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Instant-messaging software was used as a method to promote development of
argumentation skills in middle schoolers. Transfer of skills across content
domains was the major question investigated. Forty sixth graders engaged in
electronic dialogues with peers on a controversial topic—for half a science
topic (dinosaur extinction) and for half a social topic (home schooling).
During 13 sessions, participants worked with a partner in arguing with a suc-
cession of pairs of classmates who held an opposing view on the topic; in
addition, they engaged in some reflective activities based on transcriptions
of the dialogues. Another 18 sixth graders served in a control (noninterven-
tion) condition. Although transfer occurred in both directions, science con-
dition participants exhibited transfer of skills to the social topic to a greater
extent than did social condition participants to the science topic. Results show
the transfer, and hence generality, of developing argument skills but also sug-
gest the importance as well as feasibility of fostering argument skills within
science and social domains.

Contemporary authors on education have repeatedly expressed the view
that students must acquire strong, flexible, higher-order thinking skills if
they are to be equipped for life in the 21st century (Bereiter, 2002; Kuhn,
2005; Wagner, 2008). Yet, the extent of empirical research in the field of
cognitive development needed to support these arguments has been limited,
especially relative to the amount of research devoted to cognitive develop-
ment in the early years of life. There has been a fair amount of research
on the development of scientific reasoning (see Lehrer & Schauble, 2006;
Zimmerman, 2000, 2007, for reviews), but key questions such as the degree
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to which educational interventions can promote this development and the
most effective methods for doing so remain unresolved (Dean & Kuhn,
2007; Klahr, 2000; Kuhn, 2009; Kuhn & Dean, 2005; Kuhn, Iordanou,
Pease, & Wirkala, 2008; Strand-Cary & Klahr, 2008). Until recently, most
research on scientific reasoning has been devoted to control of variables,
and much less attention has been paid to skills of argumentation, despite
their centrality in both science and social, and academic and nonacademic,
contexts (Kuhn, in press). Indeed, the case has been made by Oaksford,
Chater, and Hahn (2008) that argumentation is the umbrella under which
all reasoning lies; in their words, it is ‘‘the more general human process of
which more specific forms of reasoning are a part’’ (p. 383).

The available developmental research indicates that children and adoles-
cents do not exhibit strong argument skills (Klaczynski, 2000; Kuhn, 1991;
Means & Voss, 1996; Perkins, 1985; Stanovich, Toplak, & West, 2008).
Moreover, little improvement is observed with age, and skill in informal
reasoning is not easy to induce. In his studies of belief bias in reasoning, Klac-
zynski and colleagues (Klaczynski; Klaczynski & Gordon, 1996) have shown
that extrinsic motivation has some but only a limited effect; as is the case with
other cognitive skills, development of meta-level understanding—in parti-
cular, enhanced understanding of discourse goals in the case of argumen-
tation (Kuhn, Goh, Iordanou, & Shaenfield, 2008)—and development of
effective strategies to meet these goals are essential. Consistent with this
claim, strong argument skills have been associated with more mature
epistemological understanding (Kuhn, 1991). In particular, Klaczynski and
Lavallee (2005) found epistemological beliefs—such as open-mindedness and
need for cognition—to be negatively correlated with belief-based reasoning.

The study presented here follows a line of work devoted to fostering the
development of argument skills in early adolescents based on engagement
and practice in argumentation (Felton, 2004; Kuhn, Shaw, & Felton,
1997; Kuhn, Goh, et al., 2008; Kuhn & Udell, 2003; Udell, 2007). Dialogic
argument that takes place between people, in addition to its importance in its
own right, is a promising pathway for the development of the nondialogic,
individual expository argument skills that figure prominently in academic
contexts. The two are intricately connected (Billig, 1987; Graff, 2003; Kuhn,
1991), with dialogic argument providing the ‘‘missing interlocutor’’ (Graff)
that is lacking in the individual expository argument of a single individual.
Moreover, dialogic argument has the advantage of building on the familiar
form of everyday conversational exchange.

The intervention method used in the work presented here is modeled on
the engagement and practice method first implemented by Kuhn et al.
(1997) and extended by De Fuccio, Kuhn, Udell, and Callender (2009),
Felton (2004), Kuhn and Udell (2003), Kuhn, Goh, et al. (2008), and Udell
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(2007). In these studies, young adolescents engage in dialogic argument with
a succession of peers who hold an opposing view on a social issue. Initially,
this work shows, adolescents focus their efforts on exposition of their own
position, consistent with the ‘‘myside bias’’ reported by Perkins (1985)
and others (Baron, 1995; Stanovich & West, 2007). They neglect attending
to the opponents’ claims and attempting to weaken their force. Walton
(1989) identifies this objective, along with securing commitments to support
one’s own claims, as the two basic goals of skilled argumentation. With sus-
tained practice, participants in these interventions gradually attend more to
the other’s contributions to the dialogue and develop skill in addressing
them directly in the form of counterarguments that attempt to weaken their
force. In addition, they show increased metacognitive control over the dia-
logic process (Kuhn, Goh, et al., 2008). The key question the present study
addresses is that of transfer of argumentation skills across domains. Do
skills developed in one domain transfer to others? The answer to this key
question has practical implications, as well as theoretical ones with regard
to the nature of the skill itself. Can developing skill in argumentation itself
be identified, or is such skill specific to the content and=or context in which
it is acquired? Although there is evidence for such transfer between social
and scientific domains in scientific reasoning (Kuhn, Garcia-Mila, Zohar,
& Andersen, 1995; Zimmerman, 2000, 2007), the question has not been
specifically addressed with respect to argumentation skills.

A particular feature of the present study is its use of instant-messaging
(IM) computer software as the medium of discourse, following the success-
ful use of this method by Kuhn, Goh, et al. (2008). Several studies by other
researchers (Andriessen, 2006; Bell & Linn, 2000; Clark & Sampson, 2007;
see Clark, Stegmann, Weinberger, Menekse, & Erkens, 2008, for a review
of studies using technology-enhanced environments to support argumen-
tation) suggest that this medium is a fruitful one for scaffolding argumen-
tation in science domains. In contrast to these studies, however, the
present method involves no software-based scaffolding of argument con-
struction and evaluation, beyond the IM software itself. As a rationale for
use of the IM methodology, Kuhn, Goh, et al. (2008) suggest that it offers
support for the development of meta-level awareness regarding the dis-
course. It has the benefit of providing an immediately available, permanent
record of the discourse for participants to reflect on, in contrast to the con-
ditions of real-time verbal discourse, where the contents of each contribu-
tion to the dialogue immediately disappear as soon as they are spoken.

Research on adolescents’ argumentation skills has until now focused on
their reasoning about social issues. The present study includes a topic in the
physical science domain. The choice of a physical science domain as the
additional domain that allows investigation of the question of transfer
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was prompted by the growing centrality of argumentation in the field of science
education. Science educators increasingly have come to see argumentation as
central to science learning (Jiménez-Aleixandre & Erduran, 2008). Yet, studies
that have undertaken explicit teaching of argument skills in a scientific context
have shown mixed results (Mercer & Littleton, 2007; Osborne, Erduran, &
Simon, 2004; Zohar & Nemet, 2002), specifically with respect to key skills of
considering alternative positions and integrating evidence with claims. Zohar
and Nemet’s findings in particular suggest that engagement and practice in
discourse itself is essential to developing such skills, as do related studies by
Mason (1998) and Naylon, Keogh, and Downing (2007).

A potential problem with applying in a science domain the dialogic meth-
ods used in work to foster development of argument skills is that young stu-
dents are widely regarded as lacking sufficient knowledge about science
topics to engage in productive debate. In the present work, this challenge
is addressed by providing participants with a constrained knowledge base
(a set of ‘‘possibly relevant facts’’) that is equated across participants (and
topics) and can serve as a resource for their argumentation.

The research design is a straightforward one in which participants are
randomly assigned to one of two intervention conditions—social content
or science content—and their argument skill level is assessed before and
after the intervention in both the social and science domains. A third non-
intervention (control) group is included for comparison. The key question
asked here is the degree to which advances in argument skill within the inter-
vention experience situated in a social-domain topic will transfer to skill
with respect to the science-domain topic, and vice versa. Does such transfer
occur, and if so does it occur in a symmetrical manner (i.e., equally in either
direction)? Or is the pattern asymmetrical, with transfer in one direction
(science to social) easier or more difficult to achieve than transfer in the
other direction (social to science)?

In addition, a measure of epistemological understanding (Kuhn, Cheney,
& Weinstock, 2000), described more fully in the ‘‘Initial and Final Assess-
ments’’ section, was administered at the beginning and end of the inter-
vention, to probe how the intervention may have affected epistemological
understanding in scientific and social domains. A number of researchers
concerned with argumentation (Hofer & Pintrich, 2002; Kuhn, in press;
Mason, 2003) have proposed that as important as advances in argument
skill are advances in epistemological understanding of the purpose and goals
of argument in the construction of knowledge. In particular, previous
work (see Greene, Azevedo, & Torney-Purta, 2008; Kuhn, in press; Kuhn,
Iordanou, et al., 2008; Mason & Scirica, 2006; Muis, Bendixen, & Haerle,
2006) identifies two major transitions that have the potential to be affected
by an argumentation intervention. One is the transition from an absolutist
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level of belief in certain, accumulating knowledge to a multiplist level in
which the human, subjective, and constructive aspect of knowing dominates.
A second transition is from a multiplist to an evaluativist level of epistemo-
logical understanding, in which the subjective and objective components of
knowing are integrated and it is recognized that claims can be compared and
evaluated in a context of evidence and argument (Kuhn et al., 2000).

METHOD

Participants

Participants were 62 sixth graders from a public elementary school in a
middle-class suburban area in the country of Cyprus. The 44 participants
in the experimental conditions consisted of the entire sixth grade, and the
18 participants in the control condition were randomly chosen from the fol-
lowing year’s sixth graders at the same school. All were 11 or 12 years of
age; 38 were boys and 24 were girls (27 boys and 17 girls in the experimental
condition and 11 boys and 7 girls in the control condition). Participants
were primarily from a middle-class population. Roughly 30% were from
minority ethnic groups. Four participants in the experimental condition (3
boys and 1 girl), whose language abilities were judged by the school system
as needing remediation, participated but were not included in the analysis.

Initial and Final Assessments

Participants’ argument skills were assessed on the home-school (social) topic
and the dinosaur extinction (science) topic, described in the ‘‘Individual
Argument’’ section, at both initial and final assessments. Control group
participants underwent assessments on both topics at the same times of
year—with the same time interval between initial and final assessment—as
the experimental group, but a year later. At both assessments, participants
were also administered two items—one in a social domain and one in a
science domain—from Kuhn et al.’s (2000) instrument assessing levels of
epistemological understanding. Each item involved two conflicting positions
on an issue. Participants were asked whether only one position could be
right (identified by Kuhn et al. (2000) as an absolutist epistemological level)
or both could have some rightness. If participants chose the latter option,
they were then asked whether the positions were necessarily equally valid
(a multiplist or relativist level) or whether one position might be better or
more right than the other (an evaluativist level).

Participants were told they were going to work on a project regarding
some issues that have come up and must be resolved in forming a new town
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in an unspecified location. The issues they would debate, they were told,
involved the school that would be established in the town. One issue was
whether children in the town must attend the town school or whether parents
can be allowed to home school their children if they wish to (social topic). The
other issue concerned which of two competing explanations should be
presented in science classes regarding dinosaur extinction (science topic).

1. Individual argument. Initial positions and supporting arguments
regarding the social topic—home-school (HS)—and the science topic—
dinosaur extinction (DE)—were assessed individually in writing. A short
passage introduced the scenario. For the HS topic, the scenario was the
following:

A problem has come up. The Ito family has moved to the edge of town from
far-away Japan with their 11-year-old son Aki. Aki was a good student and
baseball player back home in Japan. The family will stay in the new town
for 1 year, and Aki’s parents have decided that in this new place, they want
to keep Aki at home with them and teach him in Japanese, instead of having
him be at the school. The family speaks only Japanese, and they think Aki will
do better if he sticks to his family’s language and doesn’t try to learn Greek.
They say they can teach him everything he needs at home. What should hap-
pen? Is it okay for the Ito family to live in the town but keep Aki at home, or
should they send their son to the town school like all the other families do?

Participants indicated their position by choosing among the following
options: ‘‘Aki should go to the town school,’’ ‘‘Aki can be taught at home,’’
and ‘‘Undecided.’’

For the DE topic, the scenario was the following:

A chapter is going to be included in the sixth graders’ science book to explain
dinosaurs’ disappearance. A problem has come up. A scientist, who was called
to give his view of the issue, claims that dinosaurs were quickly exterminated
due to the difficult climate conditions caused by the collision of an asteroid
with the Earth. However, another scientist who was also called to give his view
about the issue claims that dinosaurs gradually disappeared due to the difficult
climate conditions caused by a series of giant volcanic eruptions that lasted for
several million years. What should happen? Should students be taught that
dinosaurs were quickly exterminated by the collision of an asteroid with Earth
or that dinosaurs gradually disappeared due to giant volcanic eruptions?

Response options for this topic were: ‘‘Dinosaurs were quickly exterminated
by the collision of an asteroid with the Earth,’’ ‘‘Dinosaurs gradually
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disappeared due to giant volcanic eruptions,’’ and ‘‘Undecided.’’ For each
scenario, participants were also asked to indicate the certainty of their
position on a 6-point Likert scale, with endpoints labeled ‘‘totally certain’’
and ‘‘totally uncertain.’’ They were then asked for reasons supporting their
position and finally for reasons that would support the opposing view.

2. Dialogic electronic argument with opposing-view partner. For each
topic, two groups of 20 participants each were formed. The assignment was
based on the position statement expressed on the 6-point opinion scale in the
initial individual assessment, except for a few cases where it was not clear
and it was necessary to consider the reasons participants offered in order
to make the assignment. The participants who indicated they were unde-
cided gave reasons on both sides of the issue. They were assigned to one
or the other position in a way that served to equate the number of parti-
cipants on each side. For the DE topic, one group consisted of 19 parti-
cipants who chose the volcano position and 1 undecided participant;
another group consisted of 12 participants who were in favor of the asteroid
position and 8 who were undecided. Similarly, for the HS topic, two groups
of 20 participants each were formed. One group consisted of 20 participants
who chose the home-school option, and another group consisted of 15 part-
icipants who chose mandatory town-school and 5 who were undecided. In
the control group, no participants were undecided, and by chance, there
was an equal number of participants supporting each side for both topics.

By drawing one from each of the contrasting groups for the topic, pairs
of opposing-side participants were formed for each topic. Pairs were differ-
ent for the two topics. This pair engaged in an initial and final dialogic inter-
change on the topic, prior to and following the intervention. To conduct
these dialogues, the two members of the pair were situated on different sides
of the room in a computer lab, facing away from one another and thus
restricting verbal exchange or eye contact. Dialogues were implemented
by IM chat software (MSN). Before pairs discussed each topic, they were
reminded of the scenario and given the following instruction:

You are here to have a serious discussion about the topic of what caused dino-
saurs’ extinction (or home-school). You have different views on the topic.
State your views and your reasons for them. Find out where you agree and dis-
agree. If you disagree, figure out why and try to reach an agreement if you can.

The dialogues lasted up to 20 minutes; participants completed the dialogue
when the time elapsed or earlier if they said they had finished. Each partici-
pant engaged in a dialogue on the social topic with an opposing-side partner
and in a dialogue on the science topic with a different opposing-side partner.
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The order of dialogues on the science and social topics was counterbalanced
across participants. Transcripts of the dialogues were saved for analysis.

Intervention

Each participant in the experimental condition was randomly assigned to
one of two conditions: a) the social condition (SOC) or b) the science con-
dition (SCI). Those in the SOC participated in an intervention involving the
HS topic. Those in the SCI participated in an intervention involving the DE
topic. The two genders were equally represented in the two conditions. The
two intervention conditions were identical except for the topic (HS or DE).
Participants in the control condition did not participate in an intervention.

The intervention took place during thirteen 40-minute sessions occurring
twice per week in the participants’ classroom. Because of school holidays,
it took approximately 2.5 months to be completed. The two experimental
interventions (SOC and SCI) took place simultaneously, with participants
taking part in only one of the two. Participants were told that they were pre-
paring for a final ‘‘showdown’’ in which they would debate their topic, either
HS or DE, with the group of their classmates who held the opposing view.

1. Preparation for supporting reasons with evidence. Following the
pedagogical objectives identified by Kuhn and Udell (2003; Appendix A),
an initial goal was to make explicit the concept of evidence as strengthening
a claim. Participants in each condition were divided into the two teams
based on their position and used in formation of pairs for initial and final
assessments, as described earlier. (Participants in the SOC were divided into
the home-school and the town-school teams. Participants in the SCI were
divided into the volcanoes and the asteroid teams). Participants were given
a list of ‘‘some possibly relevant facts.’’ This list contained 16 facts, 8 sup-
porting each position, presented in a random order. An illustration of 1
from the DE fact sheet is, ‘‘Large quantities of iron and other metals that
include iridium have been found at the Earth’s core.’’ An illustration of 1
from the HS fact sheet is, ‘‘There are published curriculum books available
in bookstores that guide the teaching of subjects like math and history. They
suggest what to teach the child at each point.’’ Participants were asked to
review this information individually and then to decide as a team if there
were any facts they wished to make use of. They discussed as a group what
the implications of each of these facts were. An adult coach, who was a
researcher, facilitated each group’s work, helping to keep them focused on
their task when necessary and answering questions but offering no direct
instruction or feedback.

300 IORDANOU



2. Paired dialogic electronic argument with opposing-view pair. Same-
gender pairs (who shared the same view on the topic) were formed within
each team. The same-side pairs remained together until the showdown prep-
aration (see point 4 below). The pair conducted an electronic dialogue with
another pair on the opposite side of the room who held the opposing pos-
ition on the topic. As was the case for the dialogic electronic argument at
initial and final assessments, participants did not know the identity of their
IM opposing partners. Oral instructions provided to each pair were to col-
laborate with their partner to determine what they wished to say and, when
they reached agreement, to enter their response and send it to the opposing
pair. Two adult coaches circulated, and when asked, they helped with tech-
nology issues and especially the less skillful typing pairs to type their
responses. Dialogues lasted an average of 25 minutes. At the next session,
each pair debated with a different opposing pair until each pair had debated
every opposing pair—a total of five paired dialogue sessions.

3. Reflective analysis of transcripts from previous argument ses-
sions. After three dialogue sessions had been completed, reflective analysis
was introduced. In this activity, a pair analyzed the printed transcript of
their immediately preceding session’s dialogue. Two reflection sheets were
provided: the ‘‘Other Argument’’ and the ‘‘Own Argument’’ reflections.
With the help of the ‘‘ ‘Other Argument’ Reflection Sheet’’ (Appendix B),
the pair’s task was to analyze the opposing side’s argument and reflect on
the effectiveness of the counterargument they made and consider possible
improvements to this counterargument.

With the help of the ‘‘ ‘Own Argument’ Reflection Sheet’’ (Appendix C),
the pair’s task was to review and evaluate the counterarguments made by
the opposing side to their own arguments and their rebuttals to these coun-
terarguments, and consider possible improvements to their rebuttals. When
some pairs finished the reflective analysis of their own dialogue’s transcript,
they exchanged transcripts and reflection sheets with other pairs to give and
receive feedback. The coaches facilitated the process by prompting parti-
cipants to think of whether their responses to the opposition were as con-
vincing and effective as they could be.

The first reflective session, using the ‘‘Other Argument’’ reflection sheet,
occurred after the third dialogic session; the second reflective session, using
the ‘‘Own Argument’’ reflection sheet, occurred after the fourth dialogic ses-
sion; the third reflective session, using both reflective sheets, occurred after
the fifth dialogic session (see Appendix D for design summary).

4. ‘‘Showdown’’ preparation session. The participants who had been
working together as a pair for dialogue and reflection sessions separated
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and were assigned to two different preparation teams. One team was
assigned to be ‘‘own argument’’ specialists and the other was assigned to
be ‘‘other argument’’ specialists. Each preparation team had an adult coach
to facilitate the group process. Both groups were told that the purpose of
this session was to prepare for the impending ‘‘showdown.’’

The ‘‘own argument’’ specialists were told that their task was to become
familiar with the possible counterarguments the opposition might assert and
to prepare rebuttals to use in the showdown. The team created a set of ‘‘own
argument–counter–rebuttal’’ sequences that were recorded onto color-coded
cards, distinguishing each part of the argument sequence. The reflection
sheets completed in previous sessions were made available for this activity
and further possible improvements were considered.

Members of the other team were the ‘‘other argument’’ specialists. Their
task was to review effective counterarguments to use when faced with oppo-
nents’ arguments. The cards produced by this team reflected the argument
sequence of ‘‘other argument–counter.’’ Again, the reflection sheets were
made available for this activity and further possible improvements were
considered.

5. ‘‘Showdown’’. Participants on each side of the issue were divided into
two teams of five members—Team A and Team B. The previous ‘‘specia-
lists’’ (own argument and other argument) were represented equally on
Team A and Team B.

Team A and Team B participants on each side were seated in different
rooms, and the two sides communicated through IM software. The dialogue
was projected onto a wall screen in each room. All members collaborated to
come to an agreement on the text to be sent to the opposing side. One
member of each team was designated as typist. During the first half of
the showdown, the A teams debated. At half-time, a team change took
place and the B teams continued the debate. The showdown thus consisted
of a single electronic dialogue between the two sides of approximately 40
minutes duration.

6. Judging and feedback. The electronic dialogue produced in the
showdown was represented in an argument map prepared by the research-
ers. Different columns appeared for each team, with their contributions
arranged in order of occurrence from top to bottom. All statements were
represented and connected by lines to show their interrelation. Different
colors were used to label statements as effective, ineffective, or neutral
argumentative moves. A point system was also applied, making it possible
to declare a winning team. The argument map and associated point scoring
were presented to participants in a session following the showdown.
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Post-Intervention Assessment

The final assessment was identical to the initial assessment. Participants
engaged in a single computer-mediated dialogue with the same partners as
in the initial assessment on both the HS and DE topics, as described under
‘‘Initial Assessment.’’ Because two participants were absent during the final
assessment, their partners at initial assessment (four participants, two for
each topic) were matched with another participant who already had partici-
pated in a dialogue.

RESULTS

To examine the effectiveness of the intervention in developing argumen-
tation skills in topics that spanned two domains—physical science or social
science—and to investigate whether argumentation skills developed in one
domain transfer to another, electronic dialogues at initial and final assess-
ments were examined.

Coding Electronic Discourse Strategies

The analysis is based on the 116 electronic dialogues produced at initial and
final assessments by participants in the two experimental and one control
conditions on the social and the science topics (56 dialogues per topic).
Two participants, one from the social experimental condition and one from
the control condition, were absent during the final assessment and were
excluded from the analysis. The dialogues were analyzed based on the argu-
mentive discourse scheme used in previous research (Kuhn, Goh, et al.,
2008).

The coding scheme is a functional one, designed to assess the functional
relation between an utterance and the opponent’s immediately preceding
utterance. An utterance is defined as the minimum idea unit that serves a spe-
cific function in the conversational exchange. Each utterance in the discourse
was segmented and categorized as reflecting one of the single-utterance argu-
mentative operations in the coding scheme (Appendix E).

For coding meta-level statements—that is, statements about the dialogue
rather than contributions to it—the revised coding scheme developed by
Kuhn, Goh, et al. (2008) was used. Each meta-level utterance in the
discourse was segmented and categorized as reflecting one of the single-
utterance meta-level operations in the coding scheme (Appendix E).

Thirty percent of the dialogues were randomly selected and used to
calculate inter-rater reliability. Two trained coders blind to the treatment,
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time, and identity of the participants, participated in segmenting and cod-
ing. Coders’ percentage of agreement on coding was 89% (Cohen’s Kappa¼
.87). After establishing inter-rater reliability, the remaining electronic dialo-
gues were segmented and coded by one of the raters, again blind to treat-
ment, time, and identity of participants.

Length and Number of Utterances

Before turning to the main analysis, based on type of argumentation strate-
gies used, two quantitative indicators were examined that, while hardly con-
clusive on their own, provide an initial, albeit superficial, indication of
change in argument skill. These are changes in the number of utterances
in a dialogue and in the length of those utterances. These analyses showed
that participants’ contributions to the dialogues became both longer and
more numerous from initial to final assessment. A 3 (Condition)� 2
(Time)� 2 (Topic) repeated-measures analysis of variance (ANOVA) com-
paring the three conditions was used to assess whether the conditions had
differential effects on the number of words contained in each utterance. A
three-way analysis revealed a three-way Topic�Time�Condition interac-
tion, F(2, 53)¼ 8.50, p¼ .001, partial g2¼ .24. On the social topic, SOC part-
icipants doubled the length of their utterances—from 6.71 (SD¼ 2.15) to
12.66 (5.06)—by the end of the intervention, whereas SCI participants
showed no change—from 8.39 (2.65) to 8.93 (3.18). On the science topic, both
experimental conditions showed increases in the length of their utterances,
from 5.77 (1.94) to 9.56 (4.22) in the case of the SOC and from 6.81 (2.01) to
10.09 (4.22) in the case of the SCI. Participants in the control condition showed
a decline in length of utterances on both topics, from 9.05 (4.15) to 6.57 (1.79)
on the social topic and from 7.99 (2.32) to 5.62 (1.51) on the science topic.

A three-way analysis of mean number of coded utterances revealed a sig-
nificant three-way interaction, F(2, 53)¼ 4.66, p¼ .014, partial g2¼ .15.
SOC participants increased from 9.70 (SD¼ 3.07) to 11.90 (SD¼ 3.43) on
the social topic and from 8.40 (3.39) to 12.20 (4.31) on the science topic.
SCI participants increased from 8.45 (4.42) to 14.75 (5.84) on the social
topic and from 7.95 (2.89) to 12.10 (3.98) on the science topic. Control con-
dition participants, in contrast, decreased from 9.80 (4.70) to 4.90 (1.87) on
the social topic and from 8.80 (3.68) to 6.50 (4.54) on the science topic.
Between-subjects analysis, using a Helmert contrast, showed that the two
experimental conditions differ from the control condition, F(2, 53)¼ 9.67,
p< .001, partial g2¼ .27. A 3 (Condition)� 2 (Time) analysis on each topic
separately confirmed the observed difference between experimental con-
ditions and control condition on the social topic, F(2, 53)¼ 22.2, p< .001,
partial g2¼ .46, and on the science topic, F(2, 53)¼ 3.95, p¼ .007, partial
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g2¼ .13. No significant difference between the two experimental conditions
was observed for either topic.

Argumentation Skill at Initial and Final Assessment

Assessment of the quality of argumentation is based on the coding scheme
described under ‘‘Coding Electronic Discourse Strategies.’’ Analysis focused
on those categories that accounted for greater than 5% of utterances, aver-
aged across dialogues, at both initial and final assessment. These categories
are Clarify, Counter-A (Counter-Alternative, consisting of disagreement
together with proposal of an alternate argument), and Counter-C (Counter-
Critique, consisting of disagreement accompanied by a critique of the
opponent’s argument; see Appendix F for examples). All other categories
accounted for 5% or less of utterances at the initial and=or the final assess-
ment. Counter-C, Counter-A, and Clarify are the argumentation strategies
that in previous research have been found to either decrease (Clarify) or
increase (the two types of Counterarguments) with practice (Felton, 2004;
Kuhn, Goh, et al., 2008; Kuhn & Udell, 2003), as arguers begin to recognize
the relevance of and accord more attention to their opponent’s statements.
Given the differences in number of utterances across time and conditions,
percentages of usage were calculated for each participant, rather than
frequencies. An arcsine transformation was used to normalize these propor-
tions. To test the effect of conditions, a 3� 2� 2 (Condition�Topic�Time)
repeated-measures ANOVA was performed—with Topic and Time as the
within-subject variables—as was a 3� 2 (Condition�Time) repeated-
measures ANOVA for each topic separately.

Use of Counterarguments on Intervention and Nonintervention Topic

In analyzing changes in counterargument usage across conditions, two indi-
cators were employed. The first is the proportion of utterances that were
coded as counterarguments, including both the more accomplished
Counter-C strategy—which seeks to directly weaken the force of the oppo-
nent’s preceding argument (see example in Appendix F)—and the less
accomplished Counter-A strategy—which does not directly address the
opponent’s preceding argument but proposes an alternative argument (see
example in Appendix F). The second is the proportion of utterances that
were coded as Counter-Cs.

Overall counterarguments. An analysis of overall counterargument
usage revealed a three-way interaction, F(2, 53)¼ 11.08, p< .001, partial
g2¼ .30, for Condition�Time�Topic. Overall, participants at the initial
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assessment showed greater usage of counterargument strategies on the social
topic than the science topic (suggesting that the social topic is more facilita-
tive of counterargument). By the end of the intervention, however, parti-
cipants in both experimental conditions increased their counterargument
usage, with the SCI participants exhibiting equivalent achievement on both
topics.

A two-way analysis on the social topic showed that there is a significant
Time�Condition interaction, F(2, 53)¼ 44.58, p< .001, partial g2¼ .63. As
shown in Figure 1, the two experimental conditions were equally effective in
raising overall counterargument usage on the social topic, whereas the con-
trol condition was not effective, F(2, 53)¼ 10.26, p< .001, partial g2¼ .28.
Of particular interest is the fact that participants in the SCI were able to
show transfer of their counterargument skill to the social topic—in fact to
the same extent as that shown by participants in the SOC, for whom it
was their intervention topic.

A two-way analysis for the science topic also showed a significant
Time�Condition interaction, F(2, 53)¼ 51.73, p< .001, partial g2¼ .66.
Although the two experimental conditions were effective in raising overall
counterarguments, compared with the control condition, F(2, 53)¼ 36.75,
p< .001, partial g2¼ .58, the magnitude of their effectiveness was different,

FIGURE 1 Percentage of utterances that were coded as overall counterargument on the social

topic (HS) by condition.
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p< .001. As seen in Figure 2, the SCI was more effective in raising overall
counterargument usage (M¼ 56.1%, SD¼ 15.18) on the science topic than
the SOC (M¼ 32.92%, SD¼ 20.4). However, Bonferroni post-hoc analysis
revealed that the SOC produced significantly more counterarguments com-
pared with the control condition (M¼ 2.42%, SD¼ 7.39), demonstrating the
ability of the SOC participants to transfer their counterargument skills to
the nonintervention science topic.

Counter-C. A 3� 2� 2 (Condition�Time�Topic) repeated-measures
ANOVA for Counter-C revealed a three-way interaction, F(2, 53)¼ 4.59,
p¼ .015, partial g2¼ .15. Again, at the initial assessment, participants
showed greater usage of Counter-C on the social topic. A separate two-way
(Condition�Time) repeated-measures ANOVA for the social topic showed
a significant Time�Condition interaction, F(2, 53)¼ 24.81, p< .001, partial
g2¼ .48. The two experimental conditions were comparably effective in rais-
ing Counter-C usage, compared with the control condition, F(2, 53)¼ 4.07,
p¼ .023, partial g2¼ .13. As seen in Figure 3, participants in the SOC
increased from 7.03% (SD¼ 10.46) to 45.72% (SD¼ 16.42), and participants
in the SCI increased from 9.09% (13.21) to 43.76% (15.35), whereas control
participants showed no improvement.

FIGURE 2 Percentage of utterances that were coded as overall counterargument on the

science topic (DE) by condition.
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FIGURE 3 Percentage of utterances that were coded as Counter-C on the social topic (HS) by

condition.

FIGURE 4 Percentage of utterances that were coded as Counter-C on the science topic (DE)

by condition.
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A two-way analysis for the science topic showed a significant Time�
Condition interaction, F(2, 53)¼ 28.03, p< .001, partial g2¼ .51. As in the
analysis of overall counterarguments, only participants in the experimental
conditions showed an increase in Counter-C usage, F(2, 53)¼ 20.18,
p< .001, partial g2¼ .43. However, as shown in Figure 4, the increase exhib-
ited by participants in the SCI, from 1.83% (SD ¼ 4.97) to 41.48%
(SD¼ 18.01), was greater than the one exhibited by participants in the
SOC, from 1.71% (5.26) to 22.56% (18.36). Those in the SOC nevertheless
showed greater improvement in Counter-C usage in the science topic com-
pared with the control group (Bonferroni post-hoc test, p¼ .019), demon-
strating their transfer of Counter-C skill to the nonintervention topic.

Participants in both experimental conditions exhibited some transfer of
their gains in Counter-C usage to the nonintervention topic. However, those
in the SCI were able to transfer their Counter-C skills to the nonintervention
topic to the same level that these skills weremastered in the intervention topic.

Individual patterns of change. In addition to analyses of group trends,
equally informative are analyses of changes at the individual level. The per-
centage of participants who produced at least three counterarguments or
Counter-Cs was examined. The criterion of ‘‘at least three’’ ensures that
production of counterargument was not a random incident, but the result
of significant mastery of the skill. Before examining change, I looked for evi-
dence at the individual level to confirm the group pattern suggesting that the
social topic is in general more facilitative of counterargument. Individual-level
analysis further supported this finding: At initial assessment, no participants
exhibited adequate mastery of Counter-C or counterargument usage in the
science topic, whereas 18%—10 of 56—produced at least three Counter-Cs
and 29%—16 of 56—produced at least three counterarguments on the social
topic at the initial assessment (Fisher’s Exact Test, p< .001).

Turning now to change, Table 1 presents the percentages (and numbers)
of participants who made at least three Counter-Cs and counterarguments
at initial and final assessment on both the intervention and nonintervention
topics. Whereas both experimental conditions showed increased usage of
counterargument strategies on both topics, none of the control condition
participants produced more than three Counter-Cs or counterarguments
on either the social or the science topics at the final assessment.

Finally, the discrepancy between SOC and SCI with respect to ability to
transfer counterargument skill to a different domain was still distinctive.
Only about half—11 of 19—of the SOC participants were able to produce
at least three Counter-Cs on the science topic (transfer topic), whereas
almost all—18 of 20—of the SCI participants did so on the social topic
(transfer topic) at the final assessment.
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Use of exposition (clarify) on the intervention and nonintervention
topic. The expectation of a decline in the proportion of Clarify utterances
as participants devoted more attention to counterargument was confirmed.
A three-way ANOVA for Clarify revealed a Time�Condition significant
interaction, F(2, 53)¼ 6.96, p¼ .002, partial g2¼ .21. These results were also
supported by a two-way analysis for each topic separately. The two experi-
mental conditions were equally effective in decreasing the proportion of
utterances devoted to exposition of own position on both topics. A two-way
analysis showed a significant Time�Condition interaction for both the
social topic, F(2, 53)¼ 5.50, p¼ .007, partial g2¼ .17, and the science topic,
F(2, 53)¼ 3.84, p¼ .028, partial g2¼ .13. SOC participants decreased from
30.26% (SD¼ 18.97) to 9.40% (SD¼ 9.65) on the social topic and from
30.26% (18.97) to 9.40% (9.65) on the science topic. Similarly, SCI parti-
cipants decreased from 37.64% (SD¼ 21.24) to 14.75% (SD¼ 9.93) on the
social topic and from 40.98% (21.46) to 12.96% (11.94) on the science topic.
In contrast, control participants showed almost no change, exhibiting
38.83% (18.29) at initial assessment and 39.79% (17.98) at the final assess-
ment on the social topic and 44.03% (23.98) at initial assessment and
42.45% (27.27) at the final assessment on the science topic.

Use of rebuttal on the intervention and nonintervention topic. A further
important aspect of argument skill is the extent to which arguers are able to
maintain focus and consistency in intent and execution to an extent that
enables them to sustain the critique of one another’s arguments. To examine
this skill, both the frequency of rebuttals and the length of rebuttal strings
were observed. Rebuttal is defined as a Counter-C immediately following

TABLE 1

Initial and Final Percentages (and Number) of Participants Who Produced at Least Three

Counter-Cs and at Least Three Counterarguments by Topic and Condition

Counter-Cs Counterarguments

Topic Condition

Initial

assessment

Final

assessment

Initial

assessment

Final

assessment

Social Topic Social (N¼ 19) 21% (4) 95% (18)� 21% (4) 100% (19)��

Science (N¼ 20) 5% (1) 90% (18)� 10% (2) 100% (20)��

Control (N¼ 17) 29% (5) 0% (0) 59% (10) 0% (0)���

Science Topic Social (N¼ 19) 0% (0) 58% (11)� 0% (0) 74% (14)��

Science (N¼ 20) 0% (0) 90% (18)�� 0% (0) 100% (20)��

Control (N¼ 17) 0% (0) 0% (0) 0% (0) 0% (0)

�p¼ .001, McNemar test. ��p< .001, McNemar test. ���p< .002, McNemar test.
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a counterargument by the opposing partner (Felton & Kuhn, 2001; Kuhn &
Udell, 2003). When the opponent critiques one’s argument, through either a
Counter-A or a Counter-C, the subject rebuts the opponent’s critique by
taking back the force of his or her own argument. Rebuttals entail a
sequence of strategies involving both opponents—a rebuttal cannot be made
in the absence of a counterargument by the opponent. Therefore, a different
form of analysis is required than that employed for the counterargument
strategies. Because participants’ failure to make a rebuttal could be due
either to lack of ability or lack of opportunity, to exclude the latter possi-
bility, analysis of rebuttal included only those participants who had an
opportunity to make a rebuttal.

On the social topic, only half of the experimental condition participants—
17 of 39—had an opportunity to make a rebuttal at initial assessment, and
of those who had an opportunity only half of them did so—9 of 17. A
significantly higher proportion of control condition participants made a
rebuttal—13 of 14—at initial assessment on the social topic (a¼ .018,
Fisher-Irwin test). Most of the control condition participants had an
opportunity to make a rebuttal and almost all of them did so. At the final
assessment, however, the proportion of experimental condition participants
who made a rebuttal—38 of 39—was significantly higher than the corre-
sponding proportion of the control condition participants—2 of 8
(a¼ .018, Fisher-Irwin test). No significant difference was observed between
the two experimental conditions on the social topic.

On the science topic, only a few participants had an opportunity to make
a rebuttal at initial assessment—11 of 57—across all conditions, and only a
few of these actually made a rebuttal—3 of 11. Yet, at the final assessment,
the proportion of experimental condition participants who produced a
rebuttal—33 of 37—was significantly higher than the proportion of control
condition participants who did so—0 of 3 (a< .001, Fisher-Irwin test). In
addition, a difference was observed in performance across the two experi-
mental conditions. Although all of the SCI participants who had an opport-
unity to make a rebuttal did so—20 of 20—not all of the SOC participants
who had an opportunity to make a Rebuttal did so—13 of 17 (a¼ .036,
Fisher-Irwin test). This finding of the differential performance of the SOC
and SCI participants on the science topic is consistent with the differences
across conditions observed in overall counterargument and Counter-C
usage analysis.

Finally, the length of rebuttal strings was examined. A length of 1 repre-
sents a sequence of assertion–counterargument–counterargument (rebuttal);
a length of 2 represents a sequence consisting of assertion–counterargument–
counterargument (rebuttal)–counterargument (rebuttal; see example in
Appendix F).
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Results showed that experimental condition participants who had the
opportunity to make rebuttals increased the length of rebuttal sequences
from initial to final assessment on both topics, whereas control condition
participants who had rebuttal opportunity showed no increase from initial
to final assessment. Among SOC participants having rebuttal opportunity,
mean length of rebuttal increased from 2.5 to 3 on the social topic and from
1 to 2.25 on the science topic. Among the corresponding group of SCI part-
icipants, length of Rebuttal increased from 1 to 2.49 on the social topic and
from 0 to 2.71 on the science topic. Due to the reduced sample size, however,
a statistical analysis was not conducted.

Belief Revision

To examine whether argumentation taking place during the intervention
affected participants’ positions, their responses on the opinion scale—
administered at initial and final assessment—were used. On the intervention
topic, none of the participants in the SOC and only one of the participants
in the SCI changed their position (the latter changed her position to ‘‘unde-
cided’’). Because argument skill was the focus of interest here, belief revision
was not examined further.

Epistemological Levels

Table 2 presents by condition the number of participants who from initial to
final assessment either relinquished an absolutist position (Table 2a) or
attained an evaluativist position (Table 2b) in social and science domains.
As seen in Table 2, evaluativist positions became more prevalent at the final

TABLE 2a

Number of Participants Showing an Absolutist Position at Initial and Final

Assessment by Topic and Condition

Topic Condition Initial assessment Final assessment

Social Social (N¼ 19) 12 (63%) 2 (10.50%)�

Science (N¼ 20) 14 (73%) 7 (36.80%)��

Control (N¼ 17) 3 (17.64%) 11 (64.70%)����

Science Social (N¼ 19) 7 (36%) 3 (15.80%)

Science (N¼ 20) 9 (45%) 3 (15%)���

Control (N¼ 17) 4 (23.50%) 3 (17.60%)

�Significant change, p¼ .002, McNemar test. ��Significant change, p¼ .016, McNemar test.
���Significant change, p¼ .031, McNemar test. ����Significant change, p¼ .008, McNemar test.
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assessment, compared with the initial assessment, but only in the domain of
the intervention condition. That is, participants in the SCI showed signifi-
cant advance in the science domain only, whereas participants in the SOC
showed significant advance in the social domain only, and participants in
the control condition showed no advance. Note, however, that for the social
topic, the performance of participants in the SCI almost equaled that of
participants in the SOC, whereas the reverse was not true. The SOC did
not effect comparable progress in the science domain. It was in the science
domain that the greatest change was observed, with participants becoming
increasingly likely to accept the idea of multiple positions amenable to
evaluation, but only among participants whose intervention was in the
science domain.

DISCUSSION

The present study shows that argumentation skills in scientific domains are
amenable to development as are skills in social domains, using an electronic
dialogue method centered on engagement, practice, and reflection. This
method proved also to be successful in producing transfer of argument skills
across domains in both directions—from a science to social topic and from a
social to science topic, a result critical in establishing the generality of such
skills across different content. However, a difference in the magnitude of
transfer was observed. The science condition did the better job of increasing
levels of counterargument on the science topic, while the two conditions
were equally effective in increasing levels of these strategies on the social
topic. Discussion begins with the results for the domain in which parti-
cipants engaged in the intervention and then proceeds to the issue of transfer
of this skill across domains.

TABLE 2b

Number of Participants Showing an Evaluativist Position at Initial and

Final Assessment by Topic and Condition

Topic Condition Initial assessment Final assessment

Social Social (N¼ 19) 2 (10.50%) 8 (42%)�

Science (N¼ 20) 3 (15%) 8 (40%)

Control (N¼ 17) 5 (29.40%) 2 (11%)

Science Social (N¼ 19) 3 (15.80%) 7 (36.82%)

Science (N¼ 20) 5 (38.50%) 13 (65%)��

Control (N¼ 17) 8 (47%) 9 (50%)

�Significant change, p¼ .031, McNemar test. ��Significant change, p¼ .008, McNemar test.
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Development of Argument Skills Within a Domain

The intervention proved effective in developing participants’ argumentation
skills in the domain in which it was carried out. Participants exhibited an
increased frequency of usage of advanced (counterargument and rebuttal)
argument strategies and decreased frequency of less advanced (exposition)
strategies within the context of their intervention topic. Although initially
only a few participants exhibited the Counter-C strategy, by the end of
the intervention all did so. Regarding the advanced strategy of rebuttal,
of the participants who had an opportunity to make a rebuttal, only a
few made a rebuttal at initial assessment, whereas all did so in the science
condition and all but one in the social condition at the final assessment.
In addition, participants exhibited increased proportion of usage of the
more advanced Counter-C strategy in contrast to the less advanced
Counter-A strategy. Social condition participants doubled the percentage
of counterarguments that were Counter-C in the social domain, and science
condition participants’ percentage was four times greater at the final com-
pared with initial assessment in the science domain.

In addition to changes in strategy usage, corresponding increases were
observed in the more surface indicators of both number and length of utter-
ances. The length of utterances produced at the final assessment was almost
twice the length of utterances produced at initial assessment on the inter-
vention topic for both social and science conditions. These findings on
quantitative output are consistent with previous research, both in the social
(Kuhn & Udell, 2003) and science domains (Mercer & Littleton, 2007;
Naylon et al., 2007; Zohar & Nemet, 2002).

The present findings in the social domain are consistent with findings of
previous cross-sectional (Felton & Kuhn, 2001) and experimental studies of
developing argumentation skills in the social domain, using similar methods
(Felton, 2004; Kuhn, Goh, et al., 2008; Kuhn & Udell, 2003; Udell, 2007) as
well as methods based on similar theoretical principles (Anderson et al.,
2001; Nussbaum, 2005; Nussbaum & Sinatra, 2003; Reznitskaya et al.,
2001). Specifically, improvement by participants in the experimental con-
ditions is comparable to the improvement observed by Kuhn and Udell
(2003; from 5.30% to 30.60%) and more impressive compared with Kuhn,
Goh, et al. (2008; from 4.50% to 21.37%).

A significant contribution of the present study is its documentation of the
efficiency of discourse-based methods in developing argumentation skills in
the science domain. Although the central role of argument to science and
science education has been widely endorsed by science educators (Driver,
Newton, & Osborne, 2000; Erduran, Simon, & Osborne, 2004; Kelly, Regev,
& Prothero, 2008; Lehrer, Schauble, & Petrosino, 2001), developing these
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skills in science students has proven challenging (Osborne et al., 2004) and
understanding of mechanisms of development is at best incomplete. The
present findings show that forms of engagement and practice that have been
shown to support development of argumentation skills in the social domain
can also support this development in the science domain. This result estab-
lishes that students’ limited argument skills in the science domain reported
in several studies (Driver et al.; Solomon, 1992) are not due to constraints
imposed by the nature of the science domain itself.

Control condition performance, showing no improvement in either the
social or the science domain, establishes that the limited opportunities
offered by the regular curriculum to practice argumentation or merely the
passage of time are not sufficient to advance students’ argumentation skills.
Also, it should be noted that control condition participants’ performance at
initial assessment was comparable to that of participants in the experimental
condition, and a few control condition participants even showed a slight
advantage over experimental condition participants at the outset, making
the study’s findings even stronger. However, since intact classes, rather than
individual students, were randomly assigned to control and experimental
conditions, comparisons between the two groups should be interpreted with
caution. The decline in performance of control condition participants from
initial to final assessment suggests the critical role of participants’ interest
and motivation in developing the kinds of cognitive skills examined here.
For control condition participants, final assessment was a mere repetition
of the activity they engaged in 2 months earlier, and they may have seen
little value in repeating it. Among the experimental condition participants,
in contrast, the goal-based nature of the activities proved effective in main-
taining their interest and involvement throughout the intervention.

Development of Argument Skills Across Domains

Regarding the critical question of the transfer of argumentation skills across
domains, the present study’s results show that transfer does occur across topics
in different domains. Post-intervention performance on the nonintervention
topic was superior to control-condition performance in both conditions. How
was this transfer achieved? One mechanism that may contribute to the transfer
of argument skills across domains is the development of meta-level awareness
and understanding of the objectives of argument and in particular of the
relevance of the other person’s position. It is possible that this developing
meta-level understanding supports the execution of argument skills at the pro-
cedural level across domains of application. This possibility is further supported
by the present study’s findings of development in levels of epistemological
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understanding in both domains, although here some evidence of asymmetrywas
also found across domains, parallel to that in the main findings.

Although participants in both conditions exhibited transfer, a difference
in the magnitude of transfer was observed, with those in the science
condition showing transfer to a greater extent than those in the social
condition—in fact, their counterargument skills in the nonintervention topic
reached the same level that they did in the intervention topic.

A possible explanation for the condition difference observed is that the
social topic is more facilitative of counterargument, a difference documen-
ted at the initial assessment. Participants overall exhibited greater counter-
argument usage on the social topic than they did on the science topic, a
finding consistent with previous research (Osborne et al., 2004). Further
research, using multiple topics in each domain, is required to better illumi-
nate our understanding of differences between science and social domains.
The fact that the present intervention included only a single topic in each
domain indicates that further studies are needed with a wider range of topics
in each domain before strong conclusions can be drawn regarding differ-
ences between science and social domains (Kuhn, in press; Kuhn, Iordanou,
et al., 2008). The encouraging message, however, that the present study
carries is that argumentation skills in the science domain are amenable
to development. This was true in the present study even to the extent of
overcoming and erasing initial performance difference across domains.

Implications for Science Education

Beyond their implications for understanding the nature and development of
argument skills, the present findings have implications for science education.
Argument is central to the process by which science advances (Duschl &
Osborne, 2002; Kuhn, 1993; Lehrer et al., 2001), and students need to become
both aware of its relevance and skilled in its execution. Observations of science
lessons suggest that activities that involve argumentation are scant (Driver
et al., 2000; Naylon et al., 2007; Solomon, 1992). Even in activities involving
experimentation, students are guided to ‘‘discover’’ the one right answer that
unproblematically evolves from their experimentation (Lehrer et al., 2001), rein-
forcing naı̈ve epistemological conceptions of science as accumulating fact. Stu-
dies of students’ argument skills in science contexts report these skills to beweak
at best, even at the college level (Kelly, Druker, & Chen, 1998; Kelly & Takao,
2002;Kolstø et al., 2006;Maloney, 2007;Maloney&Simon, 2006; Sadler, 2004).

In the present work, such weaknesses are addressed by exploring elemen-
tary skills of dialogic argumentation as a path toward the development of
competence in constructing and evaluating authentic scientific arguments.
The virtues of such a path are several. Discourse makes thinking visible to
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students (Duschl, 2008). Furthermore, as Graff (2003) emphasizes, by concre-
tizing an alternative position (without which argument has little point), dia-
logic argument helps students to appreciate the purpose and point of
individual, expository argument. This may be a necessary first step toward
enabling students to integrate and coordinate evidence with claims in order
to construct strong expository arguments in content-rich scientific domains.

The present findings support the view that attention to the development
of argumentation skill (and its associated epistemological understanding)
within science domains is warranted. Argument skill in the science domain
is amenable to the same development as has been shown for argument skill
in the social domain, but specific engagement and practice within the science
domain may be required for optimum development of such skill. The policy
recommendation supported by the present findings—engagement and prac-
tice in argumentation within the context of meaningful science topics—is
consistent with the educational objective of fostering students’ competence
to assume roles in meaningful scientific discourse, rather than become
merely consumers of scientific facts.
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APPENDIX A

Argument Skill Goals (From Kuhn & Udell, 2003)

GENERATING REASONS
Goals: Reasons underlie opinions.

Different reasons ->same opinion

ELABORATING REASONS
Goal: Good reasons support opinions.

SUPPORTING REASONS WITH EVIDENCE
Goal: Evidence can strengthen reasons.

EVALUATING REASONS
Goal: Some reasons are better than others.

DEVELOPING REASONS INTO AN ARGUMENT
Goal: Reasons connect to one another and are building blocks of argument.

EXAMINING AND EVALUATING OPPOSING SIDE’S REASONS
Goal: Opponents have reasons too.

GENERATING COUNTERARGUMENTS TO OTHERS’ REASONS
Goal: Counters to reasons can be rebutted.

GENERATING REBUTTALS TO OTHERS’ COUNTERARGUMENTS
Goal: Counters to reasons can be rebutted.

CONTEMPLATING MIXED EVIDENCE
Goal: Evidence can be used to support different claims.

CONDUCTING AND EVALUATING TWO-SIDED ARGUMENTS
Goal: Some arguments are stronger than others.
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APPENDIX B

‘Other Argument’ Reflection Sheet

Team members________________________________________
Date ________

Let’s think . . .Starting with the other side’s argument

One of the other side’s

MAIN ARGUMENTS was:

Our COUNTERARGUMENT

against their argument was:

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

____________________ ____________________

How can this COUNTERARGUMENT be improved?

Is there a more effective counterargument?

______________________________________________________________

______________________________________________________________
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APPENDIX C

‘Own Argument’ Reflection Sheet

Team members________________________________________
Date ________

Let’s think . . .Starting with our argument

One of our MAIN

ARGUMENTS was:

Their COUNTERARGUMENT

against our argument was: Our COMEBACK was:

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

How can this COMEBACK be improved?

Is there a more effective comeback?

______________________________________________________________

______________________________________________________________

______________________________________________________________
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APPENDIX D

Outline of the Study Design

At initial and final assessment, all participants—in all conditions—engaged
in individual and dialogic arguments on both the social science topic and the
physical science topic. In the intervention, the Social Science Condition
engaged in a series of e-chats and reflective activities on the home-school
topic. The Physical Science Condition engaged in the same activities but
on the dinosaur extinction topic. The Control Condition engaged in the
regular sixth-grade curriculum.
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APPENDIX E

Summary of Utterance Types in the Analytic Scheme for Coding
Argument Dialogue

Transactive questions

Agree-? A question that asks whether the partner will accept or
agree with the speaker’s claim

Case-? A request for the partner to take a position on a
particular case or scenario

Clarify-? A request for the partner to clarify his or her preceding
utterance

Justify-? A request for the partner to support his or her preceding
claim with evidence or further argument

Meta-? A question regarding the dialogue itself (vs. its content)
Position-? A request for the partner to state his or her position on

an issue
Question-? A simple informational question that does not refer back

to the partner’s preceding utterance
Respond-? A request for the partner to react to the speaker’s

utterance

Transactive statements

Add An extension or elaboration of the partner’s
preceding utterance

Advance An extension or elaboration that advances the
partner’s preceding argument

Agree A statement of agreement with the partner’s
preceding utterance

Aside A comment that does not extend or elaborate the
partner’s preceding utterance

Clarify A statement or clarification of speaker’s own
argument
in response to the partner’s preceding utterance

Counter-A A disagreement with the partner’s preceding
utterance, accompanied by an alternate argument

Counter-C A disagreement with the partner’s preceding
utterance, accompanied by a critique of that
argument
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Disagree A simple disagreement without further argument or
elaboration

Dismiss An assertion that the partner’s immediately preceding
utterance is irrelevant to the speaker’s position

Interpret A paraphrase of the partner’s preceding utterance
with
or without further elaboration

Null An unintelligible or off-task utterance
Refuse An explicit refusal to respond to the partner’s

preceding question
Substantiate An utterance offered in support of the partner’s

preceding utterance

Meta categories Utterances regarding the dialogue itself (vs. its
content)

Meta-Argument An utterance in reference to the content of an
argument

Meta-Argumentation An utterance in reference to the dialogic
process

Meta-Directive An utterance instructing the partner to do
something

Meta-Comprehension Utterance regarding the partners’
understanding of one another

Meta-Task Utterance in reference to execution of the
task, including clarification of scenario,
computer issues, spelling, etc.

Nontransactive statements

Continue A continuation or elaboration of the speaker’s own
last utterance that ignores the partner’s
immediately preceding utterance

Unconnected An utterance having no apparent connection to the
preceding utterances of either partner or speaker
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APPENDIX F

Example of Major Coding Categories From Participants’ Electronic
Dialogues

Example of Counter-C

Assertion
A: ‘‘I don’t think it’s possible for many volcanoes to have erupted at

the same time.’’

Counter-C
B: ‘‘But one huge volcano could have erupted.’’

Example of Counter-A

Assertion
A: ‘‘Tsunami happened in one area and it couldn’t affect mountain
areas.’’

Counter-A
B: ‘‘They might have died during the Ice Age.’’

Example of Rebuttal Chain (Length 3)

Assertion
A: ‘‘Lava spreads out everywhere.’’

Counter-C
B: ‘‘Some dinosaurs could jump in the sea that is near to the island.’’

Counter-C (Rebuttal)
A: ‘‘Yes, but they will drown.’’

Counter-C (Rebuttal)
B: ‘‘Some dinosaurs may make it to a neighboring island.’’
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