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Technology-enhanced learning environments offer a range of features to facilitate
active learning through evidence-based argumentation (e.g., Fabos & Young, 1999;
Kollar et al., 2005; Marttunen & Laurinen, 2001; Pea, 1994; Roschelle & Pea,
1999; Schellens & Valcke, 2006). This chapter examines the affordances of these
environments, the research behind their development, and the expected benefit of
technology-enhanced argumentation. We discuss environments specifically devel-
oped for science education as well as other environments that have strong relevance
for argumentation in science education. We organize our discussion around two
main categories of support for argumentation: facilitating collaborative argumenta-
tion and facilitating the construction of individual arguments and contributions.
After discussing representative features for supporting argumentation within online
environments, we discuss the integration of subsets of these features within four
environments in alignment with the specific pedagogical goals and theoretical com-
mitments of their developers. Finally, we discuss future directions for research on
argumentation and learning in technology-enhanced environments.

Facilitating Collaborative Argumentation

We first focus our discussion on features and structures designed to support collab-
oration and interaction in technology-enhanced environments. In this section, we
discuss potential affordances in terms of (a) modes of communication, (b) group
composition, (c) co-creation and sharing of artifacts, and (d) awareness tools.

Modes of Communication

Online learning environments incorporate both asynchronous and synchronous
collaborative communication interfaces that can potentially promote and support
interactions between students.
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Asynchronous Modes. Many online learning environments incorporate
opportunities for asynchronous online collaboration and discussion. Temporal
persistence and asynchronism may foster engagement in high-quality argumen-
tative processes (e.g., de Vries et al., 2002; Pea, 1994). Asynchronous commu-
nication facilitates task-oriented discussions and individual knowledge
construction by allowing participants time to reflect, understand, and craft their
contributions and responses (Kuhn & Goh, 2005; Marttunen, 1992; Schellens &
Valcke, 2006). This expanded time allows students to construct and evaluate
textual arguments more carefully than in face-to-face environments (Joiner &
Jones, 2003; Marttunen & Laurinen, 2001). The text-based nature of these asyn-
chronous online environments (as opposed to speech-based) can supplement the
construction of complex and well-conceived arguments (e.g., de Vries et al.,
2002). Recent computer-mediated communication techniques, such as blogs and
wikis, also allow the construction of non-sequential arguments in hypertext
(Carter, 2003; Wolfe, 1995). Asynchronous modes may also potentially provide
more equitable access and participation for students engaging in argumentation
than face-to-face settings because of simultaneous access and participation
opportunities (Hsi & Hoadley, 1997). Asynchronous modes that allow anony-
mous contributions may increase this equitable access and participation (Hsi
& Hoadley, 1997).

Synchronous Modes. Other online learning environments, such as CONNECT
and TC3 (Text Composer, Computer-supported & Collaborative), offer text-based
synchronous chat facilities to support the collaborative process. Task-oriented syn-
chronous chat affords simultaneous deliberation and coordination as students work
together on a shared artifact, such as a co-constructed text (de Vries et al., 2002;
Janssen et al., 2006). Current research suggests that providing ways for students to
coordinate resources and negotiate how to proceed with a task in this manner can
foster productive collaborative learning (Barron, 2003; Pfister, 2005; Rogoff,
1998). Besides facilitation of coordination and negotiation, synchronous chat may
also allow immediate feedback on argumentation and thus facilitate co-construction
of argumentation sequences. Munneke et al. (2007) found in a comparative study
between synchronous and asynchronous modes that students in the synchronous
chat condition argued in a more elaborated and deep way than students using the
asynchronous forum on the same argumentative writing task. However, in contrast
to their hypothesis, students using the asynchronous forum produced more accurate
argumentative texts.

In summary, asynchronous and synchronous modes offer different
affordances. Asynchronous modes of communication allow learners to partici-
pate more equitably and to spend more time on constructing well-conceived
and elaborate arguments, whereas synchronous modes of communication can
deliver a higher degree of joint elaboration and construction of arguments but
place higher demands on learners’ ability to interpret challenging conceptual
material.
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Group Composition

Strategic composition of groups can maximize the likelihood of successful interactions.
Organization of heterogeneous groups based on a variety of learner characteristics
(e.g., prior knowledge, gender, opinions) can expose learners to a broad bandwidth of
perspectives and resources. Technology can distribute these resources, analyze student
characteristics, and compose groups of students accordingly.

Clark and Sampson (2005, 2007, in press), for example, developed the Personally
Seeded Discussion Interface to organize students with different perspectives on a
topic into asynchronous discussion forums using the students’ ideas as the initial
seed comments. This example is discussed in greater detail later in this chapter.
Similarly, Jermann and Dillenbourg (2003) designed the ArgueGraph script, which
identifies students’ opinions through a questionnaire and then represents the stu-
dents’ positions on a graph. The software then matches pairs of opposing opinions
with the largest distance on the graph into groups to construct and exchange argu-
ments and counterarguments. Throughout this process, the software dynamically
represents changes in the participants’ positions on the graph. Jermann and
Dillenbourg (2003) showed that groups composed in this manner demonstrated an
increased engagement in the processes of argumentation and learning.

Likewise, environments can also distribute and redistribute roles and activities
to individual group members to facilitate collaborative argumentation independent
of learners’ actual perspectives. In a problem-oriented online learning environment,
for example, the assignment and rotation of the roles of “case analyst” and “con-
structive critic” with prompts to support typical activities of those roles has been
shown to facilitate knowledge acquisition (Weinberger et al., 2005).

Co-Creation and Sharing of Artifacts

Some online learning environments encourage collaboration through the co-crea-
tion and sharing of intellectual artifacts that present or visualize arguments (e.g.,
Kirschner et al., 2003). Students in these environments therefore create, modify,
and share permanent external representations of their ideas and arguments with one
another. Producing these external representations engages students in proposing,
supporting, evaluating, and refining their ideas. Furthermore, external representa-
tions can help learners identify faulty or incomplete lines of argumentation and
elicit task-relevant knowledge (Fischer et al., 2002). This type of collaboration
extends beyond simply sharing or combining ideas; it requires students to engage
in a process of dialogic argumentation. For example, the CONNECT environment
(Confrontation, Negotiation, and Construction of Text) enables students to co-
create a text through interfaces that structure the nature of the task and promote
communication between the students (de Vries et al., 2002). Similarly, the T7C3
environment provides separate source materials for the individual group members,
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chat functionality, a shared argumentation map, and a shared text construction
space (Erkens et al., 2003). Another example of a tool designed to foster dialogic
argumentation through the co-construction of an intellectual artifact is the DUNES
system (Schwarz & Glassner, in press). This tool encourages students to engage in
dialogic argumentation as they co-construct a rich argumentation map in which
shapes represent types of contributions (e.g., information, argument, comment, or
question) and arrows between shapes show connections (with solid arrows signify-
ing support and dashed arrows signifying opposition).

In summary, the co-creation and sharing of artifacts can facilitate argumentation
by guiding learners’ attention toward argumentation gaps and elicit task-relevant
knowledge (Fischer et al., 2002; Suthers & Hundhausen, 2001). This approach
includes tools that enable collaborative writing as well as tools that support the
collaborative creation of argumentation maps.

Awareness Tools

Environments can incorporate tools to increase group members’ awareness of the
nature and quality of contributions and participation within the group. These tools
can increase students’ awareness, for example, of the number of words students
contribute, the number of comments made, or the connections established in terms
of who has spoken to whom (e.g., Erkens & Janssen, 2006; Dillenbourg, 2002).
Increased awareness of information may facilitate productive dialogic argumenta-
tion because students understand how various individuals are participating in a dis-
cussion (Jermann et al., 2001) and participants can modify the ways they engage in
argumentation (Hesse, 2007). The sections later in this chapter about the VCRI and
CASSIS environments provide additional discussion and specific examples of these
awareness tools. In summary, awareness tools represent a new approach to facilitat-
ing collaborative argumentation. These tools support the self-regulating capacities
of collaborative learners. Students are made aware of possible strengths and deficits
regarding the group’s collaborative activities and of possible gaps in the group’s
argumentation. Based on this feedback, students can self-correct their collaborative
argumentation accordingly. The quality of the feedback provided obviously repre-
sents a critical variable in effectiveness of this approach.

Facilitating the Construction of Individual
Arguments and Contributions

In addition to scaffolding students’ collaboration in argumentation, technology can
also provide specific supports for students as they craft their arguments and contri-
butions. Researchers have developed a wide range of features to support students
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in these processes. We structure our discussion of these features in terms of access
to data, evaluation of data, and argument construction.

Access to Data

Science education places strong emphasis on “data.” Many phenomena, however,
prove inaccessible, inappropriate, or impractical for investigation in a traditional
classroom context. Technology-enhanced learning environments can provide
access to data to facilitate students’ investigations and thus argumentation. One
approach involves embedding resources in knowledge bases without predefined
access order or sequence. These knowledge bases can be generated by the stu-
dents themselves as in CSILE (Scardamalia & Bereiter, 1994) or by curriculum
developers or teachers as in WISE (Linn et al., 2003). These knowledge bases
may range from glossaries or reports of experiments to recordings of experiments
or simulations. With the help of index pages or search engines, students can
search and use these resources to support their claims or critique the arguments
of others.

Kolodner et al. (1997), for example, built an indexed case library that students
search for examples and facts as evidence for their arguments about specific issues.
To support students’ examination of counterarguments to their own line of argu-
mentation, the case library provides and indexes alternative solutions. Kolodner
et al. (1997) showed that the case library supported students’ construction of coun-
terarguments and refined learners’ understanding of what makes a good argument.
Students with high prior argumentative skills derived the most benefit from this
environment.

Enriched representations can also provide significant interrelated information to
students (Fisher & Larkin, 1986). Online learning environments can, for example,
incorporate media-rich representations of the learning task, materials that enhance
the authenticity of the learning task, and contextual anchors to facilitate student
learning (Bransford et al., 2000; Cognition and Technology Group at Vanderbilt,
1997). These environments can challenge students to identify the relevant problem
information within complex problem cases and then create an appropriate solution
strategy using these materials. Students can also collect evidence for their argumen-
tation by observing rich representations. Visualizations and simulations may allow
students to explore aspects of the subject matter to support a specific claim, thereby
potentially increasing the persuasiveness of their arguments (Oestermeier & Hesse,
2000).

In summary, technology environments can increase students’ access to rich data
in support of their argumentation. This access may involve structured knowledge
bases, unstructured knowledge bases, media-rich representations, visualizations,
and other formats. In all cases, students require activity structures with sufficient
scaffolding to support successful interactions resulting in the integration of this
data into their arguments.
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Evaluation of Data

Environments can provide specific functionality to help students analyze the data
in terms of its meaning and its relevance to their arguments. Early work of this type
was conducted with the SenseMaker tool within the K/E and WISE environments
(Bell, 1997, 2004; Bell & Linn, 2000). This work showed that students’ under-
standing of the core issues, evidence, and arguments benefited from working with
a tool that helped them analyze the conflicting pieces of evidence at the core of a
debate. The VCRI environment discussed in the second half of this chapter provides
another example of these diagramming functionalities.

Related to this work, the BGuILE environment helps students design and prac-
tice scientific inquiry through investigation, refine their own explanations and rea-
soning, and critique other students’ explanations (Reiser et al., 2001). The BGuILE
environment integrates dynamic visualizations and outlining environments to help
students learn, understand, and integrate new and complex knowledge and concepts
that students might not otherwise address (Reiser, 2002). These supports for con-
ducting scientific analysis of data in support of argumentation are also discussed in
greater detail in the second half of this chapter.

In summary, students benefit not only from access to data but also from access to
scaffolding in the evaluation of that data. Technology-enhanced environments can
support students in creating sound arguments through this analytical scaffolding.

Argument Construction

Technology can also directly support students’ construction of arguments and
dialogic contributions. These approaches can help students build thoughtful well-
constructed arguments in rhetorical as well as dialogic contexts. One approach
focuses on structural elements. For example, Belvedere supports students’ con-
struction of sound arguments through a Toulmin-inspired graphical template of the
structural components of an argument (Suthers & Hundhausen, 2003). While sup-
port of the evaluation of data is a key feature of tools like Belvedere, these tools can
also facilitate the construction of sound arguments by visualizing respective claims,
relevant evidences, and possible qualifications (Fischer et al., 2002; Kirschner
et al., 2003; Suthers & Hundhausen, 2001).

A similar approach builds on a scripted cooperation perspective. Developers
create scripts to guide students through argumentative processes. These scripts
can specify, sequence, and assign roles and activities for students (Fischer et al.,
2007; Weinberger, 2003). For example, the script of Kollar et al. (in press) sup-
ports collaboration by prompting learners to provide arguments that consist of
claims, data, and warrants. This scripted cooperation approach is also used to
structure dialogic exchange following the idea of dialectics (Hegel, 1965) and
argumentative knowledge construction (Leitao, 2000).
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A further example of scripting the construction of individual comments is the
work of Clark and Sampson (2005, 2007, in press) discussed later in this chapter.
Clark and Sampson provide a series of pull-down menus from which students
choose a combination of sentence fragments to craft their opening claim within the
argument to ensure that students’ conceptions of a phenomenon focus on the salient
issues and involve sufficient elaboration so that other students notice differences
and want to discuss them.

In summary, technology-enhanced environments can directly support students’
construction of arguments and individual contributions within larger dialogic con-
texts. These supports can focus on specific structural elements, core content ideas, or
even the role of a contribution within the larger framework of the argument.

Environmental Integration of Multiple Features

While we have discussed environmental affordances in terms of individual cate-
gories, most technology-enhanced environments integrate multiple features to
support argumentation. Designers therefore have flexible and broad palettes of
features with which to create complex integrated activity structures. The result-
ing environments can be thought of as cognitive tools that shape how people
think about accomplishing a task because they have a strong influence on the
ways people attempt to accomplish a task (Hutchins, 1995; Norman, 1990,
1993). This is particularly true when tasks require individuals to gather, organ-
ize, communicate, or make sense of information (Reiser, 2002). According to
Norman, when cognitive tools are used to represent and manipulate information,
these tools become vehicles through which people interact with the subject mat-
ter. Thus, the nature of the task emerges through the interactions of people, sub-
ject matter, and tools. In this section we examine how four environments, TELS:
Probing Your Surroundings, BGuILE, CASSIS, and VCRI, have integrated differ-
ent subsets of features based on the designers’ theoretical commitments and
pedagogical goals.

TELS: Probing Your Surroundings

The TELS: Probing Your Surroundings project (Clark, 2004) focuses on helping
students investigate the scientific concepts of thermal equilibrium and conductivity.
Probing was developed within the Technology Enhanced Learning for Science
(TELS) online environment and integrates standard features from 7ELS with cus-
tom software to support students’ data collection, explanation creation, and argu-
mentation. The goal of Probing involves helping students understand challenging
science concepts by supporting their reconciliation of these concepts with their
everyday experiences.
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Design principles and goals. The structure of Probing focuses on a sequence of
four stages. The Predict and Observe phases of the design focus on facilitating stu-
dents’ investigation of the data that will be discussed. The Explain phase focuses
on helping students construct explanations (referred to in the project as “princi-
ples”) to describe patterns in the data that they have collected or found in light of
other evidence from their classroom and homes. The Critique phase focuses on
creating groups of students who have produced different principles to describe
the data and facilitating online discourse among the students where they critique
each other’s principles in light of the evidence and work toward consensus through
scientific argumentation. The overarching goals of the design thus focus on
students’ understanding of the scientific concepts as well as the nature of scientific
argumentation.

Integration of features to instantiate design principles and goals. Students work
in pairs with one computer for each pair. They begin the Predict phase by making
predictions about the temperature of everyday objects around them in the class-
room. Students record this information in data tables and notes that they can access
at any time during the project. The goal of this phase involves engaging the stu-
dents in active reflection upon their prior ideas and experiences to provide a foun-
dation to guide students’ subsequent investigations as well as to facilitate their
re-examination and revision of these initial ideas during the project.

In the Observe phase, students use thermal probes and computer simulations to
investigate the temperatures of the objects from the Predict phase. This Observe
phase attempts to help students recognize possible conflicts between their predicted
ideas and the actual phenomena. From an argumentation perspective, the goal of
the Observe phase focuses on providing students with access to rich data and evi-
dence with which to engage in argumentation about the phenomena under
investigation.

In the Explain phase, students create explanations (which the project calls “prin-
ciples”) to describe patterns they have discovered in the data. Students use a web-
based interface to construct their principle from a set of predefined phrases and
elements using a pull-down menu format (Fig. 11.1). The predefined phrases
include common ideas and misconceptions that students use to describe heat flow
and thermal equilibrium. These phrases were identified through the misconceptions
and conceptual change literature (e.g., Clough & Driver, 1985; Erickson &
Tiberghien, 1985; Harrison et al., 1999) and a thermodynamics curriculum devel-
opment project (Clark, 2006; Lewis, 1996; Linn & Hsi, 2000). This principle crea-
tion process serves multiple purposes. Students often have difficulty generating a
detailed explanation of a phenomenon (deVries et al., 2002). Students also have
difficulty focusing on the aspects of a phenomenon that experts would consider
relevant (Chi et al., 1981, 1982). The pull-down format addresses both of these
issues by ensuring that the students’ explanations of a phenomenon focus on the
salient issues and are sufficiently elaborated so that other students notice differ-
ences and want to discuss them. The pull-down menu format also provides data to
the software for assigning students to discussion groups with other students who
have constructed different explanations.
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Fig. 11.1 TELS Principle Maker interface

Finally, during the Critique phase of the design, students debate and evaluate the
validity of each group’s principle. Each pair of students has their principle placed
into an asynchronous discussion forum as an initial seed comment. The decision to
use student-generated principles as the seed comments was based on research that
suggests that the social relevance of an activity, and student interest in it, can be
increased by having students discuss their own ideas and the ideas of their class-
mates (Hoadley, 1999; Hoadley & Linn, 2000). The discussions develop around the
different perspectives represented in the seed comments, ideally through a process
of comparison, clarification, and justification.

Research in Probing. Current research using the Probing environment investi-
gates issues surrounding optimal group organization, initial discussion parameters,
and students’ incorporation of evidence into their argumentation. In terms of group
creation, the research focuses on the contribution of the group creation process to
subsequent argumentation. In terms of initial discussion parameters, the research
focuses on the impact of incorporating students’ own principles as the starting comments
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for the discussions rather than a balanced set of generic prompts carefully chosen
to represent a range of the key ideas and misconceptions that students typically
express. In terms of students’ incorporation of evidence into their argumentation, the
research focuses on the degree and manner in which students incorporate evidence
from the experiments and simulations into their argumentation.

BGulLE: Biology-Guided Inquiry Learning Environments

The BGulILE environment helps middle school and high school students design and
practice scientific inquiry through investigation, create, and refine their own expla-
nations and reasoning, and critique other students’ explanations (Reiser et al., 2001;
Tabak et al., 1999). Students work collaboratively to explain scientific phenomena
such as how natural selection changes a species, how antibiotics affect bacteria, or
how endangered animal species like the Florida Panther can be saved. All of these
projects involve computer-based scenarios and classroom activities in which stu-
dents conduct real scientific investigations (Tabak et al., 1999).

Design principles and goals. The design of BGuILE focuses on building connec-
tions between domain-general supports for scientific reasoning and domain-
specific supports for rational and critical approaches related to scientific inquiry.
The goal involves encouraging students to develop questions, construct explana-
tions, and engage in scientific investigation and argumentation in a domain-specific
manner. In other words, not only does the design of BGulILE explicitly represent
domain-general scientific-reasoning strategies within the structure of the activities
and software, the design of BGuILE also strives to help students understand
domain-specific versions of these strategies. This domain-specific support is based
on an analysis of scientific work in the target domain and the articulation of an
investigation model that reflects key questions, principles, relationships, and work
processes in the target domain. Domain-specific scaffolds are then designed to
reflect this investigation model. For example, when BGulLE prompts students to
make comparisons in The Galapagos Finches (Fig. 11.2), BGuILE simultaneously
helps students understand the types of comparisons that a biologist would make.

More specifically, BGuILE focuses on four primary strategic design principles:
explanation-driven inquiry, explicit representations of theories and strategies, inte-
gration of classroom and technology supported learning activities, and ongoing
reflection (Reiser et al., 2001). BGuILE organizes instruction around ‘‘strategic
tools” and “strategic artifacts.” Strategic tools are tools that “students use to access,
analyze, and manipulate data to make the implicit strategies of the discipline visible
to students” (Reiser et al., p. 276). Strategic artifacts are defined as “the work prod-
ucts that students create to represent the important conceptual properties of expla-
nations and models in the discipline” (p. 276).

Integration of features to instantiate design principles and goals. Explanation-
driven inquiry is the first strategic design principle of BGuILE. The motivation of
this principle involves scaffolding students’ construction of explanations that state
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rational, causal mechanisms and justify the gathered data. Sandoval & Reiser
(2004) explain this idea as:

Explanation-driven inquiry entails a shift both in the nature of students’ work in the class-
room and their underlying view of that work. Accomplishing this shift requires tools that
shape the ways that students construct the products of their work, curricular activities that
emphasize the valued criteria of these products, and teaching practices that support stu-
dents’ understanding of these criteria and help to connect their inquiry experiences to core
disciplinary theories. (p. 4)

As an example, in The Galapagos Finches, students learn about natural selection by
exploring variations in the populations of plants and animals on the Galapagos Islands.
Students collect data about the animals and conditions as part of this exploration. Data
might include, for example, population levels, beak sizes, plant diversity, and weather
conditions from different seasons across several years. According to the explanation-
driven inquiry principle, students’ explanations should develop causal relationships
explaining the data in relation to natural selection. The teacher and the software help
students in the process of determining what constitutes acceptable explanations and
powerful evidence in scientific argumentation across these activities (Tabak & Reiser,
1997, Tabak, 1999; Reiser et al., 2001; Sandoval & Reiser, 2004).
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Explicit representation of theories and strategies. The software tools that
students use and the types of artifacts they construct should explicitly represent and
model appropriate strategies and theoretical frameworks (Reiser et al., 2001). The
domain-specific supports are incorporated in all phases of the inquiry—analysis as
well as synthesis. The domain-specific supports therefore exist in the questions-
based interface for data collection and analysis, in the data log for data analysis and
organization/synthesis, and in the explanation constructor for synthesis and expla-
nation articulation. Students, for example, construct their explanations, organize
their investigations, and insert evidence using ExplanationConstructor, which is an
electronic journal embedded in the learning environments (Sandoval & Reiser, 2004).
This software is similar to SenseMaker (Bell & Linn, 2000) or CSILE (Scardamalia
& Bereiter, 1994). The major difference between ExplanationConstructor and the
other collaborative argumentation environments is that it includes the fundamental
pieces of the disciplinary structure in the explanation guides (Reiser, 2002).

Integration of classroom and technology-supported learning activities. The first
key criterion for this principle dictates that design should integrate existing learning
activities that are already components of standard curriculum used in schools
within the new activities and software. Basing activities on prior experiences of
both students and teachers maintains the connection between existing practices and
the new activities. For example, BGulLE takes two important but relatively discrete
activities from a typical curriculum and then modifies and integrates them into one
activity as part of a project based investigation (Reiser et al., 2001). The second
major criterion for this principle dictates that activities should progress in an organ-
ized and gradual way to support students’ successful engagement in scientific
inquiry. This progression depends on the students’ prior knowledge, grade levels,
and the complexity of the subject. For example, high school biology curricula
should incorporate more complicated graphical data than middle school curricula
(Reiser et al. 2001).

Ongoing reflection. According to this principle, designers should have two
goals. First, they should encourage students to frequently evaluate their own expla-
nations, evidence, assumptions, and results. Second, designers should provide
options for students to compare and critique others’ findings and explanations.
Students should then resolve possible differences among explanations through dis-
cussions. ExplanationConstructor, for example, helps students record and review
their own work. Other BGulLE environments, like TB Lab or Florida Panther, have
specific tools to assist students in managing their collected data and inferences. The
Data Log (see Fig. 11.3), for example, allows students to record the date, time, cat-
egory, and “nature of comparison” in notes related to their data (Reiser et al., 2001).
Data Log thus helps students organize and classify their data throughout the inves-
tigation. These records in Data Log subsequently help students as they craft their
explanations in the ExplanationConstructor journal. Finally, students use
ExplanationConstructor to compare and evaluate each others’ explanations and
findings (Reiser et al., 2001). Throughout the scientific inquiry, students continu-
ously have the opportunity to reevaluate their work and discuss each others’ work
in a collaborative manner.



11 Technology-Enhanced Learning Environments 229

B The Galapagos Finches
File Gaarch Views Help
E>YourRale| @ Envirarinient |« Insividual Browser | B Comaare Foputations f“ﬂ’ﬂll l?ﬂ

Toex [ Tooe Toee
[Chamas Sasds | I BTAOT 204 PR

107 204 P
62107 2:04 Pl
BT 208 FM
‘#2107 208 P
A7 706 Fa

| | BT 208 P
Tha 3alapagos Owt | [ AT 247 P

an:a;uu.
- -

urvived fzmale wel 1 sunvved femate wet 1976 sunived female dry 1977

-

{uau) eua| Heas
=
13
.
{unu) yEuS| HESY
=

=

12 13 14 15 16 17 18 19 12 13 14 18 16 17 18 19 12 13 14 15 16 17 18 19
&g langin (mm) leg langth (mm) &0 angts mm)

Fig. 11.3 BGulILE Data Log

Research in BGulLE. Research on students’ classroom artifacts suggests that
BGulLE successfully engages students in inquiry into detailed and complex problems
(Reiser et al., 2001). “Most groups of students are able to arrive at reasonably well-
justified explanations and models and can recount the evidence on which their expla-
nations are based” (Reiser et al., 2001, p. 295). The integration of classroom and
technology supported learning activities, or synergy of supports (Tabak, 2004), seems
to be particularly productive in helping lower-achieving students reach inquiry per-
formance that reflects the sophistication of higher-achieving students (Tabak, 2000).
Particular teacher moves and the emphasis on evidence-based explanation-driven
inquiry can also create more symmetry between teacher and student roles, which can
have positive consequences for a sense of efficacy in science as well as content and
skill achievement (Tabak & Baumgartner, 2004). BGulLE research also focuses on
inferential validity in terms of the causal coherency of students’ explanations (Sandoval,
2003; Sandoval & Millwood, 2005). According to these analyses, students’ explana-
tions are predominantly coherent even though they sometimes use illogical inferences
to justify their positions. Finally, research on specific BGulLE software tools, such as
the ExplanationConstructor, underscores the efficacy of these tools in supporting
scientific inquiry through argumentation and helping students express their reasoning
and beliefs in meaningful ways (Sandoval &Reiser, 2004).
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CASSIS: Computer-Supported Argumentation
Supported by Scripts

The CASSIS environment (Computer-supported Argumentation Supported by
Scripts—experimental Implementation System) was developed as part of a research
project on collaboration scripts by Weinberger et al. (2007). The scripts under investi-
gation targeted several different collaborative learning processes, such as participation
(Weinberger et al., 2001), epistemic activities (Weinberger et al., 2005), transactivity
(Weinberger, 2003), and argumentation (Stegmann et al., 2004). The argumentative
collaboration scripts combine two theoretical perspectives: supporting students’ con-
struction of sound arguments in alignment with Toulmin’s model of argumentation
(Toulmin, 1958) and structuring the dialogic exchange in alignment with the ideas of
Leitdo (Leitdo, 2000).

Design principles and goals. CASSIS fosters argumentation through collabora-
tion scripts (i.e., instructional plans) that specify and sequence collaborative learning
activities. When needed, these scripts assign various activities to the individual
learners (Kobbe et al., in press). Collaboration scripts typically focus on activities
that researchers associate with deeper cognitive elaboration and therefore knowl-
edge acquisition but learners seldom perform correctly (King, 2007). High-quality
argumentation has been regarded as such an activity (e.g., Baker, 2003; Kuhn &
Goh, 2005; Leitao, 2000). The quality of argumentation can be described by at least
two dimensions: the crafting of sound arguments and the structuring of the dialogic
exchange (Weinberger & Fischer, 2006). Focusing on the crafting of sound argu-
ments puts more emphasis on individual components of a single argument
(Toulmin, 1958), such as the explicit occurrence of reasons (van Eemeren, 2003;
Voss et al., 1983). Focusing on the structuring of the dialogic exchange, the
emphasis is on mutual reference during argumentation, such as arguments that
counter the arguments of a learning partner (Jermann & Dillenbourg, 2003;
Resnick et al., 1993).

Integration of features to instantiate design principles and goals. Within the
environment, students collaboratively discuss short problem cases. The three stu-
dents in each discussion group collaborate from different locations using a custom-
ized asynchronous text-based discussion board. The main interface includes three
areas: instructions in the upper left corner, a visualization of the current case in the
lower left corner, and the online discussion for the current case. The interface
allows the students to exchange text messages that resemble emails. Learners can
either start a new topic by posting a new message or reply to earlier messages. Each
message consists of a subject line, author information, date, time, and the message
body. The learning environment sets the author, date, and time automatically. The
learners enter the subject line and the body of the message.

The script for the construction of single arguments organizes a student’s argu-
ment within the comment creation interface of the discussion board (see Fig. 11.4).
This script builds on a simplified Toulmin model (Toulmin, 1958) by providing input
text boxes for a claim, grounds, and qualifications. Each text box of the interface is
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Claim Grounds
Michael is attributing internally I He lain his bad perf . with
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Submit message

Fig. 11.4 Single argument script for CASSIS

completed by the learners. By clicking the command button (“Add”) to submit the
comment, the contents of the three input text boxes are combined into a prespeci-
fied textual structure of the argument. Learners are not limited to using the three
input text boxes for constructing single arguments. Students can write questions,
comments, or expressions of emotion directly into the main input text box.

The script for the construction of argumentation sequences guides students
through Leitdo’s specific argument—counterargument—integration pattern by pre-
setting the subject of each posted message automatically depending on its position
in the progression of the discussion thread. The first message in a chain is labeled
“Argumentation.” The answer to an argument is automatically labeled as “Counter
Argumentation.” The reply to a counterargument is labeled as “Integration.” The
next message is again labeled “Counterargument,” then “Integration,” and so on. In
this way, discussion follows the path of Leitdo’s model.

Research in CASSIS. The research conducted with CASSIS investigates how
computer-supported collaboration scripts can facilitate argumentative knowledge
construction in online discussions. Argumentative knowledge construction focuses
on the construction of domain-specific and domain-general knowledge through
collaborative argumentation. With the help of CASSIS, the mutual relations between
individual cognitive processes, collaborative argumentation, and knowledge acqui-
sition are examined. Therefore, argumentative knowledge construction is analyzed
with respect to epistemic activities, the formal quality of argumentation, and social
modes of co-construction including transactivity (i.e., learners’ mutual reference in
online discussions.) The research findings demonstrate that the investigated scripts
do have the desired main effects. For instance, the script for the construction of single
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arguments actually helps learners to construct more sound single arguments and
learners acquire knowledge about the construction of single arguments. Some
scripts, however, have unwanted side effects. An epistemic script, for example,
facilitated learners in solving the learning task but had detrimental effects on
knowledge acquisition. Current projects aim to implement the automated analysis
of natural discourse corpora (see Donmez et al., 2005) in CASSIS to achieve real-
time adaptivity of collaboration scripts. The analysis of the contributions of the
individual learners will be used to fade scripts in or out.

VCRI: Virtual Collaborative Research Institute

The VCRI is the core environment of the Computerized Representation of
Coordination in Collaborative Learning (CRoCiCL) project which concentrates on
joint visualizations and collaborative learning by inquiry (Janssen et al., 2006). The
VCRI was developed from the earlier mentioned 7C3 environment. The VCRI is a
multiplatform groupware environment designed for students ranging from primary
school to college level working collaboratively with specialized tools for specific
tasks (Jaspers & Broeken, 2005). The VCRI has approximately twenty special soft-
ware tools, such as Chat, Participation, Debate, Planner, Cowriter, Forum,
Diagrammer, and Shared Space (Broeken, 2006). While much of the research in
VCRI has not focused on science content, the features and design offer much to
support scientific argumentation.

Design principles and goals. Although each group member appears to work
individually, the What You See Is What I See (WYSIWIS) design principle of the
VCRI allows students to share all tools except their personal notes. All members
work on one task and/or a product synchronously or asynchronously. According to
this design principle, using the same interface provides very efficient and effective
collaboration across group members. During the collaborative inquiry, each group
member can edit the content of the tool simultaneously to provide the sense of “real
life collaboration even in cyberspace” (Jaspers & Broeken, 2005, p. 2). In terms of
goals, the main purpose of the CRoCiCL project focuses on exploring the “effects
of visualization of social aspects of collaboration processes in CSCL [computer-
supported collaborative learning]” (Jaspers & Broeken, 2005, p. 1). As part of this
goal, the VCRI therefore focuses on participation awareness tools to help students
visualize the participation and contributions of their group’s members.

Integration of features to instantiate design principles and goals. Groups of two to
four students work through a series of approximately eight lessons in a standard VCRI
session. During this time, almost all software tools of the program are used and shared
by group members. Argumentation and collaboration are encouraged heavily by
Cowriter, Chat, Shared Space, Participation, and Debate tools.

The Cowriter is a shared word processor and collaborative text editor that allows
students to create and/or edit the text simultaneously. This tool helps students write
one document collaboratively through synchronous discussions. The proposed
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changes in the text are directly visible to all group members and the users can
instantly give feedback to each other’s edits. Also, teachers have access to the docu-
ments written by groups in the Cowriter. Therefore, teachers can observe the
progress of the groups and respond the group members if necessary (Janssen et al.,
2006; Broeken, 20006).

The Chat tool is a text-based collaborative tool that allows students to communi-
cate in a simple but well-organized manner. Students use the Chat tool to interact with
group members by instant messaging for real-time online meetings. The chat history
of students is stored and can be reread at any time (Janssen et al., 2006; Broeken,
2006). The Shared Space is a special and advanced version of the Chat tool—it pro-
vides the same functionality but also includes visualizations, records the time interval
of messages, and analyzes all messages sent by users (Janssen et al., 2006; Broeken,
2006). For example, the Shared Space tool saves the old topic and starts a new topic
if group members do not submit messages for more than 59 seconds (Janssen et al.,
2006; Broeken, 2006). Also, the Shared Space analyzes all messages using the
Dialogue Act Coding (DAC) filter. Based on this online automatic coding, the Shared
Space tool assesses whether the message suggests agreement or disagreement
(Janssen et al., 2006; Broeken, 2006). Based on this analysis, the Shared Space
dynamically represents the varying degree of discussion or agreement within the chat
for the group.

The Participation tool determines the participation rates of the group members
in terms of the degree to which each group member engages in the group’s interac-
tion. Each student is represented by a sphere. The distance of a sphere to the
group’s center indicates the number of messages sent by the student, compared to
the other group members. The size of a sphere indicates the average length of the
messages sent by a student in comparison with the other group members (Fig.
11.5). Participation within groups can be compared across the overall class com-
munity (Janssen et al., 2006). Similar to other tools, the Participation tool was also
designed according to WYSIWIS principle. Each group member can monitor
others’ participation rates and compare his or her effort to that of other group mem-
bers. This tool measures the contribution of the group members quantitatively
without inferences about the quality of the participation (Broeken, 2006; Janssen et
al., 2006). However, Broeken (2000) states that quantity of participation is also
important and that high participation is essential to maintaining superior collaboration
among group members.

The new Debate tool represents an argument visually as a battlefield of different
standpoints (Fig. 11.6). With this shared tool, students specify the arguments they
have found in external information sources and state whether each argument sup-
ports or rebuts one of the core positions. The Debate draws an instant diagram of
“the complexity and the argumentative power of each position” (Broeken, 20006, p.
8). The complexity is visualized by the width of the frame around arguments and
positions while the argumentative power is visualized by the interval between the
center and location of arguments. Supporting contributions advance a position as a
whole toward the center flag, whereas rebuttals retract the position. This allows
users to evaluate how strongly the positions are supported. In this way, the Debate
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tool is expected to allow students to better evaluate different positions in authentic
and complex contexts.

Research in VCRI. Research in the VCRI focuses on ways to support coordina-
tion processes between students as they collaborate on a project in a virtual group-
ware environment. Students need to coordinate their activities and their thinking in
order to achieve their goals. From the perspective of the VCRI group, coordination
involves three main processes: activation and sharing of knowledge and skills
through participation in the collaboration process, creation of a common frame of
reference through building awareness of differences and similarities in viewpoints
and perspectives, and negotiation and coming to agreement through comparing and
evaluating arguments and shared decision-making. The Participation tool, the
Shared Space, and the Debate tool are meant to represent and support student’s
coordination processes on these three levels.

Concluding Comments and Future Directions

Learning environments currently include a broad range of specific instructional
features to promote argumentation that can potentially facilitate active learning
beyond what can be achieved in more traditional learning environments (Fabos &
Young, 1999; Fischer, 2001; Marttunen & Laurinen, 2001; Pea, 1994; Roschelle
& Pea, 1999; Schellens & Valcke, 2006). Major research questions and opportuni-
ties, however, require future investigation.

One promising core area for future work involves expanding upon one of tech-
nology-enhanced environments’ greatest potential strengths—the ability to adapt
scaffolding to meet the individual needs of students. A classic challenge in educa-
tion involves the ratio of instructors to learners. As a result of this ratio, which is
often sub-optimal in educational settings, learners frequently do not receive indi-
vidualized customization of their learning experience. While research on group-
work and collaborative work has developed social structures to provide individualized
attention to students in traditional face-to-face settings (e.g., Cohen, 1994), technol-
ogy offers the opportunity to greatly enhance this process. All four of the example
environments detailed in this chapter provide certain initial steps in this direction.

BGuILE individualizes students’ experiences by allowing students to conduct
inquiry as they choose and provides significant supports for them in analyzing the
data through this process. In this sense, BGulLE does not customize scaffolding or
the experience depending on the actions or contributions of the individual learner.
Instead, BGuILE scaffolds students in pursuing directions of their choosing.

The TELS Probing project includes access to data and supports for analysis,
though not to the degree found in BGuILE. The contribution of Probing with
respect to individualization and customization of the learners’ experience focuses
more heavily on the capability of the environment to organize students into
groups with others who have expressed different initial positions with respect to
the phenomena under investigation. The analytic heuristic employed by the
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environment operates on values connected to the individual sentence fragments to
assess an overall rating to each student’s initial position. The heuristic can include
logical and mathematical operators to determine values. The system does an effec-
tive job of placing students with others who have said something “different” even
though the system could not reliably determine actual quality for summative assess-
ment purposes. The approach therefore allows core customization of the activity
structure by the technology based on the students’ actions and contributions.

The VCRI environment provides customization in terms of participant awareness
functionality. The VCRI, for example, provides students feedback on the number of
contributions they make in comparison to other members of their group or to mem-
bers of other groups in the class. Furthermore, the VCRI environment gives students
feedback about group dynamic processes in terms of discussion and agreement.
This participatory and group dynamic information is not only conveyed to the col-
laborating students but also to the teachers that supervise them. Future studies will
focus on ways to support teachers in their supervision and coaching of collaborative
learning.

The CASSIS environment stands to make one of the most cutting-edge steps in this
area of customization and individualization by incorporating latent semantic analysis
technology to drive customization of scaffolding. The CASSIS group has already
demonstrated that such technology can code students’ comments with essentially the
same reliability as trained human coders. A next possible step could focus on integrat-
ing the technology in real-time into their environment to provide real-time feedback
to learners or to actively modify levels and types of scaffolding.

So what does the future hold for technology-enhanced argumentation environments?
As mentioned above, the opportunity to build intelligence into environments offers
great potential affordances. By “intelligent environments” we refer to environments
that have analytical real-time capabilities to support collaboration and arguments.
How might incorporating intelligent analytical tools in real-time increase the power
of online environments?

In the first section of this chapter we discussed the features and affordances of
environments in terms of two main categories: facilitating collaborative argumenta-
tion and facilitating the construction of arguments and contributions. Embedding
intelligent real-time analytical capabilities into environments could certainly
enhance the affordances of both categories. Real time analytical capabilities could,
for example, facilitate deep elaboration during individual argument construction or
facilitate more equitable participation. Similarly, powerful opportunities will
evolve in terms of enhancing participants’ awareness of their positions, the ideas of
others, and the quality of their argumentation. The organization of group composi-
tion could function based on nuanced analyses of students’ positions. Environments
could even shift groupings to introduce missing perspectives or critiques. Analytical
capabilities might suggest specific data, visualizations, or experiments for students
to consider in light of the arguments they construct. For example, a novice might
get more hints than an expert.

Providing customized access to data could also help students strengthen or
reconsider their positions. The environment might, for example, present evidence
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for the opposite position relative to the current position of a learner. Similar types
of affordances might help students rethink their evaluation of data by providing new
tools or perspectives. The VCRI Debate tool, for example, could compare the
debate representations that groups construct to those made by other groups or to
“expert” representations. This automatically derived comparative information
could help students revise their representations. Clearly these supports could extend
beyond structural issues into core conceptual issues regarding the content.

These future affordances will raise many important research questions beyond
developing valid methods for measuring the quality, quantity, and nature of contri-
butions. Future research will also need to consider carefully how to act on this
information. How should instructional supports adapt to the information? How
many suboptimal arguments, for example, should be required to trigger the “fading
in” of a script? How many intermediate steps should be included between full
instructional support and full freedom?

The potential benefits of increasing the intelligence of technology-enhanced
argumentation environments (i.e., environments that have analytical real-time
capabilities to support collaboration and arguments) are not limited to students. By
integrating analytic frameworks to automate the logging and coding of students’
actions and interactions in real-time, future versions of these environments could
also provide teachers with better tools to monitor and scaffold multiple small
groups of students working simultaneously on projects within their classes. Such
environments might also model argumentation practices for the teachers them-
selves by helping the teachers interpret the argumentation practices of their students
within the environment. Research has demonstrated that teachers’ understandings
of argumentation and pedagogical practices surrounding argumentation often do
not reflect optimal levels of expertise for supporting students engaging in argumen-
tation (Driver et al., 2000; Osborne et al., 2004). Technology-enhanced environ-
ments might provide a vehicle for supporting teachers’ pedagogical practices as
well as enhancing teachers’ understanding of these pedagogical processes and the
nature of argumentation.

In addition to research and development on the activity structures, features,
and technology, other core issues require careful consideration in terms of practi-
cal as well as theoretical issues. Among the most important of the practical issues
is the question of transfer of argumentation abilities from technology-enhanced
environments to traditional unscaffolded contexts. While research on these envi-
ronments has demonstrated their potential to successfully scaffold students in
argumentation, few studies have examined issues of transfer into other contexts
(e.g., Stegmann et al., 2004; Kollar et al., 2005). The value of these environments
hangs heavily on their ability to support students’ internalization of argumenta-
tion skills. Research on transfer should therefore play a central role in the
advancement of the field.

In terms of theoretical issues, ongoing fundamental research needs to focus on
core frameworks for argumentation and the analysis of argumentation in science
education contexts. Sophisticated “intelligent” technology will provide little value
unless it builds upon solid theoretical approaches to helping learners understand
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and engage in argumentation. Similarly, sophisticated “intelligent” analytic tech-
nologies will provide little value unless they build on solid theoretical approaches
for analyzing argumentation.

As our understandings of argumentation and the potential affordances of tech-
nology grow, with these caveats considered, we will have increasing opportunities
to customize and individualize feedback and curricular structures in real-time to
better support learners and teachers engaging in argumentation in classrooms
around the world.
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