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ABSTRACT. The purpose of this study was to examine changes in student writings of claim and evidence after group and
class discussions; changes in students' critical thinking; and students' perceptions on an argument-based claim and evidence
writing approach. Seventy two grade 11 students from two classes of a high school located in Seoul participated in ten chemis-
try activities using the argument-based claim and evidence writing approach. Claim scores for 9 topics and evidence scores for
10 topics significantly improved after group discussion. There were also statistically significant differences in claim scores for
7 topics and evidence scores for 10 topics after class discussion. Participant students responded to an open-ended survey that
group discussion helped them to figure out the problem context and class discussion guided them to provide with more suffi-
cient evidence. There were also statistically significant increases in sub-scores of the Cornell Critical Thinking Test after the
intervention.
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Table 1. Argument-Based Claim and Evidence Writing Approach

Stage Teacher

Student

Engage students in identifying questions, use various types

[dentifying Questions of teaching materials, and stimulate students motivations

Examine materials and identify problems/questions

Data Collection and Provide students with appropriate and valid data and guide
Analysis students to plan investigations and analyze data

Analyze and interpret data that are given to them or
collected from their own investigations

Guide each student to propose claims and evidence based

Claim and Evidence I on interpretation of data

Propose claims and provide evidence individually

Use questioning strategies, provide feedbacks to students,

Group Negotiation and facilitate each group negotiation

Negotiate claims and evidence within a group

Guide students to propose revised claims and evidence

Claim and Evidence 11 e
based on group negotiation

Propose revised claims and evidence based on group
negotiation

Use questioning strategies, provide feedbacks to students,
Class Negotiation facilitate class negotiation, and help students construct
accurate science concepts

Negotiate claims and evidence across groups

Guide students to propose revised claims and evidence

Claim and Evidence III based on class negotiation

Propose revised claims and evidence based on class
negotiation

Reflection Guide students to reflect what and how they learn science

Reflect the whole procedure with respect to science
learning
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Table 2. Analysis Framework for Evaluating Claim and Evidence Writing

Component Level
0 1 2
Number 1 point per each claim
Text Accuracy inaccurate may include inaccurate claim accurate
Sufficiency insufficient may include insufficient claim sufficient
Validity invalid may include invalid claim valid
Claim Number 1 point per each mode
Accuracy inaccurate may include some inaccurate multi modes accurate
Multi modes  Sufficiency insufficient may include some insufficient multi modes  sufficient
Validity invalid may include some invalid multi modes valid
Embeddedness unembedded may include some unembedded modes embedded
Number 1 point per each evidence
Source superstition prior knowledge data interpretation
Text Accuracy inaccurate may include inaccurate evidence accurate
Sufficiency insufficient may include insufficient evidence sufficient
. Validity invalid may include invalid evidence valid
Evidence ;
Number 1 point per each mode
Accuracy inaccurate may include some inaccurate multi modes accurate
Multi modes  Sufficiency insufficient may include some insufficient multi modes  sufficient
Validity invalid may include some invalid multi modes valid
Embeddedness unembedded may include some unembedded modes embedded
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Table 3. Paired Samples t-Test for Claim and Evidence Before and After Group Argumentation

Before Group Discussion After Group Discussion  Mean

Topic Mean SO Mem SD Difference 0 ! P
Precipitation reaction Claim 7.00 0.00 7.00 0.00 0 0 - -
Evidence 6.46 2.46 8.01 1.56 1.55 2.67 492 .000
Chemical equation Claim 5.11 1.98 6.63 1.10 1.52 1.84 7.02 .000’;
Evidence 5.43 3.74 7.71 2.60 2.28 3.70 5.23 .000
Atomic theory Clgim 4.11 3.46 5.58 3.12 1.47 3.32 3.76 .000:
Evidence 2.99 3.71 5.79 453 2.80 2.96 8.02 .000
Bohr's atomic model Claim 5.00 345 7.24 2.52 2.24 3.18 5.96 .000:
Evidence 425 3.75 7.76 3.62 3.51 3.76 7.93 .000
) . Claim 6.31 2.09 7.00 0.00 0.69 2.09 2.82 .006"
Atomic orbitals ) .
Evidence 4.76 3.67 7.54 2.84 2.77 3.14 7.50 .000
Electron configuration Claim 7.69 1.49 8.36 1.66 .67 1.84 3.08 .003:
Evidence 5.58 3.00 7.32 2.26 1.74 2.58 5.71 .000
Periodic table Claim 5.15 2.48 5.99 2.03 .84 2.86 2.48 .015:
Evidence 5.69 4.19 9.17 1.39 3.48 442 6.68 .000
Periodic properties of elements Cla.lim 6.60 1.73 7.83 2.02 1.23 227 458 .000’;
Evidence 4.68 4.07 8.71 2.34 4.03 4.15 8.24 .000
Tonic and covalent bonds Claim 5.52 1.29 6.49 1.31 97 1.51 5.42 .000:
Evidence 4.81 3.83 6.88 2.39 2.08 3.18 5.55 .000
Melting and boiling points Cl;?im 4.86 1.75 6.19 0.69 1.33 1.73 6.56 .000:
Evidence 451 3.20 8.21 2.04 3.70 3.46 9.07 .000
*<.05
Table 4. Paired Samples t-Test for Claim and Evidence Before and After Class Argumentation
Topic Before Class Discussion After Class Discussion .Mean D ‘ .
Mean SD Mean SD Difference
Precipitation reaction Claim 7.00 0.00 7.00 0.00 0 0 - -
Evidence 8.01 1.56 9.23 2.38 1.23 2.50 4.17 .000
Chemical equation Claim 6.63 1.10 7.02 0.88 .38 1.01 324 .002i
Evidence 7.71 2.60 8.86 1.70 1.15 2.72 3.57 .001
Atomic theory Claim 5.58 3.12 6.43 3.54 .85 2.89 2.49 .015:
Evidence 5.79 4.53 8.85 3.93 3.06 4.90 5.30 .000
Bohr's atomic model Claim 7.24 2.52 8.51 3.16 1.28 2.96 3.67 .000:
Evidence 7.76 3.62 10.22 4.02 2.45 429 4.85 .000
Atomnic orbitals Claim 7.00 0.00 7.00 0.00 0 0 - -
Evidence 7.54 2.84 9.13 2.65 1.60 222 6.11 .000
Electron configuration Claim 8.36 1.66 8.89 1.81 53 1.59 2.81 .006:
Evidence 7.32 2.26 9.47 1.48 2.15 2.58 7.06 .000
Periodic table Claim 5.99 2.03 6.36 1.60 37 1.74 1.81 .074*
Evidence 9.17 1.39 10.36 1.70 1.19 1.99 5.06 .000
Periodic properties of elements Clallim 7.83 2.02 8.76 2.60 .94 1.93 4.13 .OOOi
Evidence 8.71 2.34 10.38 2.77 1.68 2.88 4.94 .000
Jonic and covalent bonds Claim 6.49 1.31 6.91 143 43 1.05 3.45 .001:
Evidence 6.88 2.39 7.95 2.13 1.07 223 4.07 .000
Melting and boiling points Cle.lim 6.19 0.69 6.63 091 43 97 3.76 .000:
Evidence 8.21 2.04 9.41 1.60 1.20 2.38 428 .000

*<.05
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Table 5. Paired Samples t-Test for Critical Thinking Before and
After the Intervention

Mean Difference SD t p
Induction 1.47 347 359 0017
Observation, Credibility 2.12 256  7.04 .000™"
Deduction 3.66 3.83 812 .000™
Assumption 1.36 192 601 .000"

**<0.01 , #**<0.001
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