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ineffective, resulting in their unwillingness to shift or revise ideas. It appears that
these students struggled with using the argumentative context as an opportunity to
refine their own thinking (Berland & Reised, 2011). Berland and Reised (2011) have
indicated that students rarely revised their ideas in light of the challenges and
questions posed. Similarly, Kuhn and her colleagues (D. Kuhn, 1989; D. Kuhn, Amsel,
& O’Loughlin, 1988; D. Kuhn, Black, Keselman, & Kaplan, 2000) also reported that
students struggled to reinterpret evidence after class discussion.

However, this study did find that students at the end of the semester were
more willing to revise their ideas if their peers provided evidence to support their
opinions. These findings, therefore, suggest that a challenge component is necessary
for argumentative practice, but it is not enough. Evidence-based defending,
supporting, and rejecting components may help students to rethink, reflect, and
compare their ideas to those of others with evidentiary support. These components
and actions may ultimately result in students revising their ideas and reconstructing
their scientific knowledge through argumentative practice.

The significance is, then, that only using talk as a learning tool may not
produce evidence-based defending, supporting, and rejecting discussions. As several
examples shown in Themes 3, 5, 6, and 7 demonstrate, when students engaged in
evidence-based discussion, they usually used writing associated with talk as
negotiation tools to help them explain and elaborate their ideas. Ultimately, students
constructed their “new” knowledge by combining these two tools of negotiation.
Galbraith (1999) argued that the writing process®, when accompanying
representational talk, is a knowledge-forming process. While the quantity and quality
of talk are important, this current study suggests that writing also plays a significant

role in knowledge clarification and construction.

6 The writing process is not limited to producing texts. Rather, the process includes
multi-model representations.
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Written Arguments

One of the major findings of this study indicates that there is a relationship
between the way these students participated in argumentation and their abilities in
crafting written arguments. Examining Theme 2 and Theme 5 together, at the
beginning of the semester students focused on challenging the test procedure and
accuracy of claims, which was reflected in the improved quality of their written
arguments about the accuracy of claims. In the middle of the semester, students’
spoken challenges focused on the structure of the argument, which was also reflected
in their improved quality of writing about the relationship between question and claim
and the relationship between claim and evidence. At the end of the semester, students
moved to challenge the quality of evidence, which was reflected in their improved
quality of written arguments regarding reasoning and sufficiency of evidence. These
observations, when taken together, indicate that there seems to be a positive
relationship between students’ participation in argumentation and writing as outcome
measures.

This result responds to Reznitskaya, Anderson, and Kuo’s (2007) study. They
found that student performance on a reflective essay was improved only by their
participation in discussions, in comparison to students who did not participate in
discussions. Along the same lines, Sampson, Grooms, and Walker (2011) found that
groups that had higher levels of disciplinary engagement in scientific argumentation
also crafted higher quality written arguments. Building on these studies, the research
conducted in this study suggests that talk and writing are interdependent. However, it
is believed that improved performance in one practice does not necessarily lead to
better performance in the other; instead the students seemed to develop better
awareness of audience and understanding of claim/ evidence, which guided how they
engaged in both practices.

One key finding was that students developed an awareness of audience for oral

argumentation and written arguments over time. Some researchers may argue that it is
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not necessary for students to develop awareness of audience when engaging in oral
argumentation due to the nature of the activity. However, in Theme 8, the findings
showed that in the beginning of the semester the students’ audience for oral
discussion was the teacher, rather than their peers. Although these students were
required to present their written arguments to the whole class, they always paid
attention on the teacher’s reactions and feedback. Similarly, at the beginning of the
semester the students’ audience for crafting written arguments was the teacher. Indeed,
this situation frequently occurs in traditional science classrooms. When students are
assigned a task to write an argument and present it to the whole class, they usually
pay attention to the teacher’s reactions. Nevertheless, when these students engaged in
the negotiations embedded within argumentative practices, this study found that
students came to understand that their audience is not only the teacher, but also their
peers. Feedback can come from the students themselves as well as the teacher. The
findings indicate that students’ shift in the awareness of audience resulted from their
increased understanding of argumentation. This understanding then became part of
their reasoning processes and they were able to write and debate questions involving
arguments.

A seconding finding was that students developed a better understanding of the
criteria and norms of what counts as evidence and what counts as a claim.
Additionally, they also learned the criteria and framework of how to evaluate an
argument. As examples shown in Themes 2 and 5 indicate, at the beginning of the
semester, the students focused on surface declarative knowledge to evaluate ideas and
did not include genuine evidence to support claims in their written arguments.
However, after obtaining “a grasp of practice” (Ford, 2008), students came to
understand the difference between data, claims, evidence, and reasoning as well as to
develop new criteria to evaluate and critique each other’s ideas. This epistemic shift
from the focus of what we know to the emphasis on how we know what we know and

why we believe what we know (Duschl, 2008) requires a different classroom culture
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and discourse environment (Cavagnetto, 2010). It is speculated that this epistemic
shift requires two conditions to occur: (1) students must be introduced to new criteria
or norms for what counts as a claim and what counts as evidence in an explicit fashion
in an appropriate context and time, and (2) students need to be encouraged by others
to use these new criteria and norms in an appropriate context and time in which they
are fruitful and make sense. In other words, students gain valuable and useable
understanding through engaging in argumentative practice, rather than learning these
criteria and norms before doing science. Argumentative practice should be embedded
in different inquiry areas that provide meaningful context for students to engage in the
activities of arguing to learn and learning to argue. However, these speculations go
beyond the focus of this study and will require more targeted research to substantiate.
A third important outcome of this study was that the students were able to
transfer their understanding of argumentation from the first unit to the second unit. As
observed, not only initially talkative students but also quiet students seemed to
transfer their skill of argumentation from one context to another. However, the
researcher agrees with Cavagnetto’s (2010) perspective and argument. The students
transferred their understanding of scientific argumentation and practice, not only their
skills of argumentation. The skills of argumentation include knowing and applying the
argument structure and understanding science principles and processes.
Argumentative practice includes not only knowledge of argument structure, but also
of the abstract nuanced features at the junction of science processes, argument
structure, and construction of scientific conceptual knowledge. For example, through
argumentative practice this study found that students developed a sophisticated
understanding of the nature of argumentation, realized the argument structure, and
advanced their understanding of negotiation. Therefore, the goal of argument
instruction in a science context is not only the transfer of argumentation skills but

rather the transfer of an understanding of scientific practice.
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A fourth finding was that students’ written scores on the aspect of reasoning
evidence were lower than on other aspects through the two units. However, when
comparing students’ reasoning scores in the first and second unit, students apparently
improved their reasoning abilities on writing arguments in the second unit. This study
also found that students came to use different models to represent their ideas and
images in the oral discussion, which also applied to their written arguments (Theme 3
and Theme 6). The result does raise a question about the value of encouraging
students to explain a concept or knowledge claims by using multi-model
representations in crafting written argument and oral discussion. Previous studies
have revealed that students have difficulty providing backing for their claims and
evidence both in their written arguments (Bell & Linn, 2000; McNeill et al., 2006)
and during classroom discussion (Jiménez-Aleixandre et al., 2000). The researcher
conjectures that students’ difficulty with reasoning made the value of multi-model
representation particularly important for this component of argument throughout the
two units. Ainsworth (1999) highlighted how the use of multi-model representations
led to a deeper understanding of concepts that may include promoting abstraction and
encouraging generalizations between representations (Hand, Gunel, & Ulu, 2009; Wu,
Krajcik, & Soloway, 2001). Asking or encouraging students to use multi-model
representations may foster their ability to clarify and revisit their ideas instead of

relying only on talk or one model (text) for reasoning concepts.

The Use of Talk and Writing
This study demonstrated that students used talk and writing simultaneously to
construct their scientific knowledge at the end of the semester in both whole class
discussions and small groups (Themes 3, 6, and 7). The use of talk and writing was
embedded in the students’ investigations and negotiations and became an integral part
of inquiry as students became capable of using the two tools to represent their
arguments, analyze data, and debate their ideas. During interviews, students confessed

that talk associated with writing helped them to clarify and visualize their ideas,
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which drew them to discuss concepts at a deeper level. These findings suggest that in
argument-based inquiry learning environments, talk and writing were recognized and
internalized by students as learning and negotiation tools to construct knowledge.
Using these two learning tools to negotiate became part of classroom culture (Hand,
2008; Kelly & Chen, 1999) that matched with those in the community of scientists as
proposed by Norris and Phillips (2003).

Some interesting questions and dilemmas are raised from the findings about
the combination of talk and writing to construct knowledge in argument-based inquiry.
What is the value of the simultaneous use of these two tools? What are the differences
among use of talk alone, use of writing alone, and simultaneous talk and writing? As
the examples shown in Themes 3, 6 and 7 indicate, students’ writing (drawing) to
visualize their thinking and image of the respiratory system in a written form brought
their discussion to a deeper level and clarified their ideas in that context. This kind of
talk associated with writing, as Galbraith noted (1999), required an oscillation
between disposition (targeted topic) and linguistic (writing task) knowledge, which
led to clarification of conceptual understanding and may lead to the formation of new
knowledge. In Themes 3 and 6, Nolan did shift and reconstruct his idea after
discussion with his peers by using writing at the same time. This kind of talk
associated with writing also helped him to clarify his idea to other students and
ultimately led them to construct more complete scientific knowledge.

Importantly, talk associated with writing is different from either
student-generated argument by talk or individual writing of the argument. Talk
associated with writing occurred within the group context or whole class setting and
therefore the discourse was under scrutiny from the collective body rather than
separate individuals. Alternative ideas were therefore stimulated by other students’
critiques. As such this kind of talk associated with writing, similar to talk, is a

collaborative effort.
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In addition, talk alone simply deposits ideas that are not recorded. It is difficult
to go back to check an idea generated 10 minutes ago. By contrast, the form of talk
associated with writing for sharing, challenging and defending is an interaction
between students and texts which is represented by someone. Talk associated with
writing encourages students to “freeze” their ideas on paper, which records them.
Students can frequently collaboratively reflect on their ideas based upon their writing.
The role of writing in this case “serves learning uniquely because writing as
process-and-product possesses a cluster of attributes that correspond uniquely to
certain powerful learning strategies” (Emig, 1977, p. 122).

Another pattern of the combination of talk and writing is the use of the two
learning tools in sequence. As shown in Theme 6, Blair perceived that writing
following talk helped her to reflect and reorganize her ideas in a logical and coherent
way after a rambling and divergent discussion. In addition, talk following writing
encouraged their discussion to be more evidence-based. This finding provides
empirical evidence verifying several scholars’ “hypothesis™ about the value of the use
of talk and writing in sequence (Berland & McNeill, 2010; Jiménez-Aleixandre &
Erduran, 2008).

Previous studies on argumentation have focused on the value of talk (e.g. Scott
et al., 2006) or the value of writing (e.g. Bangert-Drowns et al., 2004), but in the
context of the current study the researcher would argue that the combination of talk
and writing has value. This does not mean that the role of writing or the role of talk in
science classrooms should be underestimated. As Chapter Two’s review of literature
shows, there are a number of positive effects of promoting students’ learning science
by using talk or writing (e.g., Lemke, 1990; Klein, 1999). However, the analysis of
this study led the researcher to rethink the value of the combination of talk and
writing to promote students’ construction of science, as it appears to help students

engage in more productive arguments than when using talk or writing alone.



153

To summarize, the results reported here suggest that the combination of talk
and writing is critical to facilitating argumentative practices for learning science. Thus,
in designing successful and productive argument-based inquiry environments, this
kind of language use in science should be emphasized as a form of inquiry.
Researchers and educators should “design sequence of instruction that provides

opportunities” for student growth (Duschl & Ellenbogen, 2002, p.3).

Cognitive Processes

Another important finding of this study was that students engaged in
higher-order and more complex cognitive processes when talk and writing were used
together either in sequence or simultaneously, rather than when they were used alone.
In other words, talk and writing used separately may not lead students to higher-order
cognitive processes. However, when students were able to perceive both talk and
writing as interdependent learning tools, they appeared to employ a more
sophisticated approach toward cognition. This is yet more evidence supporting the
value of using talk and writing together in argument-based inquiry.

In terms of the relationship between the use of these two learning tools and
cognitive processes, the researcher raises the following questions from the results of
this study: Does the use of talk and writing simultaneously or in sequence lead to
students’ complex and higher order cognitive processes? Or do students who have
higher cognitive reasoning skills cause the use of talk and writing? In other words, a
student with higher cognitive reasoning skills in a typical science classroom task
might use more strategies while a student who is less adept at scientific reasoning
might use fewer. To answer these questions, let’s consider the examples in Themes 6,
7, and 8 demonstrated by Kurt.

The example in Theme 6 shows that Kurt, at the beginning of the semester,
heavily relied on the use of writing to record data and to report group arguments to the
whole class. However, in the example in Theme 7, at the end of the semester Kurt

frequently used these two tools in the same event to construct the core concept. He
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used writing associated with talk to elaborate and defend his ideas, further analogized
the syringe model to the human respiratory system, as well as adopted different
models to represent his ideas about the respiratory system. This progression of the use
of talk and writing as learning tools to negotiate in group discussion seems to have
resulted from his understanding of the value and the role of language in
argument-based inquiry. In the interview, he recognized that using these two learning
tools to negotiate with his peers helped him to clarify his ideas and led to peers
challenging his ideas. After challenging, he began to rethink and reflect on whether
his model was able to explain the respiratory system. His improved understanding of
the role of language further led him to engage in more complex and higher order
cognitive processes. However, this progression was not automatic and did not occur in
a short period of time. The research suggests this kind of shift requires that the teacher
build an environment for students and teach them how to use the language in that
context just at the right moment. This is beyond the focus and analysis of this study.
During the researcher’s observation, the teacher usually taught students how to use
writing to represent their ideas in a whole class discussion or a small group
investigation, rather than teaching them before doing science. Nevertheless, this

conjecture will require more targeted research to substantiate.

The Meaning of Negotiation

In addition to the understanding of the value of language for negotiation, the
use of talk and writing together in argument-based inquiry also resulted in students
taking ownership of their learning as well as in an increased understanding of the
meaning of negotiation (Themes 1 and 8). The findings have shown that students took
ownership for their learning when they used the combination of talk and writing to
negotiate by the end of the semester. Using talk and writing became part of classroom
culture that matched that in the community of scientists as proposed by Norris and
Phillips (2003). The researcher suggests that students need to learn to take ownership

or responsibility for their learning. Ownership in this pedagogical scheme lies in the
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classroom community, but this does not imply that “anything goes” or that the teacher
has no voice (Ford, 2008). The teacher has a responsibility to challenge students’
claims and evidence when students are not able to mediate effectively. Additionally,
teachers must provide appropriate scaffolds that aid students’ understanding of the
value and the use of language and the meaning of negotiation.

More importantly, the teacher should create a discourse space (Marton & Tsul,
2004) in which students can construct an argument as part of an investigation with
their peers, clarify their thinking by using the six core argumentation components,
monitor their conceptual understandings, as well as learn and use the criteria by which
these arguments will be judged or evaluated. Talk and writing can be powerful means
by which to foster students to engage in higher cognitive reasoning. Especially, the
simultaneous use of talk and writing can be an effective way to help students develop
ownership of their learning, participate in more productive argumentative practices,

and advance their conceptual growth.

Methodological Considerations

This study applied three analytical approaches to the same data set to
triangulate the findings and thereby strengthen interpretations. The first two analytical
approaches (the constant comparative method and the enumerative approach) are
commonly used by many qualitative researchers in science education. The third
analytical approach (in-depth analysis of knowledge construction trajectory (KCT)
episodes) was purposefully designed for the current study to answer the second
research question. This approach is built on the assumption that students are able to
construct knowledge through argumentative practice (this issue still remains
undefined). The results, to a certain degree, provide evidence to show that students are
able to build scientific knowledge through practice.

In addition, although many scholars emphasize the value, use, and patterns of
the combination of talk and writing in argumentative practice, few studies provide

empirical evidence to support that practice. Most researchers have applied the
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A third issue that should be addressed in future research is the use of
multi-model representations in argument-based inquiry classrooms. This study found
that students came to use different models to represent, clarify, challenge, and defend
their ideas during discussions. Using multi-model representations has value in
argumentative practices. However, the use of multi-model representations was not the
focus of this study, as it was not expected that students would use multi-model
representations in argumentative practice. So far, much research related to writing as a
cognitive model has emphasized individuals’ cognitive processes and the text (e.g.
Emig, 1977; Galbraith, 1999; Hayes, 1987; Klein, 1999; Scardamalia & Bereiter,
1986). Few research and writing models have focused on illustrating this kind of
practice and cognitive process of using multi-model representations. How are
different models connected to individual cognitive processes? What is the impact of
different models on different argumentative practices such as presenting, critiquing,
reflecting, and constructing? Are there some models that better facilitate students’
learning science in argumentative practice than others in different science topics?

A fourth area of needed research deals with the realm of scientific reasoning.
One of the central goals of science education is to promote epistemologically
scientific reasoning in students (NRC, 1996, 2007). Researchers such as Bell and Linn
(2000), Chinn and Malhotra (2002) and Songer, Kelcey, and Gotwals (2009) have
suggested that evidence evaluation tasks hold promise for capturing a range of
features of epistemologically scientific reasoning. The findings of this study have
shown that students spent a majority of their time elaborating their ideas across two
units by conducting different reasoning skills when they engaged in argument-based
inquiry. Students also displayed their reasoning abilities by the end of the semester via
using talk and writing simultaneously to clarify and deepen their scientific
understanding. However, the area of reasoning was not the focus of this study. There

is a need for extended research into how argumentative practice can advance students’
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reasoning abilities. Another question is how the combination of talk and writing can

better support students to engage in an authentic reasoning environment.

Limitations of this Study

Several limitations of this study are presented to allow readers to gauge the
usefulness and appropriateness of the findings for other settings. Limitations of the
study were mainly derived from the research questions and methods.

First, this study was focused on how students develop their understanding of
the nature of argumentation in an argument-based inquiry in which both talk and
writing are used as learning tools as well as to identify the patterns of talk and writing
that emerge as students construct understandings of scientific concepts. This study
focused on only two learning tools: talk and writing. However, there are other useful
learning tools that could foster students’ science learning. For example, reading is a
powerful learning mode in science classrooms (Holliday, Yore, & Alvermann, 1994).
If reading was included in this study, the results and research methods, to a certain
degree, might be slightly different. However, due to the necessity to narrow down the
focus of this study and the lack of studies currently available which investigate the
effect of the combination of these two learning modes, this study still provides
insights into pedagogies and research methods that expand our limited knowledge of
how to combine talk and writing to improve students’ learning of science.

A second limitation is the size and variation of participants that could
undermine how broadly applicable the results of this study may be. Only one class
was included in this study due to the resources available and the nature of qualitative
research. Additionally, no control group was included in this study with which to
compare the results and interpretations; this study is therefore limited in its ability to
attribute certain students’ learning effects to other settings. However, even without a
large number of participants and control groups, rich and detailed descriptions of the
research site, participants, and findings might help readers make decisions about the

study’s application to other settings.
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A third limitation involves the selection of students participating in
semi-structured interviews and observation. While substantial work in previous
studies has focused on optimizing participants in terms of gender, achievement levels
in science, and verbal participation in class discussions, the current study did not sort
students into groups based on those variables. In addition, many studies have designed
situations in which students have regular group partners in order to observe
conveniently. This study tried not to influence the teacher’s usual teaching strategies
and to reflect the real classroom environment. The current study did not ask students
to stay in the same group over sixteen weeks. Selecting optimal participants in terms
of achievement in science and verbal participation in discussions might therefore
produce a better impact and different cognitive processes. Making students stay in the
same group for the whole process may generate different results.

In addition, this research explored the nature of argumentation and the patterns
of the use of talk and writing only in one semester over two units. If this study
continuously observed this class for another semester across different units, the results
might be different. Different components and patterns of the use of talk and writing
might occur.

A final limitation of this study lies in the factor of the teacher. The teacher
who participated in this study has a high level of implementation of an
argument-based approach due to the scores of RTOP and previous years’ observations.
If this study was conducted in a traditional classroom, the results, to a certain degree,
might be different due to other factors, such as familiarity with the argument-based
approach and pedagogical content knowledge (Shulman, 1986, 1987). When viewing
classroom life as synergistic, the learning effects caused by these factors are

inseparable in this study.
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APPENDIX A
INTERVIEW QUESTIONS

First Round Interview: Background and Conception of

Science Learning

. If someone asks you “What is science?”” what will you tell him or her?

. If someone asks you “How do you learn science?”” what will you tell him or her?
Please describe for me something you know a lot about: plants. You can tell me
anything you know about them. How do you know that you know so much about
this subject?

Please describe something you learned in science class that helped you with
something outside school. How did it help you?

. Who or what helps you learn science in school? How does ____ help you learn
science?

. T'heard your class talking about the word “claim” yesterday and today. “How
would you describe to a 4th grader what a claim is?” I also heard your class
talking about evidence. “How would you describe to a 4th grader what evidence
1s?”” How do you come up with your claim when you learn about a topic (like
plant investigation)? What sources do you take into account?

How do you come up with or create a claim? [if needed ask] What do you use to
make your claim?

How do you get or find evidence for what you study in science class? [if needed

ask] Can you think of any other ways to get or find evidence?
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Second Round Interview: Retrospective Interview on

Learning Science in a Classroom
I noticed in this science class that lots of people talk. Why do all of you talk so

much in this science class?

I noticed in this science class that you sometimes write things in your journal.
Why do you write things down in this science class?

When you write in your science journal, where do most of those ideas you write
about come from?

What did you learn from this class? How?

How do you ensure that you know a concept?

How do you think talking in a group or in a class helps you understand a concept?
How do you think writing helps you understand a concept?

Does talking with your peers (classmates) influence your writing? How?

When your peers (classmates) have ideas that are different from yours, what do
you think of their ideas?

What kinds of things do you take into consideration when you debate your claim

and evidence?

Third Round Interview: Reflection on Learning Science

from a Holistic View
What have you learned in this unit?

Have you changed your views of the topic compared to the beginning of the unit?
What did you change?

Did you change your claim at the end of this unit? Why?

Did you change your evidence at the end of this unit? Why?

How does talking in small groups or in a whole class help you understand the
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concepts? Why do you think talking helps you understand the concepts?
. How does writing help you understand the concepts? Why do you think writing
helps you understand the concepts?

. Does talking influence your writing? How? Why?



166

APPENDIX B
AN EXAMPLE OF ORGANIZING

(Nolan writing sample, 9/30/2010)
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APPENDIX C
AN EXAMPLE OF MULTI-MODEL REPRESENTATION

Claim: Our digestive system breaks down food for nutrients and energy.

Evidence: The digestive system is a group of organs. The food is broken down by
organs in digestive system. All of the parts in the digestive system affect the food in
different ways. Some of these effects are longer then some are smaller. Food gets
broken down into useful nutrients for your body. The organs and parts in your body
that help break down the food are your teeth, tongue, saliva, esophagus, stomach,

stomach acid, and your intestines.

(Nolan writing sample, 11/30/2010)
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APPENDIX D

KNOWLEDGE CONSTRUCTION TRAJECTORY (KCT) EPISODE

Student Kurt

Name

Episode Ecoysystem-Plant-Kurt_03
Number

Unit Ecosystem-Plant

Core concept
related to this

Seeds need water, air, and appropriate temperature to germinate

episode

Events Event 1 (10/01/2010)-Small Group Writing

included in During Kurt’s group writing for claim and evidence, Kurt claimed, “In order

this episode for a plant to live, it needs water, soil, and air.” In Kurt’s claim, three points
which were scientifically incorrect needed to be addressed. First, this claim
did not answer the research question—What do seeds need to germinate?
Kurt confused seeds with plants in this claim. Second, soil is not a
requirement for seeds to germinate. Third, Kurt did not consider that
temperature is one important factor for seeds to germinate.
Event 2 (10/04/2010)-Whole Class Discussion
During this whole class discussion, Kurt understood the difference between
seeds and plants. He knew his claim did not target the research question. In
addition, Kurt thought seeds needed sunlight to germinate, although this
concept is not scientifically correct.
Event 3 (10/04/2010)-Whole Class Discussion
Kurt clearly acknowledged that temperature is one important necessity for
seeds to germinate.
Event 4 (10/06/2010)-Small Group Writing
Kurt wrote down his group’s claim as “In order for a seed to germinate, its
needs are water, air, and the correct temp.”

The growth

of concepts in Conceptual Growth

this episode

| Event 1: A small group writing
| A plant needs water, soil, and air to live I

Event 2: A whole class discussion
A seed needs sunlight to germinate

|

Event 3: A whole class discussion
A seed need correct temperature to
germinate

L

Event 4: A small group talk and writing “

A seed needs water, 2ir, and correct
temperature to germinate

Description and Coding

Event 1 (10/01/2010)-Small Group Writing

Students were asked to write down their claim and evidence in a small group to answer the
research question—What do seeds need to germinate? Kurt and his group member, Aaron,
wrote down their claim and evidence as follows:

Claim: In order for a plant to live, it needs water, soil, and air. (claim _ accuracy; claim _
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guestion)

Evidence: We know this because we ran tests. In the water test we found out that in the cup
we gave it, it needed about 30 mL of water. At max, the cup held about 250 mL of water. In
the air test, we found out that the plants need air like we do, but they don't take in carbon
dioxide. Takes in carbon dioxide and breathes out the air that we breathe in. In the soil test,
we found out that without soil, the plant would die faster. It doesn't need soil, but eventually
after it has germinated and a plant starts growing, it will die faster, because it doesn't have
anything to start its roots in. (evidence _ reasoning; evidence _ sufficiency; evidence _ data)

In their claim, three points were scientifically incorrect. First, the claim did not target the
research question. That is, the research question focused on the needs of a seed to germinate,
not a plant. Second, soil is not a requirement for a seed to germinate. Third, Kurt’s group did
not consider correct temperature as one of the requirements for a seed to germinate.

In their evidence, Kurt’s group did not explain the reason why a seed needs water to
germinate. They just noted their test data without any explanation. In addition, they did not
explain the reason why a seed also needs air and soil to germinate. They just rephrased the
claim again in their evidence.

Two reasons can be provided for why Kurt’s group did not produce evidence with rich
reasoning. First, they did not clearly know what they investigated. Their writing showed that
they tried to answer the question “What do plants need to live,” rather than “What does a seed
need to germinate?” Second, and more important, they did not know how to reason, explain,
and interpret their data as evidence.

Event 2 (10/04/2010)-Whole Class Discussion

The class required each group to present their claim and evidence. After each group
presentation, students were asked to provide questions to critique each group’s claim and
evidence. After the first group’s presentation, the teacher asked the question, “Kalie, is the
question what do plants need or what do seeds need?” (clarification). After T’s question, the
students realized that they should just focus on seeds, not on plants.

Another question came up after the first group presentation. T initiated the question “Seeds
need air, water, sunlight or darkness to germinate. Agree, disagree?” (elicit idea). Students
started to argue with each other. Mary responded, “I disagree with darkness because not every
single plant needs darkness.” However, other students posed different positions.

Olivia  Yeah, you can't take away both of them. Defense Simple

Teacher Am I arguing that they're going to get one or the Focus
other? Or am | saying possibly it's not even a need
that we have to talk about?

Kurt Possibly, but you know, if you take away sunlight it  Challenge  Condition
has to be in darkness. If you take away darkness it has
to be in sunlight.

Teacher But we're talking about needs, Kurt. Is it a need to Challenge  Focus
germinate, as in if you take it away, it won't
germinate?

Kurt You can't exactly take it away. Defense Simple

In this conversation, Kurt thought seeds need at least sunlight or darkness because the earth
provides it already. Other students supported his idea. For instance, Blair also speculated,
“Because everywhere there's gotta be an amount of sunlight or an amount of darkness.”
(challenge_ conditional). However, those students’ ideas were not consistent with current
science concepts that suggest that sunlight and darkness are not necessary for a seed to
germinate; correct temperature is one of the requirements.

Event 3-Whole Class Discussion




170

Then, one critically important moment occurred during the following conversation. Emma
provided her group’s experimental result that showed seeds germinated in both sunlight and
darkness (challenge _ compare). This result brought students to think differently about the
requirements of a seed to germinate.

Blair Well, I'm really confused like, same with Olivia. Challenge Conditional
Because if you don't put it in sunlight, and you
don't have to put it in... It's not a requirement to
put it in sunlight and it's not a requirement to put
it in darkness, where do you put it? Because
everywhere there's gotta be an amount of
sunlight or an amount of darkness.
Teacher Wait, so Journey says it has to have sunlight. Elicit idea
Because?
Journey Because it gives off warmth. Support Evidence
Kurt But that means it doesn't need sunlight, it only  Elaborate
needs the warmth from it.
Olivia It doesn't need sunlight; it just needs heat. Support Simple

Journey came up with the idea that seeds don’t need sunlight or darkness, they just need
warmth. The reason why Journey came up with this idea was because Blair mentioned an
important key word, “requirement,” which triggered Journey to postulate that seeds don’t
need sunlight or darkness, they just need warmth. Kurt elaborated on the idea following her
conversation.

After this conversation, other students were still confused about the idea that seeds don’t need
sunlight or darkness to germinate. Kurt tried to convince other students of his idea.

Kurt Really, when a seed is under the soil, it doesn't  Support Evidence
get any sunlight; depending on how far deep you
put it, it can't get to the sunlight but it can get to
the heat the sunlight's producing.
Blair But if I am understanding Olivia’s question...  Support Evidence
but still, if you put it in the place, and it's either
sunlight or darkness, then it's fine - you just
have to get warmth.
Kurt Yeah, and it doesn't matter which one you put it Elaborate
in, you just have to give it heat.
Adam  You can put it anywhere. Support Simple

Event 4 (10/06/2010)-Small Group Writing

After each group’s presentation, students were asked to modify their claim and evidence
based upon class discussion. Kurt’s group revised their claim and evidence as follows:

Claim: In order for a seed to germinate, its needs are water, air, and the correct temp. (claim _
accuracy; claim _ question)

Evidence: We figured this out by testing these items: water, soil, air, sunlight, food, darkness,
fertilizer, and temp. Water, air, and temp, when we took these items away the plants died.
When we took the others away, no change. So in conclusion, without water, air, and temp, the
plant won't germinate. It needs water because without it, it will be dehydrated and dry up. It
needs air because if you took air away, it would suffocate and slowly when it took in air there
would be none to take in so eventually it would die. If you took away heat (the correct temp)
it would overheat and wouldn't germinate well. (evidence _ reasoning; evidence _
counterevidence; evidence _ sufficiency)

In the revised claim, Kurt and his group member make their claim more consistent with
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scientific concepts as well as target it to answer the research question.

In the evidence, Kurt’s group integrated what they talked about in class. Not only did they
provide sufficient evidence to support the claim, they also accurately explained why seeds
need water, air, and correct temperature to germinate. Additionally, they provided
counterevidence to make their evidence stronger.

Analytical Notes

This episode occurred when students generated their claim and evidence, presented and
defended them to their peers, and finally revised them.

This episode can be broken down into several different parts. In the beginning, Kurt’s writing
showed that he did not consider sunlight to be one of the requirements for a seed to
germinate. However, after listening to other groups’ presentations, he shifted his thinking to
the belief that sunlight is one of the requirements for a seed to germinate, although this is not
scientifically correct. He joined his own ideas to the class argument, proposing, “If you take
away sunlight it has to be in darkness. If you take away darkness it has to be in sunlight”
(challenge _ condition).

Later, Emma mentioned her group’s experimental results, which showed that seeds
germinated in both sunlight and darkness. These results made students think about the
requirements for seeds to germinate. Consequently, Journey came up with the idea that
sunlight gives seeds warmth. Building on Journey’s idea, Kurt elaborated, “It doesn't need
sunlight, it only needs the warmth from it” (elaborate). After Kurt acknowledged that warmth
is a requirement for a seed to germinate, he tried to persuade other students to believe his
ideas.

This series of conceptual growth might have been caused by several reasons. First, Kurt
realized how his claim and evidence lacked compared to other groups’. Second, continuous
challenge, clarification, and critique caused conceptual disequilibrium for Kurt. In order to
defend his ideas, he had to provide stronger reasons to defend. Finally, he found a way out to
bring his concepts into equilibrium again due to strong reasoning.

After the whole class discussion, Kurt had to reflect on what he debated in class. He had to
integrate and write up the concepts discussed in class. This process made him reflect on the
conversation, synthesize the ideas, and translate those ideas to his own ideas. The revised
writing showed his conceptual growth and argument development.

Role of
talklng and Main Activity Conceptual Growth Cognitive Process
writing In
this episode ting claimand | |———————————————————
p Wrgmg claim and : Event 1: A small group writing : Describe
evidence | A plant needs water, soil, and air to live I
T
Presentation Event 2: A whole class discussion Challenge,
Aseed needs sunlight to germinate Defend
Presentation Event 3: A whole class discussion Challenge,
Aseed need correct temperature to Elaborate,
germinate Support

Revising claim and
evidence

Reflect,

Event 4: A small group talk and writing Integrate

A seed needs water, air, and correct
temperature to germinate
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APPENDIX E

THREE STUDENTS’ KNOWLEDGE CONSTRUCTION TRAJECTORY (KCT) FOR ECOSYSTEM AND HUMAN BODY SYSTEM
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Notes: Broken line boxes indicate that the target students only used talk as learning in the event; solid line boxes indicate that the target students only used

writing as a learning tool in the event; double line boxes indicate that students used both talk and writing as learning tools in the event.
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