellens
et al., 2007). Given the results of those two studies and the fact that each learner has his/her own learning style and strat-
egies to perform in ABCSCL, there is thus a need for more research that systematically addresses how learners’ learning styles
are related to argumentative patterns. Learners may also differ in their willingness to engage in argumentation. For example,
some learners appear to be reluctant to accept their peers and partners’ ideas and opinions about a topic, while others may
prefer to listen rather than actively participate in discussions and argumentation. There is agreement among scholars that
willingness to argue affects how learners engage in argumentative activities while solving ill-structured diagnosis-solution
problems in ABCSCL. More importantly, different individuals hold different internal argumentative scripts. For some learners
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it might be an easy task to challenge a peer’s arguments through counter-arguments, whereas for others it might be easier to
back up their arguments with more reasonable evidence and logic words rather than critiquing their peers. Before scaffold-
ing ABCSCL with external scripts, the current level of argumentative internal scripts of learners should thus be taken into
consideration. Researchers agree that learners must have at least a minimum level of collaboration and argumentation skills
as well as prior knowledge about the topic to be discussed in ABCSCL. Various approaches (e.g. presentation and hand-out
materials, providing guidelines, training, and exercises prior to discussion) can be used to compensate for the lack of learn-
ers’ prior knowledge and skills. Pre-evaluation of learners’ knowledge would enable course developers to provide adequate
and sufficient training for learners in ABCSCL. With adequate argumentation skills and prior knowledge, learners may still
fail to engage in argumentative activities in ABCSCL if they lack enough computer proficiency and skills. Few ABCSCL studies
focus on computer proficiency because today’s learners are generally expected to know how to work with computers.

4.4. Which learning environment conditions that influence ABCSCL have been investigated?

This section presents findings related to the learning environment condition in ABCSCL.

4.4.1. Resources and settings
The sub-components of resources and settings that have been studied are learning task, group composition, group size

and CSCL platform.

4.4.1.1. Learning task. Various aspects of task characteristics and their impact on learners’ performance in ABCSCL have been
investigated. An ill-defined task offers learners the chance to explore the space of debate in an extensive and broad way (Van
Bruggen, Boshuizen, & Kirschner, 2003; Van Bruggen, Kirschner, & Jochems, 2002). In a study by Veerman, Andriessen, and
Kanselaar (2002), a learning task consisting of optimal open-ended questions yielded successful interaction and argumen-
tation patterns. Ill-structured tasks require more interaction processes to establish a common ground than well-structured
tasks with a pre-defined solution path. Learners are more likely to engage in argumentative interactions with tasks that re-
quire them to discuss their findings and to exchange arguments than with learning tasks that do not explicitly call for argu-
mentation (Erkens & Janssen, 2008). Task complexity needs to be adapted to learners’ levels, however. Tasks that are too
straightforward and simple can lead to less motivation among students and tasks that are too complex and difficult yield
less discussion and a lower level of knowledge co(construction) especially among novice students (Schellens et al., 2007).
A topic of discussion which is part of a learning task should be arguable and debatable if learners are expected to express
their opinions, ideas and perspectives through reasoning, elaborating and arguing (Felton & Kuhn, 2001). Depending on
the degree of homogeneity of groups of learners in ABCSCL, topics of discussion should be designed in such a way as to max-
imize the likelihood of beneficial interactions for collaborative partners.

4.4.1.2. Group composition. Group composition refers to the homogeneity or heterogeneity of learners in a group based on a
variety of learners’ characteristics such as prior knowledge, gender, conflict ideas and opinions about the topic, learning
style, and epistemic beliefs. Many more studies have focused on the quality of group work and peer interaction patterns
in heterogeneous groups rather than in homogeneous ones (e.g. Ge, Yamashiro, & Lee, 2000; Spatariu, Linda, Hartley, & Hart-
ley, 2007) since it is likely that collaborative partners encounter wider perspectives and resources in heterogeneous than
homogeneous groups. This presumably maximizes the likelihood of beneficial interactions for learning (Clark, Stegmann,
Weinberger, Menekse, & Erkens, 2007).

Different criteria have been used for grouping students in collaborative learning environments. Kobbe et al. (2007) sug-
gest that groups can be composed according to independent learners’ characteristics (e.g. gender, age, nationality, educa-
tional background, and prior knowledge) or particular procedure for group formation mechanisms (e.g. number of
students in class, size of group, and their combination). A study by Jeong and Davidson-Shivers (2006) showed that group
composition in terms of gender influence argumentative activities. For example, females posted fewer rebuttals to the dis-
agreements and challenges of females than males, and males posted more rebuttals to the challenges of females. Some schol-
ars have categorized learning groups based on educational backgrounds, i.e. knowledge, ability and achievements (e.g. Liu &
Tsai, 2008; Schellens & Valcke, 2005). Ge et al. (2000) contend that placing high-level learners together in a group may ham-
per their collaboration efforts because they may move quickly to the aspects of the topic that interest them most and neglect
the other aspects of the topic that they are expected to elaborate on. A study by Jeong and Lee (2008) found that composing a
balanced mix of active and reflective learners enhances the performance of active learners by enabling them to exchange
critical messages, whereas their chance of enhancing the performance of critical discussions was not very high in groups
with only or mostly active learners. In some studies, groups were composed in terms of differing opinions (a conflict schema
approach known as personally seeded discussions) to ensure that multiple perspectives were present within the discussions
(Clark, D’Angelo, & Menekse, 2009; Clark & Sampson, 2007, 2008). The results showed that personally seeded discussions
successfully foster argumentation and therefore knowledge about the topic. In several studies (e.g. Beers et al., 2005,
2007; Rummel, Spada, & Hauser, 2009), positive learning outcomes were achieved when groups of students were composed
based on divergent disciplinary backgrounds. For example, A study by Rummel and Spada (2005) showed that disciplinary
heterogeneous grouping help learners acquire content-related knowledge during problem-solving activities. Here, dyads of
advanced medical and psychology students were composed to jointly diagnose the patients and to develop a therapy plan
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making use of their complementary expertise. Students indeed benefited from one another’s expertise since they could use
their partner(s) as a source for clarifications and deepening of knowledge. Establishment of common ground through nego-
tiation is crucial in such groups, however.

4.4.1.3. Group size. In addition to group composition, group size should be taken into account while designing ABCSCL envi-
ronments. According to Strijbos, Martens, and Jochems (2004), group size influences group performance and argumentation
patterns, since active participation can be much higher and common ground can be established much faster and easier in
dyads than in four-person groups. In a study by Schellens and Valcke (2006), higher quantity and quality of knowledge con-
struction as well as a higher degree of involvement were reported within smaller groups of students, whereas higher off-task
activities were observed within larger groups (consisting of three or more participants). Theoretically, learners in larger
groups could be exposed to a larger variety of arguments. In practice, free-riders can hinder the active participation of some
learners in large groups. Furthermore, turn-taking occurs less frequently in larger groups and learners in smaller groups have
more time to ask critical questions from their peer(s), which in turn leads to higher levels of knowledge construction.

4.4.1.4. CSCL platform. Both conceptual (e.g. Arnseth & Ludvigsen, 2006; Hirsch, Saeedi, Cornillon, & Litosseliti, 2004) and
empirical (e.g. De Vries, Lund, & Baker, 2002; Joiner & Jones, 2003; Lin & Crawford, 2007; Overdijk & Van Diggelen, 2008)
publications focus on specific aspects of the CSCL platform and their impacts on interaction and argumentation patterns
in order to justify the design principles. Strijbos, Martens, and Jochems (2004) suggested the following six design steps:
(1) determine the learning objectives, (2) determine the expected interaction, (3) select the task type, (4) determine how
much pre-structuring is needed, (5) determine group size, and (6) determine how affordances can be applied to support
interaction. One needs to carefully consider the introduction of any new tool taking into account both the requirements
of the task and the learning goals (Oh & Jonassen, 2006).

Many platforms have been introduced to support argumentation in ABCSCL. Asynchronous modes of communication
(e.g. ALLAIRE FORUM, KNOWLEDGE FORUM, COLLABORATORY NOTEBOOK, and DUNES), which featured in 46% of the pub-
lications in our review, provide learners with a platform for engaging in high-quality argumentative processes (Clark,
Sampson, et al., 2007); fostering task-oriented activities; and constructing well-conceived and accurate arguments
(Munneke, Andriessen, Kanselaar, & Kirschner, 2007). Synchronous modes of communication (e.g. TC3, SENSEMAKER,
VCRI, DUNES, DIGALO, DREW, BELVEDERE, NETMEETING, and DREWLITE), which featured in 54% of the publications in
our review, provide learners with a platform for coordinating and facilitating task-oriented activities (Janssen, Erkens,
Kanselaar, & Jaspers, 2007; Noroozi, Biemans, et al., in press; Noroozi, Busstra, et al., in press); fostering co-construction
argumentative activities (Clark, Stegmann, et al., 2007b); and engaging in deep and elaborated arguments (Munneke
et al., 2007). In a study by Clark, Stegmann, et al. (2007b), asynchronous modes of communication were found to provide
all learners with an equal opportunity to construct well-conceived and elaborate arguments, whereas learners using syn-
chronous modes achieved a high degree of integration and construction of arguments and discussions. Furthermore, syn-
chronous discussions in NetMeeting and Belvédère were found to be more argumentative than asynchronous discussions
in Allaire Forums (Veerman et al., 2002). Due to the time constraint in synchronous environments, learners may jump to
conclusions and ask less elaborate questions, whereas asynchronous environments provide learners with more opportu-
nities for asking elaborate questions in order to attain a profound understanding of the problem (Veerman, 2003;
Veerman et al., 2002).

4.4.2. Instructional support
The sub-components of instructional support that have been investigated are external knowledge representations and

collaboration scripts. These have appeared in conceptual publications (e.g. Kirschner, Beers, Boshuizen, & Gijselaers, 2008;
Kirschner, Strijbos, Kreijns, & Beers, 2004) and empirical studies (e.g. Van Drie, Van Boxtel, Erkens, & Kanselaar, 2005). These
instructional interventions have been manifested as stand-alone instructional tools or scaffolds to guide learners to engage
in specific activities, i.e. constrained message categories with and without labels (Brooks & Jeong, 2006), conversational lan-
guage (Jeong, 2006b), linguistic qualifiers (Jeong, 2005), input text fields (Baker & Lund, 1997), written prompts and argu-
mentation template (Li & Lim, 2008), and argument map (Morgan, 2006).

4.4.2.1. Knowledge representation tools. A variety of external knowledge representation tools has been proposed to represent
argumentation in ABCSCL (e.g. design-based approaches to support argumentation process by graphical representations, dis-
cussion-based tools to support dialogical argumentation of a group, and knowledge representation tools to support the con-
struction of rhetorical argumentation). IBIS (Issue-Based Information Systems) as a design-based approach 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). Graphical IBIS (gIBIS) is a hypertext-based environment
aimed at supporting and facilitating interactions and arguments between participants for issue-based communication, crit-
ical thinking, and solving complex problems (Conklin & Begeman, 1988). Application of the gIBIS model in computer-med-
iated settings can be seen in study done by Liu and Tsai (2008), who employed gIBIS as an argumentation tool to support
small group problem-solving activities. Discussion-based tools provide a less structured and explicit shared workspace such
as discussion threads, which allow learners to exchange arguments and maintain a common focus on argumentation
by tracing the discussion lines and signaling the different argumentation moves by node types (Van Bruggen et al., 2002).
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Knowledge representation tools have been implemented in the same instructional elements with a different representa-
tional structure. They can be used in a more graphical implementation in the form of schemes (Schwarz & De Groot,
2007), tables (Suthers & Hundhausen, 2003) or visualizations (Ding, 2009; Munneke, Van Amelsvoort, & Andriessen,
2003) or in a more textual implementation in the form of cues or prompts (Morris et al., 2010) or scripts (Weinberger, Steg-
mann, Fischer, & Mandl, 2007). When graphical representation tools offer content-specific support by illustrating important
aspects of the content, learners are asked to use the graphical features as a cognitive tool to modify the representational con-
text for accomplishing the task (Ertl, Kopp, & Mandl, 2008). The other form of knowledge representation that has been called
‘‘computer-supported collaboration script’’ offers collaboration-specific support.

Various types of knowledge representation tools have been introduced over the last 15 years. For example, whilst
Veerman et al. (2002) emphasized the benefits of writing argumentative texts, Van Amelsvoort et al. (2007) compared
the role different external representations (diagrams, matrices and text). In a study by Erkens, Jaspers, Prangsma, and
Kanselaar (2005), planning tools for writing (a shared argumentation diagram for content generation and a shared out-
line facility for content linearization) were shown to support the quality of argumentative text. In a study by Van Drie,
Van Boxtel, Jaspers, and Kanselaar (2005), there was no significant difference between a graphical representation (argu-
mentative diagram) and a linear representation (argument list) in terms of historical reasoning and outcomes. Matrix
users engaged more in talking about historical changes, whereas diagram users engaged more in finding a balance in
their argumentation. The expressions of opinion about arguments (for or against) can be increased by using graphs dur-
ing collaborative activity (Lund, Molinari, Sejourne, & Baker, 2007). Diagrammatic representations were shown to im-
prove collaborative learning but only when they are designed in such a way that students use them in a co-
constructive way rather than individually (Van Amelsvoort et al., 2007). In a study by Ertl, Fischer, and Mandl (2006),
conceptual support, namely structural visualization and socio-cognitive support were positively associated with learning.
In a study by Ertl et al. (2008), learners benefited more from a graphical content scheme than textually represented col-
laboration scripts. In a study by Janssen, Erkens, Kirschner, and Kanselaar (2010), higher quality construction of essays,
better-grounded arguments, and higher quality of knowledge construction were found with the Graphical Debate tool
compared with the Textual Debate tool. There was, however, little difference between the two conditions regarding
the online collaboration process. In another study, collaboration through chat discussions and argument diagrams not
only encouraged students to elaborate their previous arguments but also helped them to recall and create ideas and
arguments (Marttunen & Laurinen, 2007).

In a study by Fischer and Mandl (2005), learners benefited more from content-specific than content-unspecific repre-
sentation regarding both the process of collaborative knowledge construction and the quality of the collaborative solu-
tion by using more appropriate knowledge resources without sharing more knowledge after collaboration. Nevertheless,
for both groups a low range of knowledge convergence in terms of outcomes was achieved. The obtained knowledge
convergence was lower for factual than application-oriented knowledge. In another study by Fischer, Bruhn, Gräsel,
and Mandl (2002), no difference was found in terms of knowledge gain under the two visualization conditions. In several
studies by Nussbaum and colleagues (e.g. Nussbaum, 2008b; Nussbaum & Edwards, 2011; Nussbaum & Schraw, 2007;
Nussbaum, Winsor, Aqui, & Poliquin, 2007), the effects of Argumentation Vee Diagrams (AVDs) on the quality of stu-
dents’ argumentation, critical discussion and reasoning were investigated. Compared to a control group, the AVDs not
only enhanced the integration of arguments and counterarguments i.e. compromises but also fostered critical discussions
and reasoning. They argue that the strength of an argument is a function of how well a counterargument is approached
by refuting, discounting, or accepting, or by proposing a creative solution that eliminates possible objections (see also
Nussbaum, 2005, 2008a; Nussbaum et al., 2008). Well-designed graphical tools for argumentation include evaluating
and integrating both sides of an issue resulting in more elaboration of the possible arguments for and against a topic
at stake.

In summary, knowledge representation tools help learners clarify their arguments (Van Bruggen et al., 2002), keep their
arguments on track (Veerman et al., 2002), argue more effectively while considering all aspects and perspectives of a topic
(Suthers & Hundhausen, 2003), illustrate the structure of argumentation by giving a general overview (Schwarz, Neuman,
Gil, & Ilya, 2000), broaden and deepen the space of the debate (Van Amelsvoort, Andriessen, & Kanselaar, 2008; Van Amels-
voort et al., 2007) in order to argue in a more thorough way (Munneke et al., 2007), and discover new relationships and find
patterns of evidence (Suthers, 2001).

4.4.2.2. Computer-supported collaboration scripts. Scripts are complex instructions that stipulate the type and sequence of
learning activities to help group members collaborate and accomplish tasks. Scripts come in different forms (explicit or im-
plicit; graphically embedded in a CSCL tool or included in a teacher’s oral presentation or hand-out materials) (Kollar et al.,
2006) and can aim at different aspects of ABCSCL. Collaboration scripts provide detailed and explicit guidelines for collab-
orative partners to clarify what, when and by whom certain activities need to be executed (Weinberger et al., 2007). Episte-
mic scripts structure and sequence discourse activities with respect to the content and task strategies. Such a script provides
guidelines for students to appropriately engage in task-oriented activities. An argumentative script has to do with structur-
ing and formulating the construction of arguments. It provides guidelines for students to construct and formulate better-
elaborated arguments with warranting and qualifying claims. A social script specifies and sequences learners’ interactions
so that they can adopt adequate interaction strategies such as eliciting (asking critical questions to elicit information from
partners) and transactivity (responding critically to partners’ contributions).
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In a study by Schellens et al. (2007), content-oriented (epistemic) scripts facilitated the construction of declarative and
procedural knowledge and induced meta-cognitive activities. The communication-oriented (collaboration) scripts facilitated
interaction between participants and induced cognitive processes, which in turn influenced the meta-cognitive processes. In
a study by Rummel and Spada (2005), collaboration scripts fostered the acquisition of collaborative activities and interaction
skills as well as process and outcomes of problem-solving tasks. The results of two empirical studies (Weinberger, Ertl,
Fischer, & Mandl, 2005; Weinberger et al., 2007) showed that epistemic and collaboration scripts facilitate collaborative
learning. Students with collaboration scripts engage in more transactive discussions and thus benefit to a greater extent from
the external memories available e.g. contributions of their learning partners (Teasley, 1997). In both studies, however, epi-
stemic scripts hindered learners’ cognitive engagement and individual knowledge acquisition. In studies by Ertl, Reiserer,
and Mandl (2005), Ertl, Kopp, and Mandl (2006b), collaboration scripts and content-specific schemes were beneficial to col-
laborative case solutions. However, both scripts had unwanted side effects. The collaboration script reduced the level of
learners’ content-specific negotiation and the content scheme reduced the level of strategic negotiation.

A study by Stegmann, Weinberger, and Fischer (2007) showed that the argumentative scripts, namely message con-
straints and labels (i.e., claim, datum, and qualifier) and multiple constraints categories of response sequences (messages
were automatically pre-set and labeled as argument, counter argument or integration) improved the formal quality of single
arguments and argumentation sequences in a synchronous chat environment. However the acquisition of knowledge on
argumentation was facilitated without impacting domain-specific knowledge acquisition. It is likely that learners may have
deeply focused on argumentative activities without paying enough attention to the content of the problem cases. Therefore,
highly structured process-oriented interventions may cause unintended side effects with respect to the different process
dimensions of argumentative knowledge construction in ABCSCL (Weinberger & Fischer, 2006).

4.4.2.3. Conflict schema approaches. A particular class of script known as ‘‘conflict scheme’’ or personally seeded discussions
(whereby groups of students with varied conflict perspectives describe the data using their own explanations as the seed
comments for the ensuing discussion) successfully fostered argumentation structure, which in turn improved the students’
knowledge gain (Clark & Sampson, 2007, 2008; Clark et al., 2009). Furthermore, in a study by Clark et al. (2009), students in
an augmented-preset script condition (seed-comments by researchers) outperformed students in a personally-seeded script
condition (students’ own explanations as seed-comments) in terms of argumentation structure. The reason was that the
optimal diversity of ideas as sets of preset seed-comments were provided by an expert-wise approach in the augmented pre-
set groups and non-optimal diversity sets of seed-comments were provided by students’ own explanations.

4.4.2.4. Scripted roles. Different types of scripted roles have been studied to create structure in ABCSCL and facilitate learning.
In studies by Strijbos, Martens, Jochems, and Broers (2004, 2007), assigning functional roles resulted in more ‘‘task coordi-
nation’’ statements than when no roles were assigned. Functional roles stimulated coordination, which is related to the num-
ber of task-content-focused statements. Nonetheless, the number of task-content statements did not change with the
increase of ‘‘task coordination’’ statements. Five roles (starter, summarizer, moderator, theoretician and source researcher)
were designed for students by De Wever, Van Keer, Schellens, and Valcke (2007). The overall conclusion was positive in the
sense that students enacted the roles they were assigned without ignoring the activities related to the other roles. Further-
more, assigning roles improved the students’ knowledge acquisition; however, it did not increase their level of knowledge
construction. For the theoreticians and moderators, no differences emerged compared to the non-scripted groups. Unexpect-
edly, source researchers achieved a lower level of knowledge construction compared to the non-scripted groups. The authors
suggested that teachers should clearly explain the roles to students and give sufficient attention to all dimensions. In a study
by Schellens et al. (2007) using similar roles, only summarizers achieved higher levels of knowledge construction. Therefore,
not all role assignments equally promote knowledge construction since students might get stuck to their pre-assigned roles
rather than participate in the ongoing discussion. To reduce the negative effects of having only one special role, rotating roles
has been recommended. In a study by Weinberger et al. (2007), to solve three problem cases, each student had to play two
roles: (1) analyst for one case i.e. composing initial and concluding analyzes and responding to critique; (2) constructive
critic for two other cases i.e. criticizing the case analyst. These roles facilitated social and epistemic activities, as well as
knowledge construction. Rotating scripted roles could facilitate learning by preventing learners from getting stuck in their
functional roles rather than focusing on task performance.

4.4.2.5. Prompts and sentence openers. Scripts are often realized through prompts that serve cognitive and meta-cognitive
learning purposes. Prompts often take the form of sentence starters or question stems and provide learners with hints
and suggestions that facilitate the enacting of scripts (Ge & Land, 2004). Serving different cognitive and meta-cognitive pur-
poses, prompts can be procedural, elaborative or reflective (Ge & Land, 2004). In a study by Nussbaum et al. (2004), the use of
prompts (note starters) increased the level of critical discussions, namely the frequency of disagreements. In a study by
Yiong-Hwee and Churchill (2007), carefully developed sentence openers resulted in an effective strategy to support students’
construction of arguments. In a study by Jeong (2006b), conversational language fostered high levels of critical discourse
during the interaction process. Beers et al. (2005, 2007) employed a process-specific support named NTool to facilitate
the negotiation and grounding process. The more coercion was present, the better negotiation of common ground was
achieved. Collaborative learners need to be instructed how to negotiate and find a common ground in a collaborative task
to understand one another and effectively externalize their own and elicit information from the learning partners (Kirschner
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et al., 2008). In a study by Brooks and Jeong (2006), pre-structured discussion threads with labels were shown to increase the
frequency of argument-challenge exchanges needed to initiate critical discourse and trigger further inquiry, which in turn
facilitated critical discourse and thinking. However, there was no difference in the number of counter-challenges, supporting
evidence and explanations posted in reply to challenges compared to control group. In a comparison of constraint message
categories (argument, evidence, critique and explanation), constraint message categories with labels, and no constraint mes-
sage categories, students in the former group were less likely to criticize other students and react to critique from other stu-
dents (Jeong & Joung, 2007). Constraint message categories with labels can thus potentially hinder critical argumentation in
discourse activity and possibly inhibit learning outcomes.

4.5. Summary and critique

Orchestration of argumentation in ABCSCL builds on multiple representations and instructional interventions. The con-
sensus among researchers is that learning tasks should be neither too simple and artificial, especially for professionals,
nor too difficult and complicated, especially for novice learners, to prevent frustration and unintended side effects. The topic
of discussion should be arguable and debatable if learners are to delve deeply and broadly into a topic or solve ill-defined
problems. As far as group composition is concerned, researchers unanimously favor heterogeneous groups. The plausible
explanation is that each learner encounters a wider range of perspectives and resources in heterogeneous groups than in
homogenous groups and this could likely maximize the likelihood of beneficial interactions for learning. There is no agree-
ment, however, among scholars about criteria for grouping learners into heterogeneous teams. While many have grouped
learners on the basis of learners’ characteristics, recent studies have tended to group learners based on their differing opin-
ions to ensure that multiple perspectives are present and to thus facilitate deeper and wider argumentation and discussion.
Grouping learners based on their divergent disciplinary backgrounds to ensure complimentary expertise in multidisciplinary
teams is a new and under-investigated trend in ABCSCL. Future ABCSCL research needs to focus on the quality of group work
and peer interaction patterns in multidisciplinary groups versus in groups of learners within the same discipline. Quantita-
tive analysis shows that small group size, i.e. dyads and triads, have been prioritized in ABCSCL research. This is because of
the ever-present danger of free-riding and sucker influence in large groups compared to the more active participation, more
turn taking, and faster establishment of common ground that is likely in small groups. A relatively large number of publi-
cations studied CSCL platforms with different functionalities and modes of communication. To synthesize, ABCSCL demands
well-designed, well-scaffolded and user-friendly platforms that take into account the type of learning task, the level of tech-
nology affordances, users’ experiences, domain issues, learning goals, etc.

This review shows that most publications of the past 15 years have been devoted to instructional support as a sub-com-
ponent of ABCSCL. A synthesis of reviewed publications regarding knowledge representation tools indicated that when the
purpose of ABCSCL is to deepen learners’ knowledge or produce productive arguments, writing tasks and argumentative
texts could be the most useful (Suthers & Hundhausen, 2003). Diagrams are shown to have the most added value when
the intention is to support the argumentative sequence and belief change (Nussbaum, 2008b), to maintain focus and also
to broaden and deepen the discussion (Van Amelsvoort et al., 2007, 2008). When the intention is to include relations to a
topic for patterns of evidence, a matrix is considered to be a suitable tool (Baker, Andriessen, Lund, Van Amelsvoort, & Quig-
nard, 2007), whereas graphs are useful for gathering and relating information to elaborate on a topic while keeping learners
focused on the relevant aspect of the debate (Baker et al., 2007). In spite of the advantages of various forms of scripts, over-
concentration on one specific process-oriented dimension of argumentative knowledge construction was shown to cause
unintended side effects related to other process-oriented dimensions. Researchers still need to address when, under what
conditions, and which external scripts foster argumentative knowledge construction in all its dimensions.

4.6. Which learning process conditions that constitute ABCSCL have been investigated?

This section presents findings from publications that are related to the learning process condition in ABCSCL
environments.

4.6.1. Learning process
The most frequently investigated sub-components of the learning process in ABCSCL are construction of single arguments

and argumentation sequences. In an argumentative dialog in ABCSCL, learners formulate single arguments (Stegmann et al.,
2007) and exchange them in argumentation sequences (Baker, 1999, 2003; Leitão, 2000).

4.6.1.1. Construction of single arguments. Construction of a single argument was proposed against Toulmin’s (1958) model of
argumentation (see Stegmann, Wecker, Weinberger, & Fischer, in press). From Toulmin’s point of view, an argument consists
of six interconnected parts: claim, data, warrant, backing, rebuttal, and qualifier, respectively. Several researchers concurred
that the complexity of the model should be reduced for use as a basis for instructional support (e.g. Stegmann et al., 2007, in
press; Voss & Van Dyke, 2001). Hence, a simplified version of Toulmin’s model was proposed comprising the components
claim, grounds, and qualifications. The claim is an expression of the position that is advanced in the argument. The elements
datum, warrant, and backing from Toulmin’s model all fall within the term grounds. Datum is the factual information that is
expressed to support the acceptance of the claim, e.g. observations. Warrant is a rule of inference that justifies the transition

O. Noroozi et al. / Educational Research Review 7 (2012) 79–106 97



Author's personal copy

from the datum to the claim and reveals the relevance of the data for the claim, e.g. definitions, theories, and rules. Backing is
factual information, e.g. reasonable evidence, statistics or expert ideas that provide a rationale for a warrant. Qualifiers and
their interrelated rebuttals have to do with qualifying the relationship between claim and warrant. They both might be used
in an argumentative process to limit the validity of a claim. More explicitly, qualifier has to do with expressing a potential
limitation and rebuttal has to do with further explanation when the claim is not valid (Stegmann et al., 2007). Hence, based
on the formal quality of argumentation, learners’ knowledge construction in ABCSCL comprises five argumentative moves:
(1) simple claim that refers to statements that advance a position without limitation of its validity or provision of grounds
that warrant the claim; (2) qualified claim that refers to the claim without provision of grounds, but with limitation of the
validity of the claim (with qualifier); (3) grounded claim that refers to the claim without limitation of its validity, but with
the provision of grounds that warrant the claim; (4) grounded and qualified claim that refers to the claim with grounds that
warrant the claim and a limitation of its validity; and non-argumentative moves that refer to questions, coordinating moves
and meta-statements on argumentation. Therefore, in ideal situations, a completely explicit argument would comprise a
claim supported by grounds and limited by qualifications.

4.6.1.2. Construction of sequences of argumentation. Construction of argumentation sequences represents the dynamic macro-
level of argumentative dialog including arguments, counterarguments, and integrations. The ideal pattern proposed by Lei-
tão (2000) is designed to promote the construction of valid knowledge in a collaborative discourse. Argument is a statement
put forward in favor of a specific proposition. Counter-argument is an argument opposing a preceding argument or favoring
an opposite proposition. Integration is a statement that aims to balance, integrate, and advance a preceding argument and
counterargument (Stegmann et al., 2007). Another pattern in terms of argumentation sequences by Baker suggests that argu-
mentation is a form of dialogic interaction through which people propose arguments in favor of views and counter-argu-
ments in disfavor of them. As a result of exchanging arguments, counter-arguments, and integrations, generating explicit
thoughts, co-constructing new knowledge and conceptual changes would happen in collaborative discourses (Baker,
1999, 2003; Van Amelsvoort, 2006).

4.6.2. Learning activities
The most frequently examined sub-components of learning activities are learning activities as well as learning activities

and scaffolding. In ABCSCL, learners approach their tasks in different ways depending on various previously mentioned fac-
tors at the level of pre-condition, namely student and learning environment. Erkens and Janssen (2008) divided learners’
communicative functions into five activities: argumentative (a line of argumentation or reasoning), responsive (confirma-
tions, denials, and answers), informative (transfer of information), elicitative (questions or proposals requiring a response)
and imperative (commands). Baker et al. (2007) and Van Amelsvoort et al. (2007, 2008) divided students’ activities into se-
ven categories: outside activity, social relations, interaction management, task management, opinions, arguments, and
exploration and deepening of activities. This framework points out that students not only engage in discussion and argument
but also in off-task activities as well as social, interaction and management activities. In a framework constructed by Wein-
berger and Fischer (2006), students’ activities were divided into four independent dimensions for knowledge construction
including participation, epistemic, argumentative and social modes of co-construction. The participation dimension refers
to the extent to which learners participate and interact, as well as to the heterogeneity of participation, i.e. the (un-)equal
participation of learners in the same group. The degree to which learners participate in discussions (number of words) and
also the quality of interaction (elaboration of the responses) are positively associated with the learning (Prinsen et al., 2009;
Schellens et al., 2007). In the epistemic dimension, students’ activities have to do with construction of both problem case and
conceptual space that support the understanding of the problem and the theory through relating theoretical concepts with
case information and prior knowledge. In the formal argumentative dimension, micro-level activities (construction of single
arguments) and macro-level activities (construction of sequences of argumentation) can be identified. In the social dimen-
sion, the extent to which learners base their reasoning on the reasoning of their partners can be analyzed through different
social modes (Weinberger & Fischer, 2006). Nevertheless, according to Kobbe et al. (2007), in every independent dimension,
more coarse-grained or greater activities (discussion) can be decomposed to more fine-grained or lesser activities (elabora-
tions, explanations, question asking, etc.). More fine-grained activities (asking specific questions or checking a report for mis-
takes, etc.) can be subsumed in more coarse-grained activities (help seeking).

4.6.3. Learning activities and scaffolding
Neither argumentation nor scaffolding, e.g. scripts, in ABCSCL are limited to a linear sequence of activities and patterns

(Kobbe et al., 2007). Both argumentation sequences and scripts may demand 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 pat-
terns 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 Script (see Dillenbourg & Jermann, 2006) are supposed to follow activities such as (a) analyzing and elaborating
the case; (b) summarizing and explaining; (c) analyzing, comparing and relating new information to prior knowledge; (d)
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giving feedback and critiquing; and (e) problem solving. ABCSCL prompted with the ArgueGraph Script (Dillenbourg & Jer-
mann, 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 script (see Weinberger, Ertl, et al., 2005) 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.
ABCSCL scaffolded with epistemic scripts encourages learners to focus on a specific task for applying theoretical concepts
and knowledge to the problem case (Clark, Sampson, et al., 2007). ABCSCL scaffolded with argumentative scripts encourages
learners to engage in activities that broaden and deepen their arguments (Weinberger et al., 2007) by warranting, qualifying,
or arguing against proposed solutions with reasonable evidence and logical examples.

4.7. Summary and critique

Different variables in terms of learning processes and activities in ABCSCL have been investigated over the last 15 years,
e.g. interaction patterns, participation, epistemic, argumentative, and social activities, negotiation process, coordinating pro-
cesses, group interaction patterns, knowledge (co)construction elaboration, historical reasoning and critical reasoning pro-
cesses. The central focus with respect to the learning process, however, has been given to the construction of single
arguments and argumentation sequences. The construction of a sound single argument (Baker, 2003; Spiro & Jehng,
1990) and argumentation sequences (Leitão, 2000; Stegmann et al., in press) are presumably related to cognitive processes
that may foster argumentative knowledge construction (Stegmann et al., in press; Weinberger & Fischer, 2006). Not only the
construction of single arguments but also their sequential patterns in ABCSCL can differ. Andriessen et al. (2003) argues that
divergent positions or incompatible views while constructing counter-arguments could potentially induce socio-cognitive
conflicts. Leitão (2000) in response argues that a counter-argument is not necessarily against the initial argument. A coun-
ter-argument could be an argument that makes the acceptability of the initial position less certain without actually opposing
the initial argument. It could also represent different viewpoints on the same issue and hence widen and broaden the space
of debate. Thus, a counter-argument would not always induce socio-cognitive conflicts. Furthermore, even if such a conflict
occurs while counter-arguing, it could be resolved during the integration process (Nastasi & Clements, 1992) when learners
elaborate and compare various possible perspectives and decide upon the most likely solution (Stegmann et al., in press).

The conclusion in terms of learning activities is that learners approach tasks differently depending on the technological
settings and instructional interventions. Depending on the learning objectives in ABCSCL, various instructional strategies
could be used to help learners construct better elaborated, wider and deeper arguments, to keep learners’ activities on
the right track and also to achieve the expected learning purposes and outcomes. There is a consensus among scholars that
engaging in more relevant, sound, and on-task activities (e.g. Buder & Bodemer, 2008), making better elaborated and justified
contributions to discussions (e.g. Noroozi, Biemans, Busstra, Mulder, & Chizari, 2011) and making broader and deeper argu-
ments (Crossa, Taasoobshirazib, Hendricksc, & Hickeya, 2008), lead to better-quality learning than engaging in off-task activ-
ities and contributing less-elaborated and justified and more narrow and superficial arguments and discussions.

4.8. Which evidence is available on the relationship between ABCSCL and learning outcomes?

Over the last 15 years, a growing body of research has shed light on the various forms of learning outcomes in ABCSCL.
Some studies have reported the benefits of ABCSCL in terms of facilitation of conceptual understanding (e.g. Clark & Samp-
son, 2007, 2008), cognitive and meta-cognitive development (e.g. Cho & Jonassen, 2002), as well as interaction and argumen-
tative skills (e.g. Marttunen & Laurinen, 2001, 2009; McAlister, Ravenscroftw, & Scanlon, 2004). Other have shown the
benefits of ABCSCL in terms of problem solving (e.g. Kirschner et al., 2003; Lemus, Seibold, Flanagin, & Metzger, 2004; Lu
& Lajoie, 2008), critical thinking, reasoning, and higher-order skills (e.g. Kim, Anderson, Nguyen-Jahiel, & Archodidou,
2007), as well as domain-general and domain-specific knowledge construction (e.g. Weinberger, Ertl, et al., 2005, 2007).
The prominent learning outcomes in ABCSCL that have been investigated are acquisition of domain-specific and domain-
general knowledge as well as complex problem solving.

4.8.1. Acquisition of domain-general and domain-specific knowledge
Knowledge acquisition is one of the most important learning outcomes of ABCSCL. Both conceptual (e.g. Weinberger &

Fischer, 2006) and empirical (e.g. Gerber, Scott, Clements, & Sarama, 2005; Muukkonen, Lakkala, & Hakkarainen, 2005;
Taasoobshirazi & Hickey, 2005) publications indicate that participation and interactions in ABCSCL can lead to knowledge
construction. In ABCSCL, learners engage in specific discourse activities to elaborate on the available learning materials, to
express their viewpoints and also to react to learning partner(s)’ perspectives, resulting in an interactive argumentation
which is beneficial for acquiring both domain-specific and domain-general knowledge (see Weinberger, Ertl, et al., 2005;
Weinberger, Stegmann, et al., 2005; Weinberger et al., 2007). ABCSCL has been used by a considerable number of scholars
to acquire domain-general knowledge, i.e. knowledge on argumentation (e.g. Baker et al., 2007; Clark & Sampson, 2007,
2008). ABCSCL research has also shown positive impacts on domain-specific knowledge construction as well as declarative,
procedural, conceptual, cognitive and meta-cognitive knowledge construction (e.g. Cho & Jonassen, 2002; Ho, Rappa, & Chee,
2009). Some researchers (e.g. Stegmann et al., 2007, in press) found positive relationships between the construction of sound
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(micro-level) and complete (macro-level) arguments with cognitive elaboration processes and hence knowledge acquisition.
As assumed by Baker (2003), argumentation-related cognitive processing in argumentative discourse is positively related to
formal quality of argumentation and acquisition of knowledge on argumentation (Stegmann et al., in press).

4.8.2. Complex problem-solving
Another learning outcome of argumentation activities in ABCSCL is knowledge that can be applied to solve complex and

ill-defined problems (e.g. Janssen et al., 2010; Monteserin, Schiaffino, & Amandi, 2010). Interacting with one another and
being involved in various activities (e.g. social, epistemic, and argumentative activities), learners could both individually
and collectively (co)construct knowledge in ABCSCL while elaborating learning materials in problem-solving activities
(e.g. Baker et al., 2007; Weinberger, Ertl, et al., 2005, 2007).

4.9. Summary and critique

Scholars in the field of ABCSCL research concur that engaging in various forms of argumentative activities can facilitate
acquisition of knowledge on argumentation and domain-specific knowledge that could be applied for complex and ill-de-
fined problem solving. Moreover, ABCSCL can promote higher-order thinking and problem solving and, thus, can lead to dee-
per understanding of the topic (e.g. Van Bruggen & Kirschner, 2003). The results of this review’s quantitative analysis,
however, indicate that only one-third of reviewed publications investigated the learning outcomes in ABCSCL as such. Stud-
ies that do not report on outcomes seem to be based on the assumption that learning processes and activities determine the
quality of learning outcomes in ABCSCL. In this view, facilitating ABCSCL processes will improve the quality of learning out-
comes as well (see Noroozi et al., 2011). This review study seems to confirm such a relationship. For example, studies by
Jeong and Davidson-Shivers (2006) and Jeong (2007) showed that gender (student level) could play a key role in mediating
the effects of openness (student level) while posting rebuttals in reply to critique (learning process), which in turn were
shown to lead to higher quality of knowledge construction as can be seen in the learning outcomes (Weinberger, Stegmann,
& Fischer, 2005; Weinberger et al., 2007). Furthermore, less open and curious learners (student level) showed a higher qual-
ity of knowledge (learning outcome) by showing more disagreement (learning process) when note starters were prompted
(learning environment) compared to students who were more curious, anxious and assertive (Nussbaum et al., 2004). To de-
velop a more prescriptive model, future research would have to be organized not by factor but by factor–factor pairings (e.g.
student-learning outcome, learning environment-learning process, learning environment-learning outcome, student-learn-
ing process, etc.). Such research would not only help us understand the nature of these relationships, the optimal combina-
tion of conditions, the influence of one factor on another and the stability of such an influence, but also lead to a further
understanding of what and how ABCSCL can be designed more effectively.

5. Conclusion and directions for future work

This paper demonstrates that the design of ABCSCL environments requires a systematic approach that takes the variety of
specific conditions for learning into account. Biggs’ model provided a way to categorize similarities in reported studies de-
spite their different foci. A framework was proposed here by clustering various influencing and constituting factors in
ABCSCL that have been investigated over the last 15 years. This framework consists of the four interconnected components
student, learning environment, learning process and learning outcomes, each of which is divided into sub-components for
pedagogic and design decisions related to teaching and learning in ABCSCL (see Fig. 1).

The quantitative analysis of 15 years of research into ABCSCL revealed that empirical publications outnumber conceptual
ones, since scholars have been mostly interested in testing instructional interventions for ABCSCL. This is what we expected
since conceptual publications with theoretical backgrounds can be mostly found in books and book chapters rather than
journal publications. Our analysis showed that ABCSCL has not only been designed for controlled laboratory studies but also
for quasi-experimental field settings that require argumentative skills in science education. Quantitative studies outnumber
qualitative studies, which indicates further need for qualitative analysis methods in ABCSCL. The educational context of the
reported empirical studies varied in terms of educational level (primary and secondary schools and universities), curricula
(both hard and soft subjects) and geographic location; however, there was a strong emphasis on Western countries. These
figures show the importance and growing nature of this body of scholarship in the 21st century. A limited number of re-
viewed publications reported on both learning processes and outcomes, whereas most publications in ABCSCL reported
on learning processes and activities. The reason is that differences in learning outcomes result from differences in learning
processes (see Noroozi et al., 2011). Therefore, in order to improve student learning outcomes in ABCSCL, explicit attention
needs to be paid to the nature of the students’ learning processes. Nevertheless, since direct practical relevance would only
be achieved by looking at the learning outcomes in relation to learning processes and activities, we advise that future re-
search in ABCSCL be aimed at revealing the differences in the learning processes and activities between successful and
less-successful learners in terms of learning outcomes. So far, small group sizes (dyads and triads) have been prioritized
in ABCSCL studies, and the selection of group size has depended on the learning goals, time constraint, complexity of the
learning task and the technological design. Almost equal attention was paid to synchronous and asynchronous modes of
communication since each has advantages and disadvantages.
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One focus of ABCSCL research in the last 15 years has been on the role of external knowledge representations and various
collaboration scripts. The structure of scripts for collaborative learning differs. While some researchers provide rather rough
guidelines for specific activities, sequences and roles, others may provide highly structured scripts, including detailed
instructions for learners regarding what activities should be carried out, when and by whom (Kollar et al., 2007). There is
a need for more empirical research to investigate the interplay between internal and external scripts. The ongoing research
aims to find the optimal balance between students’ external and internal scripts, in order to avoid the disadvantages of over-
scripting (Carmien et al., 2007). Some evidence shows that highly structured scripts have resulted in better learning out-
comes than less-structured scripts (Beers et al., 2005, 2007). Nonetheless, overly detailed scripts or ‘‘over-scripting’’ has also
been questioned (Dillenbourg, 2002; Tchounikine, 2008). Based on lessons learned from ABCSCL research, scripts could be
faded out to avoid cognitive overload in overly scripted collaborative tasks (Dillenbourg, 2002; Jermann & Dillenbourg,
2003; Kester & Paas, 2005). One under-investigated question is how detailed and specific external scripts need to be in order
to prevent frustration among students through over-scripting. Also how, when and under what conditions should external
scripts be faded out to avoid over-scripting, prevent frustration, and foster internalization of external scripts in ABCSCL.
Overly rigid scripts would inhibit and spoil the richness of natural interaction, whereas overly flexible scripts would fail
to illicit the intended interaction (Dillenbourg & Tchounikine, 2007). The ongoing research focus is to determine the extent
to which learners can internalize and stabilize external scripts over time taking into account their internal scripts. For how
long, in what way, and under what conditions do learners need to interact using external scripts to internalize them without
becoming over-scripted?

Previous research shows that various forms of collaboration scripts positively facilitate the specific activities they were
aimed at (e.g. Stegmann et al., 2007, in press). However, in some cases unwanted side effects were found (e.g. Ertl et al.,
2005; Ertl, Kopp, et al., 2006b). Providing learners with specific external scripts might cause them to deeply focus on the spe-
cific activities which are aimed to be facilitated without paying enough attention to other dimensions of collaborative argu-
mentation with the goal of learning. Therefore, we advise that further studies be aimed at identifying the optimal
combination of various external scripts while avoiding unwanted side effects.

Our review revealed that over the last 15 years considerable attention has been paid to the nature of instructional inter-
ventions in mono-disciplinary teams, but only few studies have dealt with multi-disciplinary teams. More research needs to
be done to compare the effectiveness of various instructional interventions in groups made up of members from the same
discipline and in groups made up of member from differing disciplines. Interdisciplinary thinking is gradually becoming a
major research theme in ABCSCL since grouping of learners based on different disciplinary backgrounds could help them
integrate knowledge of two or more disciplines and thereby help them acquire content-related knowledge. Although con-
sidering a problem from various viewpoints in multidisciplinary groups can be productive, it is not always an advantage
(e.g. Barron, 2003). First, group members need to establish a common ground, which is vital to team performance but dif-
ficult to achieve (e.g. Beers et al., 2005; Courtney, 2001). This implies that they might need to engage in a non-productive
discussion of pieces of information that may already be known to all group members from the start (Stasser & Titus,
1985). As a consequence, only after extended periods of working together they can start efficiently pooling their unshared
knowledge resources. Speeding up this process can be best achieved when they have meta-knowledge about the domain
expertise and knowledge of their learning partners (Rummel et al., 2009), that is, a transactive memory system (Wegner,
1987, 1995). Second, due to divergent domains of expertise, group members may have some difficulties in building argu-
ments for and against the arguments being put forward by their learning partner(s) and thus they may avoid engaging in
critical and transactive discussions. To make decisions for joint solutions and to take full advantage of one another’s com-
plementary expertise, learning partners need to engage in transactive discussion and critically evaluate the given informa-
tion from different perspectives on the basis of their domain expertise (Rummel & Spada, 2005). It would be a worthwhile
endeavor to develop and introduce a set of scripts that could help learners promptly pool and process their unshared infor-
mation through establishment of a transactive memory system, and then help them engage in critical and transactive dis-
cussions aimed at reaching consensus for their joint solutions. This would also help researchers improve the technological
settings and instructional strategies in multidisciplinary groups in ABCSCL environments, and thereby make the best use of
learners’ complementary expertise.

This literature review built on a renowned conceptual framework involving essential aspects of teaching and learning
(Biggs, 2003). It is intended to contribute to a growing body of knowledge on designing ABCSCL environments. This review
covered a selected time span, language, variety of relevant databases, and adopted a search strategy that provided a suffi-
cient representation of research carried out in this field in the last 15 years. In our review study, however, we did not report
the effects of various forms of instructional support and interventions on the various components of the learning outcomes
in ABCSCL. It would be insightful if another literature review focus on the empirical evidence to report the (intra) relation-
ships between instructional interventions and learning outcomes in order to demonstrate the interactive nature of compo-
nents within teaching and learning in ABCSCL. Future research therefore could focus on in-depth quantitative meta-analysis
on the topic to examine how, under which condition, and which instructional interventions in ABCSCL directly determine
various components of learning outcomes within the proposed framework. This would enable researchers to draw conclu-
sive conclusions on whether and how a particular type of intervention has a real effect on the intended dependent variable.
Furthermore, future research studies could aim at answering specific questions with respect to each particular dimension
of argumentation-based learning. For example, future review studies should categorize and then analyze ABCSCL
publications on the basis of their argumentation focus (e.g. quality of single argument, argumentation sequence, reasoning,
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argumentative discourse and interactions, etc.) to draw conclusions on the effects of collaborative argumentation on various
types of learning achievements: problem solving, knowledge construction, learning of subject contents, etc.
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