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Abstract The purpose of this mixed-methods study was to explore the effect of within-
gender and cross-gender team argumentation on seventh graders’ science knowledge and
argumentation skills in a computer-assisted learning environment in the United States. A
total of 58 students were engaged in the collaborative within-gender team argumentation
process (the treatment condition), while 46 students were engaged in the collaborative
cross-gender team argumentation process (the control condition). Verbal collaborative
argumentation was recorded and the students’ post essays were collected. There were no
statistically significant differences in science knowledge between the treatment and control
conditions either for the combined set of students, or for females and males considered
separately. For the combined set of male and female students, MANOVA indicated no
statistically significant within-gender/cross-gender team argumentation differences in
argumentation skills. Similarly, no significant within-gender/cross-gender team argumen-
tation differences were observed among females. However, this study found a marginally
significant difference in argumentation skills between male students in the within-gender
team argumentation (treatment condition) and male students in the cross-gender team
argumentation (control condition). A qualitative analysis was conducted to examine how
the computer-assisted application supported students’ development of argumentation skills
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in within-gender and cross-gender team argumentation. Female teams, regardless of
within-gender or cross-gender team argumentation, demonstrated balanced participation in
the construction of argumentation maps in the application. Male teams in within-gender
team argumentation (the treatment condition) demonstrated unbalanced participation in the
construction of argumentation maps in the application.

Keywords Collaborative argumentation - Computer-assisted application - Middle-level
students - Within-gender and cross-gender team argumentation - Graph-oriented
application

Introduction

The US has invested effort and funding during the past decade to promote improvement in
STEM education; nevertheless, too few American students are choosing Science, Tech-
nology, Engineering, and Mathematics (STEM) careers (Chen 2013). Furthermore,
numerous studies (George 2006; Quinn and Cooc 2015; Robinson et al. 2016) have sug-
gested that girls tend to start losing interest in science at the middle school level and the
difference between boys’ and girls’ interests in science appear to widen as they grow older.
As research has shown a positive relationship between interest in science and choice of
science as a career, and classroom experience is one of the factors that influence girls’
interests toward science (Hoffmann 2002; Kelly 1978; Welch et al. 2014), this study aimed
at promoting girls’ interests in science by enriching girls’ classroom experience through
involving them in collaborative science discourse.

Recently, the Next Generation Science Standards (NGSS), built on A Science Frame-
work for K-12 Science Education (National Research Council 2012), identified “engaging
in argument from evidence” (p. 12) as one of the essential eight science practices for
students. Scientific argumentation is a form of logical discourse of arriving at an agreed-
upon position among members of a group (Andriessen 2006; Driver et al. 2000) and is
practiced when scientists build on and refute one another’s theories and empirical evidence
to arrive at scientific conclusions, while engaging in a debate process where the intention is
to prevail over an opponent (Kuhn 1993; Walton 1996). While Sampson et al.’s (2012)
view of scientific argumentation is consistent with earlier views (e.g., Andriessen et al.
2003), they expanded the definition of scientific argumentation and view it as a social and
collaborative process of proposing, supporting, evaluating, and refining ideas in an effort to
make sense of a complex problem to advance knowledge. Collaborative scientific argu-
mentation in this study is a critical element to support the development of individual
argumentation skills (Andriessen 2006; Cho and Jonassen 2003; Crowell and Kuhn 2014;
Hogan et al. 1999; Jonassen and Kim 2010; Kim et al. 2007; Kuhn and Udell 2003). It also
supports students in developing knowledge and a deeper understanding of how scientific
knowledge is generated (Manz 2015).

A number of gender studies (Carlone et al. 2014; Halpern et al. 2007) have pointed out
that, at puberty, girls move from self-confidence to self-consciousness, start to censor
themselves, and become increasingly silent in class. However, these studies have also
shown that girls who work collaboratively are less likely to suffer loss of interest in
science. This present study viewed computer-supported collaborative learning environ-
ments as a potential way to engage girls in scientific argumentation and aimed at
orchestrating a computer-supported collaborative learning environment by exploring the

Q) Springer AECT



Argue like a scientist with technology: the effect... 735

use of a graph-oriented computer-assisted application and gender grouping strategies to
scaffold students’ collaborative scientific argumentation.

In the following section, we will discuss potential benefits of the use a graph-oriented
computer-assisted application to support argumentation and content knowledge. We also
will discuss the rationale of the gender grouping strategies intended to encourage the
involvement of girls in the collaborative scientific argumentation process.

Use of a graph-oriented computer-assisted application to support
argumentation and content knowledge

In light of the reform efforts, researchers have used different approaches to develop cur-
ricula to help middle-level students develop scientific argumentation skills (Evagorou and
Osborne 2013; Iordanou 2010; Kuhn et al. 2008, 2010; Kuhn 2011, 2015). For example,
Kuhn and Udell (2003) investigated whether peer dialogue was effective in developing
argumentation skills among 34 13- to 14-year-olds who were academically at-risk. The
students in the peer dialogue group showed increased frequency of use of powerful
argumentation skills and improved quality of individual arguments when compared to the
control group. Crowell and Kuhn (2014) developed a curriculum in which 56 students
(sixth, seventh, and eighth grades) in an urban middle school participated twice a week for
3 years. The Internet chatting application, Google Chat, supported the argumentation
curriculum in the experimental group, while the control group participated in a traditional
whole-class discussion. Argumentation skills of the experimental group outdistanced those
of the control group.

More recent studies (Dwyer et al. 2012a, b; Hsu et al. 2015, 2016; Scheuer et al. 2010)
have explored the potential of graph-oriented computer-assisted applications (GOCAA)
and found a positive impact on argumentation skills. Research shows that visualizing
arguments graphically through a graph-oriented computer-assisted application enables
students to see the structure of the argument, thus facilitating more rigorous construction
and communication (Kiili 2012; Scheuer et al. 2010). There are several graph-oriented
applications (e.g., Digalo, Belvedere, Araucaria), each of which typically has a distinct
way of constructing argumentation maps. However, there are many features common
across these applications. For example, contributions are displayed as boxes or nodes that
represent argument components. Texts can be inserted into the boxes or nodes to represent
argumentation. Arrows represent relationships among the argument components (e.g.,
supports or refutes). As the different components of arguments and their relationships can
be distinguished via their visual appearance, learners are able to visualize and identify the
important ideas in argumentations as concrete objects. These objects can then be pointed
to, linked to other objects, and discussed. Figure 1 shows the GOCAA used in this study.

A GOCAA is an example of a cognitive tool (Pea 1985). Such an application has
potential for assisting learners in accomplishing cognitive tasks and leads to the devel-
opment of argumentation skills. Cognitive tools can serve four purposes: (a) supporting
cognitive processes such as memory and metacognitive processes; (b) sharing cognitive
load by providing support for lower level cognitive skills so that resources are left for
higher order thinking skills; (c) supporting engagement in cognitive activities such as
global databases, that otherwise would be out of reach; and (d) generating and testing
hypotheses (Lajoie and Derry 2013). These four purposes are not mutually exclusive. In a
number of studies (Carr 2003; Dwyer et al. 2012a, b; Easterday et al. 2009), a GOCAA
served the first and second purposes to support the development of argumentation skills.
Dwyer et al. (2012a, b) conducted a study in which 74 undergraduate psychology students
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Fig. 1 Screenshot of Lucidchart

were allocated to conditions in which the infusion of a graph-oriented computer-assisted
e-learning environment was either present or absent. The students in the infused envi-
ronment showed significantly larger gains in argumentation analysis than the control
group. In their study, the students used the GOCAA over 8 weeks, both inside and outside
of the classroom, to build their own argumentation. The visual representation of a GOCAA
supported cognitive processes and allowed the students to make their thinking visible
(memory) and monitor the development of argumentation (metacognition). Additionally,
the visual representation also facilitated the sharing of cognitive load by providing support
for lower level of argumentation and provided the students with more resources for higher
level of argumentation.

With the general positive impact of a GOCAA on argumentation skills, several studies
(Carr 2003; Easterday et al. 2009) have explored the potential of a GOCAA to develop
content knowledge, with mixed findings. Easterday et al. (2009) conducted a study in
which GOCAAs were used to teach causal reasoning on public policy problems. The study
compared the effects of three conditions under which students were asked to analyze a
problem. These conditions included: (a) problem presented as text only; (b) problem
presented as text with an additional pre-made causal diagrams; (c) problem presented as
text with a GOCAA that students could use to actively construct a diagram from the text.
Scores on the transfer test were significantly better for students in the third condition. Carr
(2003), however, had contrary findings indicating that a graph-oriented computer-sup-
ported environment is not necessarily better than traditional methods for promoting
learning outcomes. In Carr’s study, second-year law students in a treatment group worked
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in small study groups of on legal problems while having access to a GOCAA, QuestMap,
while students in a control group worked without QuestMap, either alone or in small
groups. The students in the treatment group did not outperform those in the control group
on a final exam.

With mixed findings from earlier studies (Carr 2003; Dwyer et al. 2012a, b; Easterday
et al. 2009; Schwarz and Glassner 2007; Suthers and Hundhausen 2003; Suthers et al.
2008), we identified a number of key elements that require both clear descriptions and
further research, which might facilitate a better understanding of the mixed findings per-
taining to the impact of a GOCAA to support the development of content knowledge. The
first area involves the clear orchestration of the sequence of activites when using a
GOCAA to mediate the collaborative argumentation construction process. One set of
studies (e.g., Carr 2003; Weinberger et al. 2010) used a GOCAA to support synchronous
collaborative argumentation in class. In Carr’s study, for example, the second-year law
students began constructing an argument, saw another counterargument appear, and then
began discussing the counterargument with its creator outside the GOCAA, QuestMap in a
treatment group. This study did not provide a description about the sequence of activities
involved in the collaborative argumentation process, nor the amount of time allocated for
each activity. It also is unclear whether there were any prompts in the GOCAA to scaffold
the process. Without careful planning of the activities to facilitate the process, the students
might have used the tool for transcription assistance instead of collaborating with one
another through the application. Another set of studies (e.g., Strijbos 2011; Suthers et al.
2008) used a GOCAA to support solely asynchronous collaborative argumentation. In
Suthers et al.’s quasi-experimental study, for example, pairs of college- level physics
majors from various geographic locations synchronously collaborated on a science chal-
lenge problem using an online application. Although the authors provided clear description
of the sequence of the activities, the study was conducted in a controlled-experimental
setting and the time span was short (e.g., 120 min). The present study intends to address
these issues and examine how the activities could be orchestrated into daily classroom
experience, and also intends to explore the impact of the graph-oriented computer-assisted
application on students’ development of science knowledge and argumentation skills in the
middle-level science classroom.

The second issue concerns how groups are formed. Some studies (e.g., Carr 2003) have
used small groups of students for graph-oriented, computer-assisted, collaborative argu-
mentation activities. In these studies, however, information pertaining to the number of
students in each group is unclear, as information about the number of female and male
students in each group. More recent studies (e.g., Suthers et al. 2008) have addressed some
of the issues in forming groups for collaborative argumentation activities, such as gender
distribution. However, some grouping strategies are more practical for college-level stu-
dents than middle-level students. For example, Suthers et al. used pairs of college-level
students in the asynchronous collaborative argumentation process. To avoid social awk-
wardness, they assigned pairs of students based on acquaintances, regardless of gender
composition, to work on the same problems. They did not report any issues pertaining to
college-level students working in pairs. On the contrary, however, Ding et al. (2009, 2011)
showed that having young adolescents work in mixed-gender pairs can lead to unpro-
ductive communication. As such, in the present study, we surmised that forming pairs of
students might not be a feasible grouping strategy for young adolescents in a computer-
assisted collaborative learning environment. Therefore, rather than using pairs of students,
the present study employed groups of 3-4 middle-level students to engage in the
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collaborative argumentation process. The following section explicates the rationale for the
different types of gender groupings used in this study.

Impact of types of gender groupings on male and female students’ learning
in computer-assisted collaborative learning environments

In the computer-assisted collaborative learning literature (Sullivan et al. 2015; Zhan et al.
2015), gender differences in communication styles and cognitive abilities play an impor-
tant role in the influence of gender groupings on male and female students’ learning
outcomes. For example, Ding et al. (2009, 2011) studied whether gender differences were
evident in the effect of gender grouping (mixed- vs. single-gender pairings) in a computer-
assisted collaborative learning environment in a secondary school. Pairs of students par-
ticipated in a collaborative activity over a period of 2 weeks to solve physics problems. In
each pair, students use an Internet-based computer program to communicate with their
partner. The program provided a computer-assisted collaborative learning environment
through which each student could use text messages and pictorial messages in the text-
messaging box to communicate. Analysis of 96 secondary students’ interactions revealed
that a divergent pattern of knowledge elaboration led to female students’ showing higher
learning outcomes in single-gender pairs than in mixed-gender pairs. This observed effect
of single-gender pairing, however, was not evident for males. Specifically, the authors
observed that, when a female student in a pair was still stuck on the force analysis, her
male student had already started calculation. Additionally when a female complained that
her male partner moved too fast, the male partner ignored her complaints and continued
with his calculation. The female then abandoned her questioning and accepted her male
partner’s answer. Such behavior could lead to a divergent pattern of knowledge elaboration
for female students. Research on gender differences in communication styles has shown
that, while females use communication as a tool to enhance social connections and create
relationships, males communicate to exert dominance and achieve tangible outcomes
(Leaper 1991; Maltz and Borker 1982; Wood 1996). With communicate styles aiming to
achieve tangible outcomes, male students tend to lose sight of the importance of bringing
their female partner to the same tempo to overcome the lack of shared context in the
computer-supported learning environments, which might cause a divergent pattern of
knowledge elaboration for females.

Similarly, a number of studies (Brotman and Moore 2008; Prinsen et al. 2007; Zhan
et al. 2015) showed females in single-gender groups tend to perform better than those in
mixed-gender groups in a computer-supported collaborative learning environment. In Zhan
et al.’s (2015) study, a sample of 588 undergraduate students enrolled in a digital design
course were randomly assigned to 147 four-student groups that fell into five categories
according to the composition of group members’ gender. The five categories were des-
ignated as 4 M (four males), 3M1F (three males and one female), 2M2F (two males and
two females), 1M3F (one male and three females), and 4F (four females). Results indicated
that the 2M2F and 4F groups significantly outperformed the other groups. This may have
been due to the fact that female students show better planning and communication skills
than males (Korobov 2013; Stokoe 2004; Tarim and Kyratzis 2012). Additionally, female
students may engage in more discussion in computer-supported collaborative learning than
males, ultimately leading to a better outcome. Several studies (Asterhan et al. 2012; Caspi
et al. 2008; Ma and Yuen 2011) have reported that female students demonstrate higher
participation than males in computer-assisted collaborative activities. One of these studies
(Asterhan et al. 2012) examined single-gender groups. In this study, 82 ninth graders
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discussed social issues in a graph-oriented computer-assisted program. Compared to
homogeneous all-boy groups, homogeneous all-girl groups had higher degree of partici-
pation (textual contribution) and scored higher on aspects of collaborative argumentative
quality. To conclude, more interaction appears to occur in female-only groups than in
male-only groups.

Although these studies found that homogeneous female-only groups primarily benefit
females, these studies pointed out that males in mixed-gender and gender-balanced groups
tend to perform better than males in homogeneous single-gender groups. Male students
may benefit more than females from the dynamic atmosphere created by mixed-gender
communication, leading to better cooperation and enabling them to achieve better learning
outcomes than male students in single-gender groups. Additionally, male students may
perform better than females in a gender-balanced environment due to a lower level of
power issues, where no individual student feels he is in a minority. This also reduces the
likelihood of freeloading.

In addition to different communication styles, a number of studies (Baram-Tsabari and
Yarden 2011; Ding et al. 2009, 2011) have shown that female and male students have
differences in cognitive abilities that may impact how they elaborate knowledge in a
computer-assisted collaborative learning environment. For example, in Ding et al. (2011),
males in mixed-gender pairs tended to use visual representation to answer their female
partners’ questions. By contrast, female students tended to use text-based messages and
verbal explanations. Buck et al. (2012) also found that female students are more willing to
express their ideas while males tend to ask for information. Female students are more
verbal than males and tend to share whatever they think might be relevant with their group
members, while males tend to share only task-related information. Gender differences in
cognitive abilities have been widely analyzed in the psychological and neuropsychological
literature (e.g., Hyde and Linn 1988; Buffery and Gray 1972; Caplan et al. 1997; Halpern
1992; Fairweather 1976) and major differences in cognitive abilities between males and
females typically have been reported in: (1) verbal abilities, favoring females and (2)
spatial (visual) abilities, favoring males.

In light of gender differences in communication styles and cognitive abilities described
above, this study surmised that when coupling verbal argumentation with female team
members and engaging in graph-oriented computer-assisted application that allowed
female students to use their textual (verbal) communication with another female team,
female students would benefit most from within-gender team argumentation in the col-
laborative argumentation process. However, with the advance of technology, both female
and male students have more opportunities to engage in collaborative learning activities
(Abnett et al. 2001; Chung et al. 2013). It is reasonable to expect that female and male
students need to engage in some form of science talk in the classroom. Thus, we also were
interested in exploring whether female students would perform worse when engaging in
graph-oriented computer-assisted application with the male team (cross-gender team
argumentation) than those in the within-gender team argumentation. Additionally, research
has explored female and male students’ learning and interests in science and has attempted
to make curriculum and pedagogy more inclusive for both genders (Velayutham et al.
2012). We also explored how male students performed in both conditions. In previous
gender grouping studies, when research refers to mixed-gender groupings, it typically
suggests that female and male students are mixed to form a team. In this study, because all
teams were formed with students of the same gender, we use the term, “cross-gender team
argumentation,” to refer to a homogeneous-gender team arguing with another homoge-
neous-gender team of the opposite gender (e.g., female team vs. male team).
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The purpose of this mixed-methods study was to explore the effect of within-gender and
cross-gender team argumentation on seventh graders’ science knowledge and argumen-
tation skills in a computer-assisted learning environment in the United States. This project
addressed critical STEM educational needs by studying the essential practice of scientific
argumentation, and contributed to the literature in the computer-supported collaborative
learning environment.

Research questions

The following research questions were addressed:

1. What are the differences in science knowledge (as measured by scientific facts,
scientific explanations, and valid scientific facts/explanations) between students in
within-gender team argumentation (treatment condition) and students in cross-gender
team argumentation (control condition) in a GOCAA learning environment?

la. What are the differences in science knowledge between female (or male)
students in within-gender team argumentation and female (or male) students in
cross-gender team argumentation in a GOCAA learning environment?

2. What are the differences in argumentation skills between students in within-gender
team argumentation and students in cross-gender team argumentation in a GOCAA
learning environment?

2a. What are the differences in argumentation skills between female (or male)
students in within-gender team argumentation and female (or male) students in
cross-gender team argumentation in a GOCAA learning environment?

3.  What are the differences in argumentation maps in Lucidchart between female teams
(or male teams) in within-gender team argumentation and female teams (or male
teams) in cross-gender team argumentation?

4. If there was a difference in argumentation skills, in what ways would the graph-
oriented computer-assisted application support female and male teams’ development
of argumentation skills in different types of gender groupings?

In research questions 1 and 2, we were interested in exploring the effect of gender
groupings on all students between two conditions. In research question la and 2a, we were
particularly interested in exploring the effect of gender groupings on female and male
students between two conditions.

Methods
Research design and participants

This mixed-methods study (Creswell 2013) was conducted in a seventh grade middle
school science classroom in suburban Chicago, U.S. Mixed-methods research design
involves the process of collecting, analyzing, and mixing both quantitative and qualitative
data in a single study for a better understanding of a research problem. In this study, the
quantitative aspect consisted of analysis of scores pertaining to science knowledge and
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argumentation skills obtained from post essays, and analysis of the frequency of each
argumentation skill on argumentation maps in a GOCAA (Lucidchart), whereas the
qualitative aspect involved exploring the role of the GOCAA in the collaborative argu-
mentation process. Therefore, by using a mixed-methods approach, this study allowed for
increased depth of explanation when answering the research questions. There were six
classes participating in the study. A total of 58 students (29 females and 29 males, 3
classes) comprised the treatment (within-gender team argumentation) condition while a
total of 46 students (24 females and 22 males, 3 classes) were in the control (cross-gender
team argumentation) condition. The composition of the students’ ethnic background was
diverse. Half (50%) came from middle-class Caucasian families, 25% were from middle-
class Asian American families and the remaining 25% were from middle-class African-
American or Hispanic-American families. The diversity of ethnic background was
approximately uniformly distributed across classes. The students’ science performances
ranged from low to high. The same science teacher taught all students. The teacher had
taught science for more than 10 years in the middle school, and was instrumental in
integrating technology into instruction. Thus, the students had already learned about dif-
ferent types of technology and had participated in various technology-supported or com-
puter-supported activities.

Each of the six classes was randomly assigned to either the treatment (within-gender
team argumentation) or control condition (cross-gender team argumentation). In both
conditions, the students worked in teams of three to four. In within-gender team argu-
mentation (treatment condition), each team was engaged in verbal collaborative argu-
mentation with the members of their homogeneous-gender (e.g., all-female) team and then
argued with another other team whose gender composition was the same as theirs (e.g., all
female students) using the graph-oriented computer-assisted application (described in the
next section). There were 11 female teams. Typically, one female team was assigned to
argue with the other female team. However, there was an odd number (11) of teams.
Among 11 female teams, three female teams were assigned to argue with each other.
Likewise, one male team was assigned to argue with the other male team. There was an
odd number (9) of male teams. Among 9 male teams, three male teams were assigned to
argue with each other. There were 67 teams per class in the treatment condition.

In cross-gender team argumentation (control condition), the teams also engaged in
verbal collaborative argumentation with members of their homogeneous-gender (e.g., all-
female) team, and then argued with a different-homogeneous-gender team (e.g., all-male
team) using the graph-oriented computer-assisted application. In the control condition,
there were 8 female teams and 8 male teams. There were 4—6 teams per class.

Graph-oriented computer-assisted application

In both treatment and control conditions, each team used the graph-oriented computer-
assisted application, Lucidchart, to present their arguments and argue against a team
(Table 1). We reviewed the literature (Scheuer et al. 2008, 2010) and investigated an
appropriate GOCAA for this study. We used a number of criteria to select a potential
application, such as capacity to support argumentation and expressiveness, allowance for
online synchronous/asynchronous collaboration, and compatibility with PC and Mac
platforms. Most applications were outdated (e.g., CoFFEE) or were designed for college
students (e.g., Belvedere). We selected and tailored Lucidchart to meet the needs of this
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study. Lucidchart is a propriety tool and is developed for various learning purposes. A
handout that indicates argumentation elements by corresponding shapes and arrows and
definition (Kuhn 1993) was provided for each student in this study.

Table 1 Argument elements by corresponding shapes and arrows in Lucidchart and definitions

Shapes and arrows

Argumentation Definition

skill

Biomass (1)

Provide your
reason here. One
reason per
rectangle box.

Describe the
evidence.

Provide the
reason you
disagree.

e o
xx Justify your
reason or
position
o

Position (light An opinion or conclusion on the main
bulb) question

Reason (rectangle A claim that supports the position
and arrow)

Evidence (cloud A separate idea or example that supports
and arrow) a reason (or counterclaim or rebuttal)

Counterargument A claim that refutes another position or
(signified by gives an opposing reason
star and “x”)

Rebuttal A claim that refutes a counterargument
(signified by by demonstrating that it is invalid,
oval and “xx” lacks as much force or correctness as

the original argument or rests on a
false assumption
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Instruments

We developed a rubric to assess science knowledge and a scoring method to assess stu-
dents’ scientific argumentation skills on their individual essays. A sample student post
essay is presented in Appendix 1.

Science knowledge rubric

To score students’ science knowledge post essays on alternative energy, a rubric based on
the NGSS (National Research Council 2012) was developed (Appendix 2). Specifically,
the rubric focuses on one of the Earth and Spaces sciences standards (Earth and Human
Activity: MS-ESS 3.3) at the middle school level, examining how students assess the kinds
of solutions that are feasible and can reduce human impact on the environment. The rubric
was validated by two middle school science teachers and two college level science edu-
cators. The three measures of science knowledge were based on (a) the number of scientific
facts presented, (b) the number of scientific explanations provided, and (c) the scientific
validity of the facts and explanation.

Based on the post essays, each student received a score on each measure that could
range from O to 3. The scores of three measures were then totaled and recorded. As one
example of how a student essay was scored, a student pointed out the fact that “Wind
energy is a clean renewable resource” and used the explanation “Wind turbines don’t have
to burn anything to generate electricity” to support this fact. In this case, this student
earned 1 point for presenting a scientific fact and 1 point for providing a statement of
scientific explanation to support it. Scientific validity was deemed present when the facts
presented in the essays were, in fact, correct. When all the facts were correct, 3 points were
earned. If there was one false fact, 2 points were earned. Student examples of false
facts/explanation included “Biomass mostly comes from trees and that’s something the
U.S. won’t run out of, for sure,” and “Only a couple of birds die every year from wind
turbines.”

Argumentation skill scoring method

Based on Kuhn’s (1993) definition of individual argumentation skills, the students’ essays
were scored for argumentation skills (reason, evidence, counterargument and rebuttal
skills). A position refers to an opinion or conclusion on the main question that is supported
by reason. Evidence is a separate idea or example that supports reason or counterargument/
rebuttal. Counterargument refers to an assertion that counters another position or gives an
opposing reason. A rebuttal is an assertion that refutes the counterargument by demon-
strating that the counterargument is not valid, lacks as much force or correctness of the
original argument, or is based on a false assumption. The students were required to follow
correct logic to receive scores for each argumentation skill (Appendix 3). For example, a
reason must follow a position. An evidence must follow a reason. A counterargument must
follow a reason and evidence. A rebuttal must follow a counterargument. When the stu-
dents presented one reason (e.g., “solar energy can be used anyplace.”) on their essay, they
received 1 point. The same scoring procedure applied to evidence (e.g., “solar panels can
be installed everywhere”), counterargument (e.g., “If it is cloudy, it probably won’t
work”), and rebuttal skill (e.g., “My mom told me one time when I was swimming that it is
easier to get burned when it is cloudy because the sun rays peek through the clouds when
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you don’t even know it”). Each student’s essay was scored individually. Each student
received four argumentation scores and the total score for each argumentation skill was
recorded in SPSS. The minimum score for each argumentation skill was 0. The researchers
did not limit the maximum score for each argumentation skill.

Procedure/data collection
Beginning of the semester

The science teacher surveyed all students about their prior knowledge about alternative
energy and prior argumentation experience. A few students knew the term “alternative
energy,” but all students had no prior topic knowledge about alternative energy. Similarly,
all students had no prior argumentation experience. The science teacher surveyed all
students about their prior knowledge in the use of the GOCAA or similar tools. A few
students knew the term “concept-mapping tool,” but they had never used the GOCAA or
any similar tool. The topic was new to the seventh graders and was part of the middle
school curriculum. Therefore, at the beginning of the school year, the students in both
conditions learned both collaborative argumentation skills and the use of the GOCAA,
Lucidchart. In the middle of the fall semester, all students in both conditions researched the
assigned topic of alternative energy for 2 weeks and developed an iMovie video clip to
present their findings in a team of three to four persons. The potential sources of energy
included solar, biomass, geothermal, hydrogen, hydropower, wind, and nuclear. The pro-
ject was developed based on the U.S. NEED (National Energy Education Development)
initiative Each team researched one form of alternative energy. They were able to learn
about other forms of alternative energy from other teams’ presentations. All students were
aware that they needed this knowledge to participate in the collaborative argumentation
activity. They took notes while listening to other teams’ presentations. The science teacher
provided detailed instructions regarding what content they needed to include in the pre-
sentations. The science teacher verified the correctness of the students’ content before they
made the presentations. Students did not necessarily work in the same teams that would
later develop collaborative argumentation.

The collaborative argumentation activity lasted for 1 week. On each day, the first two
researchers provided brief instructions for the activity in both conditions and addressed
students’ questions. The researchers designated a leader in each team and the leader was
responsible for facilitating the logistics in the process, such as picking up and returning the
computer. The researchers explained the difference between dominating and facilitating
and ensured that every student could contribute. In both conditions, the first two
researchers constantly rotated among the teams and monitored their progress. Table 2
outlines the daily argumentation activities in both conditions and the following paragraphs
explain the activities in more detail.

Collaborative argumentation activity day 1 and 2

During the first 2 days, the first two researchers instructed students to argue their position,
reason, and evidence with their team members. All students participated in the collabo-
rative argumentation activity. Students in both conditions were given 40 min each day in
class to engage in intra-team verbal collaborative argumentation with the members of their
homogeneous-gender team (e.g., all female students or all male students) and argued “If
the US could fund only one form of alternative energy, which one should you select?”
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Table 2 Daily argumentation activities in the treatment and control conditions

Treatment condition (within-gender team Control condition (cross-gender team
argumentation) argumentation)
Day 1 Each team member started engaging in verbal argumentation with their team members

and 2 Each team used the GOCAA (Lucidchart) to post position, reasons, and evidence

Day 3,4, Each female team argued with the other female Each female team argued with the other male
and 5 team in the GOCAA (Lucidchart) team in the GOCAA (Lucidchart)
Each male team argued with the other male
team in the GOCAA (Lucidchart).

Day 6 Each student completed a post-essay

After each team came to a consensus about which form of alternative energy should be
funded by the U.S. (position), each team used the graph-oriented computer-assisted
application, Lucidchart, to post their position, reasons and evidence (Fig. 2).

Collaborative argumentation activity day 3, 4 and 5

Starting on the third day, inter-team argumentation was initiated in Lucidchart. The inter-
team argumentation took place for a 40-min period for 3 days. Each team was paired with
a corresponding team in the same class. Each team was aware of the corresponding team’s
members and their gender because the science teacher shared the team assignment with the
class before the argumentation activities started. The first two researchers instructed stu-
dents to provide counterarguments toward the other team and provide rebuttals to defend
their position. In the treatment condition (within-gender argumentation), each team read
the reasons and evidence of a team whose gender composition was identical to its own
(e.g., a male team read reasons and evidence of another male team), and provided coun-
terarguments in Lucidchart. Then each team read the counterarguments, continued to argue
how to rebut the counterarguments, and posted their rebuttals in Lucidchart. Figure 2
indicates a sample argumentation map constructed by two male teams in the treatment
condition. Each team indicated its position by inserting its position below a light bulb.
During class time each team used the shapes and arrows on Table 1 to represent its
argumentation and argue with other team through Lucidchart. Team four selected nuclear
(orange) and team five selected hydropower (blue). As indicated in Fig. 2, for journal
printing purposes, we converted the shapes in orange to plain textboxes with a thicker
border, and the shapes in blue to plain textboxes with less thick border. Each team used the
shapes and arrows (shown on Table 1) to represent its argumentation and argued with the
opposing team in Lucidchart. In the control condition, each team argued with the other
team whose gender composition differed from its own (e.g., an all-female team arguing
with an all-male team) in Lucidchart, using counterargument and rebuttal. In both con-
ditions, each team was designated a quiet corner in the spacious library or in the
classrooms.

This study attempted to have minimal researcher intervention. Thus, the first two
researchers only intervened when students were off-task or off-topic in both conditions.
Although the researchers provided brief instructions at the beginning of each class, it was
not necessary for the students to have followed these instructions. The purpose of this study
was to understand the dynamics of collaborative argumentation process with the support of
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If the United States could only
fund one type of alternative
energy, what should it be?

Fig. 2 Sample argumentation map in Lucidchart constructed by two male teams in the treatment condition

the graph-oriented computer-assisted application. As long as they stayed on track, we did
not force students to follow the instructions. For example, some teams started to argue
about counterarguments during the first 2 days and the researchers did not force them to
focus only on the position, reason, and evidence.

Collaborative argumentation activity day 6

After a week (5 school days), the students in both conditions were asked to write post
essays. The topic was, “Which form of alternative energy is the best?” The students did
not presume that “the best” meant the same as “Which form of alternative energy would
you fund if you could only fund one?” They were give 40 min to write their individual
essay. There were no page limitations for their essay. They could refer to the argumen-
tation maps in Lucidchart and any materials including their own notes. The science teacher
collected their essays and did not provide any opportunity for them to revise.

Q) Springer AECT



Argue like a scientist with technology: the effect... 747

Quantitative analysis of essays for science knowledge and argumentation
skills

There were a total of 104 student post essays. The students’ scores for individual essays were not
counted into the class grades. There were two raters for science knowledge, the first and second
researcher. Both raters had expertise in the NGSS and in alternative energy. Before both raters
began to score all essays, they randomly selected five essays and scored each essay indepen-
dently. The interrater reliability (percentage agreement) for these five essays was 80%. The
raters shared their ratings and discussed discrepancies. They then continued to score the essays.
The interrater reliability (percentage agreement) for the full set of essays was 88%.

As with the ratings of scientific fact, explanation, and validity, there were two raters of
argumentation skill, the first researcher and a doctoral student. Both raters had expertise in
argumentation skills. Before the raters began to score the complete set of essays, they
randomly selected five essays and scored each independently. The interrater reliability
(percentage agreement) was 85%. The raters then shared their ratings and discussed dis-
crepancies. After resolving the discrepancies, the raters continued to score all essays. The
interrater reliability (percentage agreement) for the complete set of essays was 90%.

Quantitative analysis of collaborative argumentation maps in GOCAA
for argumentation skills

The researchers conducted analysis of each team’s collaborative argumentation map in
Lucidchart for argumentation skills. There were 9 argumentation maps in Lucidchart in the
treatment condition. There were eight argumentation maps in the control condition.

The researchers analyzed each argumentation map in Lucidchart and identified whether
each team used the correct shape and arrow to represent each argumentation skill. The
researchers assigned the teams that made only one (e.g., incorrect color, incorrect shape) or
none errors as good alignment between argumentation skills and corresponding shapes/
arrows. The researchers also tallied the number of shapes that represent each argumen-
tation skill and, for each of the argumentation skills, compared this number for female and
male teams between the treatment and control conditions. The interrater reliability (per-
centage agreement) was 95%.

Qualitative analysis of verbal collaborative argumentation process for the role
of the graph-oriented computer-assisted application

Kelly and Crawford (1996) developed the framework to analyze how the computer-assisted
application supports the interaction among learners. In this study, we modified it to analyze
how the GOCAA supports the collaborative argumentation process. See Table 3 for the
coding scheme.

To help explain our coding process, the researchers selected an excerpt that involved
students’ use of Lucidchart to support their verbal collaborative argumentation in a
treatment team. Table 4 shows examples from three speakers (Alan, Ben, and Celine)
arguing using Lucidchart (see Fig. 2), along with the GOCAA’s action, the nonverbal
actions of three speakers, and the initial, researcher-assigned codes for the development of
argumentation. The unit of analysis was idea units. Bransford and Johnson (1973) have
defined an idea unit as “corresponding either to individual sentences, basic semantic
propositions, or phrases” (p. 393). The researchers began looking for idea units by
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Table 3 Coding schemes

Categories Code Definition

Examples

Functions of computer application

Constructing Cons Coding as a graph-oriented
computer-assisted application is
used to show learners’ position,

reasons or evidence

Exhibiting Exh Coding as a graph-oriented
computer-assisted application is

used as external representation

Eliciting Eli Coding as a graph-oriented
computer-assisted application
serves as external representation to
stimulate more responses from

learners

Acting as ally Act Coding as a graph-oriented
computer-assisted application is
used by learners to support their

efforts to make a case
Types of affordance in the argumentation process

Demonstrating Dem Coding as learners use different
shapes to represent different
argumentation skills

Reading Rea Coding as learners use the external
representation of a graph-oriented
computer-assisted application to

make sense of the process

Responding Res Coding as learners provide more
reasons and evidence to support
their position

Claiming Cla Coding as learners provide
counterarguments or rebuttal to

make their case

Regulating
metacognition

Regume Coding as learners consistently
monitor and regulate the learning
process by looking at the external

representation

A graph-oriented computer-assisted
application is used to represent a
position, reasons or evidence by
inserting different shapes

A graph-oriented computer-assisted
application shows different shapes
to represent different
argumentation skills

A graph-oriented computer-assisted
application shows position to
learners and learners respond by
providing more reasons and
evidence

A graph-oriented computer-assisted
application is used as learners’ ally
to provide counterarguments or
rebuttals

Learners post position, reasons, and
evidence on a graph-oriented
computer-assisted application

Learners read reasons and evidence
provided by their corresponding
team

Learners post more reasons and
evidence to support their position
on a graph-oriented computer-
assisted application

Learners post counterarguments or
rebuttals on a graph-oriented
computer-assisted application

Learners reflect on the
argumentation process by looking
at the argumentations on a graph-
oriented computer-assisted
application

examining sentences in the transcriptions. Please refer to the first column in Table 4 for the
sentences that we analyzed. When we assigned the initial codes, we focused on how
argumentation skills were developed. This study examined the team members’ interaction
in the collaborative argumentation process. The researchers transcribed a total of 36 teams’
video clips of verbal argumentation process supported by Lucidchart and coded them.
Kuhn (2015) addressed the lack of the in-depth analysis of the group interaction as a
common issue in the collaboration studies. The method used in this study was to address
this issue. The interrater reliability (percentage agreement) for the first five videos was
80%. The raters then shared their ratings and discussed discrepancies. After resolving the
discrepancies, the raters continued to analyze all video clips. The interrater reliability
(percentage agreement) for the complete set of videos was 90%.
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After assigning the initial codes, the researchers continued to examine if the graph-
oriented computer-assisted application’s action and code for argumentation skills were
associated. The researchers identified patterns that a number of functions of the graph-
oriented computer application were associated with types of affordance in the argumen-
tation process as indicated in Table 5. The researchers identified four functions of the
computer-assisted application: (a) exhibiting, (b) helping to construct argumentation,
(c) eliciting, and (d) acting as an ally. Table 6 indicates how each function relates to type
of affordance in the argumentation process.

Additionally, when the researchers coded the data, the researchers identified the distinc-
tion between the use of metacognition regulation in the collaborative argumentation process
by the female teams and the male teams in both conditions. The researchers assigned the code
META to code transcripts of verbal argumentation process. The researchers examined
whether there was a similar pattern between female teams’ argumentation and male teams’
argumentation during the construction of argumentation maps in Lucidchart in the treatment
condition. Then, the researchers compared across all teams in both conditions. The
metacognition regulation skills included referring to notes and resources (e.g., the science
teacher’s web site on alternative energy) when planning to argue, articulating each argu-
mentation skills before constructing the map, comparing scientific facts and opinions when
constructing the map and wrapping-up, checking grammatical errors for correct text, sum-
marizing at the end of argumentation, and delegating tasks to team members.

Results

Table 7 summarizes the quantitative and qualitative findings.

Research question one

Research question one asked whether students who engaged in collaborative within-gender
team argumentation differed in science knowledge from students who engaged in col-
laborative cross-gender team argumentation. Multivariate analysis of variance (MAN-
OVA) showed no statistically significant effect between the students engaging in within-
gender team argumentation (M = 5.71, SD = 1.03) and students engaging in cross-gender
team argumentation (M = 5.83, SD = .61) on the combined set of science knowledge
outcomes (scientific facts, scientific explanations, and valid scientific facts/explanations),
F(3,100) = 1.48, p = .22.

When each gender was considered separately, MANOVA indicated no statistically
significant difference in science knowledge between male students engaging in within-
gender team argumentation (M = 5.72, SD = 1.16) and male students engaging in cross-
gender argumentation [M = 5.82, SD = .50; F(3,47) = 1.93, p = .14]. Similarly, MANOVA
indicated no statistically significant difference between female students engaging in
within-gender team argumentation (M = 5.09, SD = .89) and female students engaging in
cross-gender team argumentation [M = 5.82, SD = .50; F(3,49) = 0.19, p = .90].

MANOVA was chosen because we were interested in the collective set of dependent
variables (e.g., scientific facts, scientific explanations, and valid scientific facts/explanations)
that conceptually “hang together” and thus are appropriate for MANOVA (Huberty and
Olejnik 2006). MANOVA appropriately accounts for covariation among the dependent
variables in these situations. The current study and research questions did not involve any
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Table 5 Computer application’s function and corresponding type of affordance in the argumentation

process

Students’ argumentation

Function of
computer application

Types of affordance in the
argumentation process

Alan (M): Nuclear is cool. Our
position is nuclear. I need a reason

Alan (M): It can be built anywhere

Ben (M): Yes

Celine (M): Let’s look for the stuff
there (Lucidchart)

Alan (M): Let’s see what they
(hydropower team) are putting

Alan (M): Do you guys have
anything (reason) else?

Ben (M): They are other reasons

Alan (M): There are several (nuclear
power plants) in Illinois

Celine (M): 6?

Alan (M): Let’s get information from
iPad

Alan (M): Unlimited. It creates jobs

Ben and Celine: Yes

Alan (M): Low emission

Ben (M): Maybe require less raw
materials

Celine (M): It gets easy
transportation

Alan and Ben (M): What do you
mean?

Alan (M): It’s weather reliant

Alan (M): We need evidence to
support this (Pointing to a reason in
Lucidchart)

Alan, Ben and Celine review four
reasons in Lucidchart and
brainstorming

Alan (M) looking for the cloud
bubble. What is the ratio?

Ben (M): 28 grams of uranium
releases as much as energy as 100
tons of coal

Alan (M): So that supports “Requires
little raw material”

Ben (M): We need to provide more
evidence and provide
counterargument to them
(hydropower)

Alan (M): Guys, seriously, think! We
need more evidence

Quiet for a few minutes.........

Helping to construct argumentation

Helping to construct argumentation
Helping to construct argumentation

Helping to construct argumentation
Exhibiting
Eliciting

Eliciting
Helping to construct argumentation

Helping to construct argumentation
Eliciting

Helping to construct argumentation
Helping to construct argumentation
Helping to construct argumentation
Helping to construct argumentation

Eliciting
Eliciting
Helping to construct argumentation
Eliciting

Exhibiting

Helping to construct argumentation

Helping to construct argumentation

Helping to construct argumentation

Acting as ally

Eliciting

Demonstrating

Demonstrating
Demonstrating

Demonstrating
Reading
Responding

Responding
Demonstrating

Demonstrating
Responding

Demonstrating
Demonstrating
Demonstrating
Demonstrating

Responding
Responding
Demonstrating
Responding

Metacognition

Demonstrating an evidence

Demonstrating an evidence

Demonstrating a reason

Claiming

Responding
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Table 5 continued

Students’ argumentation Function of Types of affordance in the
computer application argumentation process
Alan (M): Let’s look for nuclear Eliciting Responding
plants in Illinois. Let’s stay focused
Ben & Celine (M): Wow, they are Exhibiting Reading

counterarguing us

Alan (M): Hydropower plants can Acting as ally Claiming
convert up to 90% of the energy to
usable electricity, making it very
efficient. We should rebut. No,
counterargue

Alan (M): I don’t know if you guys  Acting as ally Claiming
noticed. I put a counterargument.

Hydropower plants can harm
marine life

Table 6 Association between the functions of computer application and types of affordance in the argu-
mentation process

Function Type of affordance

Construct Demonstrating

Exhibit Read, metacognition

Elicit Respond

Ally Claim (counterargument, rebuttal)

interaction effects. We studied the main effect of grouping type. Regarding assumptions, the
group sample sizes were sufficiently large (i.e., greater than 40 per group) and thus the Central
Limit Theorem ensures normality of mean values. Similarly, the relative equality of group
samples sizes mitigated any potential bias that could be introduced by inequality of vari-
ances/covariances (Tabachnick and Fidell 2013). Follow-up tests were not conducted when
no main effects were observed, because this would be in no instance an appropriate procedure.
Follow-up tests are conducted in MANOVA only when the omnibus test is statistically
significant (see Huberty and Olejnik 2006; Tabachnick and Fidell 2013).

Research question two

Research question two asked whether there was a gender-grouping effect on argumentation
skill among students who engaged in collaborative argumentation. Multivariate analysis of
variance (MANOVA) showed no statistically significant difference between the students
engaging in within-gender team argumentation (M = 7.97, SD = 2.64) and students
engaging in cross-gender team argumentation (M = 7.65, SD = 2.91) on the combined set
of argumentation skill outcomes (reason, evidence, counterargument, and rebuttal), F(4,99)
=0.62, p = .65.

When each gender was considered separately, MANOVA indicated no statistically
significant gender-grouping effect on argumentation skills for females [F(4,48) = 1.25, p =
.30]. However, a marginally significant effect for gender grouping on the combined set of
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Table 7 Summary of the findings

Type of data Research Finding
question
Quantitative 1 No significant difference
data la No significant difference
2 No significant difference
2a Among males, the gender-grouping effect was strongest on rebuttal [F(1,
49) =17.34, p < .01]
3 Among male teams, the gender-grouping effect was strongest on reason
[F(1, 15) = 5.43, p < .03] and rebuttal [F(1, 15) = 11.38, p < .01]
Qualitative 4 Summarized in Table 8
data

Table 8 Comparison among all female and male teams in the within-gender team argumentation and cross-
gender team argumentation conditions in the use of argumentation components in argumentation maps in
Lucidchart

Condition Reason Evidence Counterargument Rebuttal
Treatment (within-gender argumentation) M M M M
11 Female Teams 1.55 1.64 2.67 2.00
9 Male Teams 2.67* 1.67 1.78 0.44*
Control (cross-gender argumentation)

8 female teams 1.25 1.38 1.25 1.25

8 male teams 1.25% 1.25 1.75 1.50%*
*p <.05

outcomes was apparent for males [F(4,46) = 2.54, p = .05]. Examination of the canonical
loadings (i.e., structure coefficients; -0.43, 0.11, 0.15, 0.82, for reason, evidence, coun-
terargument, and rebuttal, respectively) indicated that the gender-grouping effect was
strongest for rebuttal. Univariate ANOVA analyses also affirmed a statistically significant
gender-grouping effect on rebuttal [F(1,49) = 7.34, p < .01], with a moderate-to-large
effect size (;72 = .13). Here, the mean rebuttal score among male students engaging in
cross-gender team argumentation (M = 1.68, SD = 1.25) was higher than the mean score for
students engaging in within-gender team argumentation (M = 0.83, SD = 1.00).

Research question three

Research question three asked whether there are differences in argumentation maps in
Lucidchart (as measured by reason, evidence, counterargument, and rebuttal) between
female teams (or male teams) engaging in within-gender team argumentation (treatment
condition) and female teams (or male teams) engaging in cross-gender team argumenta-
tion. As indicated in Table 8, when the set of four argumentation maps subscale scores
(reason, evidence, counterargument, and rebuttal) were considered as outcome variables,
MANOVA showed a statistically significant effect for gender grouping among male teams
[F(4, 12) = 3.74, p = .03]. No statistically significant effect was observed for female teams
[F(4, 14) = 1.23, p = .34]. Examination of the canonical loadings (-0.54, -0.28, -0.01, and
0.78 for reason, evidence, counterargument, and rebuttal, respectively) indicated that,
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among male teams, the gender-grouping effect was strongest for reason and rebuttal.
Follow-up univariate ANOVAs on the four subscale scores showed a statistically signifi-
cant gender-grouping effect on both of these outcomes [F(1, 15) = 5.43, p = .03 for reason;
and F(1, 15) = 11.38, p < .01 for rebuttal], while the gender effect for the other univariate
outcomes was not statistically significant. Effect sizes for the effect of gender on reason
and rebuttal were large (112 = .27 for reason and 712 = .15 for rebuttal). Here, the mean
reason score among male teams for the cross-gender team argumentation condition (M =
1.25) was lower than the mean score for the within-gender team argumentation condition
(M =2.67). However, the mean rebuttal score among male teams for the cross-gender team
argumentation condition (M = 1.5) was higher than the mean score for male teams in the
within-gender team argumentation condition (M = 0.44).

Research question four

Question four asked how the GOCAA supported female and male teams’ development of
argumentation skills in different types of gender groupings. As indicated in Table 9, a
number of patterns were identified. First, the application helped all teams in both condi-
tions to construct their argumentation by demonstrating their position, reasons, evidence,
counterargument or rebuttals on Lucidchart.

Second, the application is an external representation that exhibits argumentation process.
All teams in both conditions made sense of the process by reading the external representation.
They could read position, reasons, and evidence provided either by their team or the other
team. Moreover, all female teams in both conditions looked at the application and showed a
number of metacognition regulation behaviors. For example, the female students tended to
look at Lucidchart and make statement such as, “Let’s take a look at notes and find disad-
vantages and advantages of (type of energy)” and “Let’s check out Dr. V’s (science teacher)
website for more information.” The female students tended to verbally explain what five
argumentation skills are with their team members and ensured everyone had the same
understanding when they inserted different shapes into the work area in Lucidchart. For
example, they would say, “Rebuttal is to rebut whatever they said about us.” or “Let’s stick to
facts not opinion.” They tended to share the workload during the collaborative argumentation
process. They would say, “We can take turn typing.” Or team members provided ideas to the

Table 9 The number of female and male teams demonstrating application functions and types of affor-
dances in the within-gender team argumentation and cross-gender team argumentation conditions

Functions/type affordance Treatment condition Control condition
(within-gender (cross-gender
argumentation) argumentation)

11 female 9 male 8 female 8 male
teams teams teams teams

Constructing argumentation/demonstrating 11 9 8 8

Exhibiting/reading 11 9 8 8

Exhibiting/regulating metacognition 11 1 8 1

Eliciting/responding (reason, evidence, rebuttal) 11 9 8 8

Acting as ally/claiming (counterargument against the 11 9 8 8

Tawfik other team)
Acting as ally/claiming (rebuttal) 11 2 8 8

Q) Springer AECT



Argue like a scientist with technology: the effect... 757

team member who typed. When they wrapped up the activity, the female students tended to
summarize their argumentation process and looked for grammatical errors on the argu-
mentation map in Lucidchart. However, metacognition regulation is only evident in one out
of nine male teams in the treatment condition and one out of eight male teams in the control
condition. The male students tended to leave their notes behind. When the teacher inquired
where their notes are, they would say, “They are all in my brain.” The male students also
tended to confuse with the definition of each argumentation skill until the researchers pro-
vided clarification. Some teams even forgot what topic they should argue. In most of the male
teams, only one student was in charge of typing and thinking, while other team members
simply sat there or walked around.

Third, the application elicits student response. Looking at the external representation of
their positions, all teams in both conditions responded by providing reasons and evidence to
support their position. Fourth, when acting as an ally, the application is used by students to
support their efforts to make a case by claiming a counterargument or rebuttal. Specifically,
all teams in both conditions claimed a counterargument or counterarguments against their
corresponding team to make their case. However, with the exception of seven male teams in
the treatment condition, all teams in both conditions claimed a rebuttal or rebuttals against a
counterargument or counterarguments provided by their corresponding team.

In the collaborative argumentation process, all teams in both conditions negotiated
which shape should be used for the corresponding argumentation skill. In the treatment
condition, nine female (out of 11) and two male teams (out of eight) did a good job in
aligning the shape and the corresponding argumentation skill in the argumentation maps in
Lucidchart. In the control condition, seven female (out of eight) and seven male teams (out
of eight) did a good job in aligning the shape and the corresponding argumentation skill in
the argumentation maps in Lucidchart. In the control condition, the female and male teams
tended to look at the argumentation maps in Lucidchart that the other team did and learned
from it. For example, when the students brainstormed their argumentation, they would say,
“Let’s see what they have here.” or “Let’s check out what they did.”

Discussion

In this study, the findings are inconsistent with previous research (Asterhan et al. 2012;
Ding et al. 2009, 2011; Sullivan et al. 2015; Zhan et al. 2015) in terms of the effect of
different types of gender groupings on students’ content knowledge in computer-assisted
collaborative learning. Overall, the previous research suggested that female students tend
to perform better in content knowledge in homogeneous-gender groupings or same-gender
pairings than female students in the mixed-gender groupings or pairs. The present study
found no significant difference in science knowledge between students (either female or
male) engaging in within-gender team argumentation (treatment condition) and students
(either female or male) engaging in cross-gender team argumentation (control condition).
The findings might be attributed to a number of reasons. First, the students in some of the
previous studies were intentionally separated from their team member(s) by placing each
of them in different rooms or in different geographical areas when they collaborated with
their team member(s) in a computer-supported collaborative learning environment but
were not given sufficient opportunities to engage in verbal argumentation in a synchronous
way. However, in the present study, all the students were engaged in verbal collaborative
argumentation with the members of their own homogeneous-gender team both before and

AECT @ Springer



758 P.-S. Hsu et al.

while they argued with either another homogeneous-gender team (using either within-
gender argumentation or cross-gender argumentation) with the support of the GOCAA.
The verbal collaborative argumentation facilitated a common tempo for all the team
members to share their science knowledge, which could avoid the issue of the varied
tempos for participants in computer-supported collaborative learning due to lack of shared
contexts (Weinberger et al. 2010). Second, verbal collaborative argumentation would put
female students at great advantage because they tend to communicate ideas better in verbal
form (Tarim and Kyratzis 2012), which allows each member to contribute their science
knowledge. Third, in previous studies (e.g., Ding et al. 2011), the students collaborated
with their team member(s) via text-based computer-supported learning environments. It is
difficult for students to track and monitor texts in a chat room because the text threads may
become lengthy. However, in this study, the students were asked to make their science
knowledge visible using different shapes that represent different argumentation skills in the
GOCAA. The GOCAA became a space to share science knowledge, and each student was
able to track, monitor, and use the shared science knowledge in this space (Lajoie and
Derry 2013). Fourth, in this study, the students were asked to use visual elements (e.g.,
rectangles to indicate reasons) to make their ideas visible on the GOCAA. Although the
GOCAA became a tool to represent science knowledge visually and could support male
students’ visual mode of knowledge representation, the GOCAA can support female stu-
dents’ verbal mode of knowledge representation by allowing them to type in texts in the
shapes in GOCAA, which might reduce the opportunities for females to develop divergent
pattern of knowledge elaboration (Buck et al. 2012).

This study found no significant difference in argumentation skills between female students
engaging in within-gender team argumentation (treatment condition) and female students
engaging in cross-gender team argumentation (control condition). However, this study found a
marginally significant difference in argumentation skills between male students engaging in
within-gender team argumentation (treatment condition) and male students engaging in cross-
gender team argumentation (control condition). Male students in engaging in within-gender
team argumentation (treatment condition) performed worse than male students engaging in
cross-gender argumentation (control condition) in argumentation skills on individual essays,
particularly in rebuttal skills. This gender difference in the effect of gender grouping on
argumentation skills could be attributed to a number of reasons. First, the collaborative argu-
mentation process involved extensive planning and communication among team members.
Research (Korobov 2013; Stokoe 2004; Tarim and Kyratzis 2012) has shown that female
students are better than male students at planning and communicating and may engage in more
discussion during computer-supported collaborative learning than male teams, ultimately
leading to a better outcome, such as better argumentation skills. In this study, the female teams,
regardless of the type of gender grouping, demonstrated balanced participation in the collab-
orative argumentation process, an effect that could be reflected by the similar number of
representations of each argumentation skill in their argumentation maps in Lucidchart. The
female teams also demonstrated a similar pattern in terms of types of affordances in both
conditions. On the contrary, male teams engaging in within-gender team argumentation
(treatment condition) demonstrated unbalanced participation in the collaborative argumenta-
tion process, an effect that could be reflected by the statistically significant difference between
reason and rebuttal components in their argumentation maps in Lucidchart. These observations
suggested that male students tended to lack planning and communication skills, which can lead
to unbalanced involvement and participation in the collaborative argumentation process.

Second, this gender difference in the effect of gender grouping on argumentation skills
could also be attributed to the uses of metacognition regulation skills. In this study, the
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exhibiting function of the GOCAA afforded the female teams opportunities to develop
metacognition regulation skills in both conditions. On the contrary, these behaviors were
evident in one out of nine male teams engaging in within-gender team argumentation
(treatment condition) and one out of eight male teams engaging in cross-gender argu-
mentation (control condition). The male teams, regardless of the type of gender grouping,
showed poor use of metacognition regulation skills. In this study, the findings are similar to
previous findings (Asterhan et al. 2012; Caspi et al. 2008; Ma and Yuen 2011; Prinsen et al.
2007). The poor use of metacognition regulation skills by male teams might result in the
poor quality of the degree of participation, kind of participation, and experience of par-
ticipation in a computer-assisted collaborative learning environment, leading to poor
learning outcome, that is, argumentation skills in this study.

However, this study also showed that the metacognition regulation skills of the male
teams could be enhanced by working with the female teams. In the control condition
(cross-gender team argumentation), the female and male teams tended to look at the
argumentation maps in Lucidchart that the other team had constructed, and learned from
them. This is an example of the spreading effect (Kim et al. 2007). In cross-gender team
argumentation (control condition), the male teams were aware that the other team was a
female team and seemed to pay more close attention to the structure of argumentation
maps developed by the corresponding team and learned from it. It is evident that male
teams in the cross-gender team argumentation performed better in the alignment between
shapes/arrows and corresponding argumentation skill than male teams engaging in within-
gender team argumentation.

In science education, earlier research about supporting students’ scientific argumentation
skills has focused on the written form such as the Science Writing Heuristic (Cavagnetto et al.
2010). Recently, researchers have taken different approaches to develop students’ scientific
argumentation skills such as engaging students in argumentation talk and have portrayed
argumentation as a social process of constructing, supporting, and critiquing the claims for the
purpose of developing shared knowledge (Berland and Reiser 2009; Ryu and Sandoval 2012).
Along with this line of research, the scholars also caution that more work is needed to
understand types of support needed to engage students in this social process. This study
advances our knowledge of the importance of gender differences in communication styles
and cognitive abilities when involving students of different gender groupings in the collab-
orative argumentation process. As indicated in this study, using a GOCAA to support col-
laborative argumentation process has potential in mediating the differences of female and
male students’ development of science knowledge. Yet, researchers need to explore ways
(e.g., prompts in the GOCAA, teacher guidance) to address male students’ unbalanced par-
ticipation and lack of metacognition skills in the collaborative argumentation process.

Limitations and future studies

There are a number of limitations in this study. The findings showed that the male teams
tended to use metacognitive regulation skills to a lesser extent than their female teams to
regulate their collaborative argumentation process supported by a GOCAA. One limitation is
that metacognitive regulation is one type of affordance emerging from our qualitative
analysis. Further studies are needed to explore what causes male students to fail to use their
metacognitive skills and the affordances of the GOCAA, and to assess metacognitive regu-
lation in a quantitative manner that allows for statistical analysis. Additionally, conducting a
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qualitative research study, adopting in-depth interviews with the male students, could provide
insight into number of questions. Do male students have difficulty in impulse control? Do they
find other male students’ competition distracting? Are they aware that they are failing to be
strategic in their work? When they work with the female teams, do they notice the difference
in the quality of argumentation maps? Further studies are also needed to examine if there are
any interventions such as a teacher’s guidance (Hsu et al. 2015) and the GOCAA’s built-in
features (Quintana et al. 2004) that could reinforce the female teams’ metacognition regu-
lation skills and improve the male teams’ metacognition regulation skills and how. For
example, if the teacher provides students with map-rating and argumentation scoring rubrics,
would they improve their performance? The other limitation is that participants’ science
learning competencies were not controlled. Further study could be conducted that incorpo-
rates one or more pretests to control for possible variation due to participants’ prior science
learning experiences, or their science knowledge on a particular topic.

This study was conducted with students from middle-class families. The school was
equipped with rich technology and abundant opportunity for student experience with
project-based science learning. Further studies are needed to examine how classroom
variables such as socio-economic status, level of technology resources, lecture-based
science teaching, cultural background (Vatrapu 2008) may affect the outcomes of this
study. This study was conducted within one semester for one science topic. Longitudinal
studies are needed to examine how different types of gender groupings affect female and
male students in science knowledge and argumentation skills. Additionally, this study is
limited to the context of middle-level students, and further studies are needed that examine
students in different settings, such as a college-level setting.

Implications and conclusion

This study proposed that engaging middle-level female students in scientific argumentation in
computer-supported collaborative learning environments could enhance their interests in
science. It is important for instructional designers and educators to consider gender differ-
ences in cognitive abilities and communication styles as well as different types of gender
groupings in orchestrating such learning environments (Dickey 2014). This study concluded
that, when integrating verbal collaborative argumentation activity to bring all team members
to the same tempo in a GOCAA learning environment and using a GOCAA to support the
argumentation, female students engaging in cross-gender team argumentation condition do
not perform worse than female students engaging in within-gender team argumentation.
Further, these female students engaging in cross-gender team argumentation might be less
likely to employ divergent patterns of knowledge elaboration due to the differences of
communication styles and cognitive abilities between female and male students.

However, it was a disadvantage for the male students to engage in the process with the
male students in the within-gender team argumentation. Instructional designers or edu-
cators could use this observation to plan computer-assisted collaborative learning in dif-
ferent stages. For example, it may be beneficial first to engage students in the same-gender
argumentation and then to provide them with the opportunity for cross-gender argumen-
tation. Practitioners need to be cautious about the use of different types of gender grouping
strategies, so that neither male nor female students are placed at disadvantage. In this
study, cross-gender team argumentation appears to benefit both female and male students.
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Appendix 1: Student sample post essay
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Appendix 2: Science knowledge rubric

Criteria 0 points 1 point 2 points 3 points
Scientific facts No facts presented 1 fact presented 2 facts presented 3 or more
presented facts
presented
Scientific explanation No explanation 1 statement of 2 statements of 3 statements
stated to support explanation explanation of
facts explanation
Scientific validity of 3 or more 2 facts/explanation 1 fact/explanation  All
facts/explanation facts/explanation statements are statement is statements
statements are false false false are valid

Appendix 3: Correct logic for scoring argumentation skills in individual
essay

Example 1:

(Indicate a Position)—(Indicate Reasons)—(Indicate Evidence)—(Indicate Counterargu-
ments)—(Indicate Rebuttals)

Example 2:

(Indicate a Position)—(Indicate Reasons)—(Indicate Evidence)—(Indicate Counterargu-
ment)—(Indicate Rebuttal))—(Indicate Counterargument)—(Indicate Rebuttal)
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