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The purpose of this study was to analyze the knowledge and ability levels of middle school students
in four areas: conceptual understanding, argument construction, justification schemes, and use of scientific
knowledge in a causal explanation for a genetic phenomenon. A group of 162 middle school students
who have taken a class titled Genetics and Evolution participated in the study. Each student answered—and
justified the answer to—one question pertaining to genetics. Ability levels were rated from level 0 to
level 4, with 4 being the top rating. Students were required to choose one of two competing arguments
to explain whether green seed pimps and red seed pimps of the same size and shape were the same
species or not. Analyzing conceptual understanding: 47% of the respondents provided the correct answer.
Analyzing their abilities for constructing an argument: 75% of the students with the correct answer and
42% of the students with the incorrect answer were evaluated to be at ability level 3 or 4 for argument
construction. Analyzing the students’ justification schemes: “Scientific idea” and “Analogy” were the

most frequently used schemes. Analyzing their use of scientific knowledge: of the students who selected
the scientific idea justification scheme, 36% used the correct scientific knowledge, but the remainder
used inaccurate or nonspecific scientific knowledge. These findings provide implication for encouraging
argumentative writing explaining scientific phenomena regarding epistemic practice.
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Figure 1. Question for causal explanation of genetics
(modified version of Green/Red pepper experiment
question(S042297) in TIMSS 2011 8th science
department

3. 22 24 ¥ EH

& Ae] HoARE2: okl st 39f wpAjet ThelQl it &
P2 alsel, 2 mma %oua fo}. 162752] 84 J&% | At

A B AASo] S35

AR SOl M= URSHA] Sh=
ol sl dolste] UA|sH=E 2% ?3‘}9&% SIS0 ATt =2
H et g AH F 2w S AYs)E 22 sl A
AReE Fpel z)2lo] 2B SAUE —E.— ShojEe e

WA, e A S A 23] F e AEEiAEAY
of L5 gRRlskil 11 o] f-E FE A WEoE HgHor BRail



Ok =4 S22719] =W 452 Toulmin(1958)2] =W 4 845

7|&0 2 = 22 FH3 Osborne et al. (2016)4 %_‘— &F o=

B el Qo 49 b 42 Baze Ty
o

= AR

i

e 7 47 7Y

Table 1. Argument level of students’ writing

Level Construction Description
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Table 3. Type of scientific knowledge for justifying

0  Blank No response

1 Constructing Claim Students write relevant claim without evidence.

2 Providing Evidence Students support their claim with evidence.

Constructing warrant Students link their claim to evidence.

Providing a
counter-critique

Students analyze limitation of the other’s
argument.
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Table 2. Justification level of students’ writing

Justificati  Justification

Level Description
on source  scheme
Restate Restate the item test
0 - Personal Provide off-task evidence such as
belief religious belief and personal belief
Personal Suggest their own experience that
1 Personal experience students have seen personally or justify
Analogy the claim using analogy
Appeal to  Explain based on scientific idea or figure
2 Data .
data of test item
3 Scientific ~ Scientific ~ Apply relevant scientific knowledge that
knowledge idea students have learned
Extended . Refer the necessity of additional
- Evidence to . L . o
4 scientific hvpothesis investigation or recognize the limitation
knowledge P of argument

Scientific knowledge Description

Apply incorrect scientific knowledge

Incorrect scientific knowledge
for argument

Justify the claim with non-relevant or

Nonspecific scientific knowledge non-specific scientific knowledge

Use correct scientific knowledge

Correct scientific knowledge relevant with the topic for the argument
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Table 4. Students’ answers to test item

No. of response (%)

Code Type of response
A school K school Total
21 I will plant seeds of green and red pepper and observe what kind of bell pepper open. 0(0) 12(16) 12(7)
Correct 22 I will plant green seeds of bell pepper and observe whether the fruit turns red. 7(8) 3(4) 10(6)
answer 23 This is because the color of green and red bell pepper are different. 12(14) 11(15) 23(14)
24 This is because the genes of green bell pepper and red bell pepper are different. 20(23) 12(16) 32(20)
77 This is because a ripe green bell pepper does nor become a red bell pepper. 7(8) 2(3) 9(6)
IZﬁggZ:t 78 This is because a ripe green bell pepper becomes a red bell pepper. 12(14) 17(23) 29(18)
79 etc 29(33) 15(20) 44(27)
No answer 99 Blank 0(0) 3(4) 3(2)
Total 87(100) 75(100) 162(100)
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Table 5. Students’ argument level of students’ writing

No. of Response (%)

Level Clonsimsian Correct Incorrect
answer answer Total
students students
0  Blank 0(0) 5(6) 5(3)
1 Constructing Claim 9(12) 9(11) 18(11)
2 Providing Evidence 10(13) 29(35) 39(24)
3 Constructing warrant 48(62) 27(33) 75(46)
4 Providing a counter-critique 10(13) 15(18) 25(15)
Total 77(100) 82(100)  162(100)
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Table 6. Students’ justification level of students’ writing

No. of Response (%)

Level Justification source Justification scheme
Correct answer students Incorrect answer students Total

Blank 0(0) 5(6) 5(3)

0 Authority Restate 12(16) 9(11) 21(13) 30(18)
Personal belief 1(1) 3(4) 4(2)
Personal experience 2(3 809 10(6

1 Personal P ) ©) © 50(31)
Analogy 10(13) 30(35) 40(25)

2 Data Appeal to data 8(10) 0(0) 8(5) 8(5)

Scientific knowledge Scientific idea 35(45) 17(20) 52(32) 52(32)
o Evidence to hypothesis 4(5) 4(5) 8(5)

4 Extended Scientific knowledge — — 22(14)
Critique of opinion 5(6) 9(11) 14(9)

Total 77(100) 85(100) 162(100)
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