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6105973 :  Wanicha Manrian
Thesis Title : The Enhancement of Grade 11 Students’ Scientific Explanation Ability

in Photosynthesis Using the MACRO Model with Graphic Organizers

Program : Master of Arts in Teaching Science
Thesis Advisor : Wantika Kruanamkam, Ph.D.
Abstract

The purposes of this classroom research were to enhance grade 11 students’ scientific
explanation ability and to investigate their learning achievement in the biology lesson on
photosynthesis using the MACRO model with graphic organizers. The samples were 50 grade 11
students, the number of which was obtained from purposive sampling, at a school in Pathumthani
during the first semester of the academic year 2019. The research instruments were 5 lesson plans
on photosynthesis integrated with the MACRO model with graphic organizers, a scientific
explanation ability test, and a learning achievement test. The data were analyzed using
normalized gain and dependent sample t-test. The research findings revealed that the average
post-test scores were higher than pre-test and their learning achievement was higher than the
average pre-test score with a significance level of .01.

(Total 137 pages)

Keywords: Learning Achievement, Scientific Explanation Ability, Action Research, MACRO

Model, Graphic Organizers
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AANITLTYUIN 1 UDIUNLTYUN 1TDINITHIUATISUAIYLEA YOIUNGIUTUNTONANEILN 5

IUIU 50 AU

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
1 0.00 33.33 33.33 100.00 0.33 Medium Gain
2 0.00 33.33 33.33 100.00 0.33 Medium Gain
3 0.00 33.33 33.33 100.00 0.33 Medium Gain
4 0.00 33.33 33.33 100.00 0.33 Medium Gain
5 0.00 33.33 33.33 100.00 0.33 Medium Gain
6 0.00 33.33 33.33 100.00 0.33 Medium Gain
7 0.00 33.33 33.33 100.00 0.33 Medium Gain
8 0.00 33.33 83188 100.00 0.33 Medium Gain
9 0.00 16.67 16.67 100.00 0.17 Low Gain
10 0.00 16.67 16.67 100.00 0.17 Low Gain
11 0.00 33.33 33.33 100.00 0.33 Medium Gain
12 0.00 33.33 33.33 100.00 0.33 Medium Gain
13 0.00 16.67 16.67 100.00 0.17 Low Gain
14 0.00 33.33 33.33 100.00 0.33 Medium Gain
15 0.00 50.00 50.00 100.00 0.50 Medium Gain
16 0.00 33.33 33.33 100.00 0.33 Medium Gain
17 16.67 50.00 33.33 83.33 0.40 Medium Gain
18 0.00 33.33 33.33 100.00 0.33 Medium Gain
19 0.00 50.00 50.00 100.00 0.50 Medium Gain
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A3 90 3. 1.1 AzuUUANNETa lumMseTuarInemaasneutas iadsou TuuRUS
[ =) Sid' = A A [ J Y = Z/ o = A
ANITETYUIN 1 VDIUNLTIUN LTDINITAIUATICHAIYLEAN VOIUNISOUTUNTOUANYIUN 5

1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
20 0.00 50.00 50.00 100.00 0.50 Medium Gain
21 0.00 33.33 33.33 100.00 0.33 Medium Gain
22 16.67 50.00 33.33 83.33 0.40 Medium Gain
23 0.00 16.67 16.67 100.00 0.17 Low Gain
24 0.00 33.33 33.33 100.00 0.33 Medium Gain
25 16.67 50.00 33.33 83.33 0.40 Medium Gain
26 0.00 33.33 33.33 100.00 0.33 Medium Gain
27 0.00 16.67 16.67 100.00 0.17 Low Gain
28 0.00 33.33 33.33 100.00 0.33 Medium Gain
29 16.67 50.00 33.33 83.33 0.40 Medium Gain
30 0.00 33.33 38 .83 100.00 0.33 Medium Gain
31 0.00 16.67 16.67 100.00 0.17 Low Gain
32 0.00 50.00 50.00 100.00 0.50 Medium Gain
33 0.00 33.33 33.33 100.00 0.33 Medium Gain
34 0.00 16.67 16.67 100.00 0.17 Low Gain
35 0.00 33.33 33.33 100.00 0.33 Medium Gain
36 16.67 50.00 33.33 83.33 0.40 Medium Gain
37 0.00 33.33 33.33 100.00 0.33 Medium Gain
38 0.00 50.00 50.00 100.00 0.50 Medium Gain
39 0.00 16.67 16.67 100.00 0.17 Low Gain
40 0.00 33.33 33.33 100.00 0.33 Medium Gain
41 0.00 16.67 16.67 100.00 0.17 Low Gain
42 0.00 16.67 16.67 100.00 0.17 Low Gain
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A3 90 3. 1.1 AzuUUANNETa lumMseTuarInemaasneutas iadsou TuuRUS
[ =) Sid' = A A [ J Y = Z/ o = A
ANITETYUIN 1 VDIUNLTIUN LTDINITAIUATICHAIYLEAN VOIUNISOUTUNTOUANYIUN 5

1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
43 0.00 16.67 16.67 100.00 0.17 Low Gain
44 0.00 16.67 16.67 100.00 0.17 Low Gain
45 0.00 16.67 16.67 100.00 0.17 Low Gain
46 0.00 16.67 16.67 100.00 0.17 Low Gain
47 0.00 16.67 16.67 100.00 0.17 Low Gain
48 16.67 33.33 16.67 83.33 0.20 Low Gain
49 0.00 33.33 33.33 100.00 0.33 Medium Gain
50 0.00 16.67 16.67 100.00 0.17 Low Gain
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UIU 50 AU

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain

1 0.00 33.33 33.33 100.00 0.33 Medium Gain
2 16.67 33.33 16.67 83.33 0.20 Low Gain

3 16.67 50.00 33.33 83.33 0.40 Medium Gain
4 0.00 33.33 33.33 100.00 0.33 Medium Gain
5 0.00 50.00 50.00 100.00 0.50 Medium Gain
6 0.00 33.33 33.33 100.00 0.33 Medium Gain
7 0.00 50.00 50.00 100.00 0.50 Medium Gain
8 0.00 33.33 83188 100.00 0.33 Medium Gain
9 0.00 33.33 33.33 100.00 0.33 Medium Gain
10 0.00 33.33 33.33 100.00 0.33 Medium Gain
11 0.00 50.00 50.00 100.00 0.50 Medium Gain
12 0.00 50.00 50.00 100.00 0.50 Medium Gain
13 0.00 33.33 33.33 100.00 0.33 Medium Gain
14 0.00 33.33 33.33 100.00 0.33 Medium Gain
15 16.67 50.00 33.33 83.33 0.40 Medium Gain
16 0.00 50.00 50.00 100.00 0.50 Medium Gain
17 16.67 50.00 33.33 83.33 0.40 Medium Gain
18 0.00 66.67 66.67 100.00 0.67 Medium Gain
19 0.00 66.67 66.67 100.00 0.67 Medium Gain
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A3 90 3. 2.1 AzuUUANNETa lumMseTuarInemaasneutas iadsou TuuRUS
[ =) Sid' = A A [ J Y = Z/ o = A
ANTTETYUIN 2 VOIUNLTIUN LTOINITAIUATICHAIYLEA VOIUNISOUTUNTOUANYIUN 5

1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
20 16.67 66.67 50.00 83.33 0.60 Medium Gain
21 0.00 33.33 33.33 100.00 0.33 Medium Gain
22 16.67 50.00 33.33 83.33 0.40 Medium Gain
23 0.00 33.33 33.33 100.00 0.33 Medium Gain
24 16.67 50.00 33.33 83.33 0.40 Medium Gain
25 16.67 83.33 66.67 83.33 0.80 High gain
26 0.00 50.00 50.00 100.00 0.50 Medium Gain
27 0.00 16.67 16.67 100.00 0.17 Low Gain
28 0.00 50.00 50.00 100.00 0.50 Medium Gain
29 0.00 66.67 66.67 100.00 0.67 Medium Gain
30 0.00 50.00 50.00 100.00 0.50 Medium Gain
31 0.00 16.67 16.67 100.00 0.17 Low Gain
32 0.00 66.67 66.67 100.00 0.67 Medium Gain
33 0.00 50.00 50.00 100.00 0.50 Medium Gain
34 0.00 33.33 33.33 100.00 0.33 Medium Gain
35 0.00 50.00 50.00 100.00 0.50 Medium Gain
36 16.67 50.00 33.33 83.33 0.40 Medium Gain
37 0.00 33.33 33.33 100.00 0.33 Medium Gain
38 0.00 50.00 50.00 100.00 0.50 Medium Gain
39 0.00 33.33 33.33 100.00 0.33 Medium Gain
40 0.00 50.00 50.00 100.00 0.50 Medium Gain
41 0.00 33.33 33.33 100.00 0.33 Medium Gain
42 0.00 16.67 16.67 100.00 0.17 Low Gain
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1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
43 0.00 16.67 16.67 100.00 0.17 Low Gain
44 0.00 33.33 33.33 100.00 0.33 Medium Gain
45 0.00 33.33 33.33 100.00 0.33 Medium Gain
46 0.00 33.33 33.33 100.00 0.33 Medium Gain
47 0.00 16.67 16.67 100.00 0.17 Low Gain
48 16.67 50.00 33535 83.33 0.40 Medium Gain
49 0.00 50.00 50.00 100.00 0.50 Medium Gain
50 0.00 33.33 33.33 100.00 0.33 Medium Gain
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VANITLTYUIN 3 UDIUNLTYUN LTOINTTHIUATISUAIYLEA YOIUNGIUTUNTONANEILN 5

UIU 50 AU

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
1 0.00 33.33 33.33 100.00 0.33 Medium Gain
2 0.00 50.00 50.00 100.00 0.50 Medium Gain
3 16.67 50.00 33.33 83.33 0.40 Medium Gain
4 0.00 50.00 50.00 100.00 0.50 Medium Gain
5 0.00 33.33 33.33 100.00 0.33 Medium Gain
6 0.00 50.00 50.00 100.00 0.50 Medium Gain
7 0.00 33.33 33.33 100.00 0.33 Medium Gain
8 0.00 50.00 50.00 100.00 0.50 Medium Gain
9 0.00 33.33 33.33 100.00 0.33 Medium Gain
10 0.00 33.33 33.33 100.00 0.33 Medium Gain
11 16.67 50.00 33.33 83.33 0.40 Medium Gain
12 0.00 33.33 33.33 100.00 0.33 Medium Gain
13 0.00 33.33 33.33 100.00 0.33 Medium Gain
14 16.67 50.00 33.33 83.33 0.40 Medium Gain
15 0.00 50.00 50.00 100.00 0.50 Medium Gain
16 0.00 33.33 33.33 100.00 0.33 Medium Gain
17 16.67 66.67 50.00 83.33 0.60 Medium Gain
18 0.00 33.33 33.33 100.00 0.33 Medium Gain
19 0.00 66.67 66.67 100.00 0.67 Medium Gain
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Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
20 16.67 66.67 50.00 83.33 0.60 Medium Gain
21 0.00 33.33 33.33 100.00 0.33 Medium Gain
22 0.00 50.00 50.00 100.00 0.50 Medium Gain
23 0.00 33.33 33.33 100.00 0.33 Medium Gain
24 0.00 33.33 33.33 100.00 0.33 Medium Gain
25 16.67 83.33 66.67 83.33 0.80 High gain
26 0.00 33.33 33.33 100.00 0.33 Medium Gain
27 16.67 33.33 16.67 83.33 0.20 Low Gain
28 0.00 33.33 33.33 100.00 0.33 Medium Gain
29 0.00 83.33 83.33 100.00 0.83 High gain
30 0.00 50.00 50.00 100.00 0.50 Medium Gain
31 0.00 33.33 8388 100.00 0.33 Medium Gain
32 16.67 83.33 66.67 83.33 0.80 High gain
33 0.00 50.00 50.00 100.00 0.50 Medium Gain
34 0.00 33.33 33.33 100.00 0.33 Medium Gain
35 0.00 50.00 50.00 100.00 0.50 Medium Gain
36 0.00 66.67 66.67 100.00 0.67 Medium Gain
37 0.00 33.33 33.33 100.00 0.33 Medium Gain
38 16.67 66.67 50.00 83.33 0.60 Medium Gain
39 0.00 33.33 33.33 100.00 0.33 Medium Gain
40 16.67 66.67 50.00 83.33 0.60 Medium Gain
41 0.00 50.00 50.00 100.00 0.50 Medium Gain
42 0.00 50.00 50.00 100.00 0.50 Medium Gain
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1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
43 0.00 33.33 33.33 100.00 0.33 Medium Gain
44 0.00 33.33 33.33 100.00 0.33 Medium Gain
45 0.00 50.00 50.00 100.00 0.50 Medium Gain
46 0.00 50.00 50.00 100.00 0.50 Medium Gain
47 0.00 33.33 33.33 100.00 0.33 Medium Gain
48 16.67 33.33 16.67 83.33 0.20 Low Gain
49 0.00 33.33 33.33 100.00 0.33 Medium Gain
50 0.00 33.33 33.33 100.00 0.33 Medium Gain
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VANITLTYUIN 4 VDIUNLTYUN 1TDINTTHIUATISUAIYLEA YOIUNGIUTUNTONANEILN 5

UIU 50 AU

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
1 0.00 50.00 50.00 100.00 0.50 Medium Gain
2 16.67 66.67 50.00 83.33 0.60 Medium Gain
3 16.67 66.67 50.00 83.33 0.60 Medium Gain
4 0.00 66.67 66.67 100.00 0.67 Medium Gain
5 0.00 50.00 50.00 100.00 0.50 Medium Gain
6 16.67 66.67 50.00 83.33 0.60 Medium Gain
7 0.00 50.00 50.00 100.00 0.50 Medium Gain
8 16.67 66.67 50.00 83.33 0.60 Medium Gain
9 0.00 50.00 50.00 100.00 0.50 Medium Gain
10 33.33 83.33 50.00 66.67 0.75 High gain
11 16.67 50.00 33.33 83.33 0.40 Medium Gain
12 16.67 50.00 33.33 83.33 0.40 Medium Gain
13 0.00 50.00 50.00 100.00 0.50 Medium Gain
14 16.67 50.00 33.33 83.33 0.40 Medium Gain
15 0.00 50.00 50.00 100.00 0.50 Medium Gain
16 0.00 66.67 66.67 100.00 0.67 Medium Gain
17 33.33 83.33 50.00 66.67 0.75 High gain
18 16.67 66.67 50.00 83.33 0.60 Medium Gain
19 0.00 83.33 83.33 100.00 0.83 High gain
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1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
20 33.33 83.33 50.00 66.67 0.75 High gain
21 0.00 66.67 66.67 100.00 0.67 Medium Gain
22 16.67 83.33 66.67 83.33 0.80 High gain
23 0.00 50.00 50.00 100.00 0.50 Medium Gain
24 16.67 50.00 33.33 83.33 0.40 Medium Gain
25 16.67 100.00 83.33 83.33 1.00 High gain
26 0.00 50.00 50.00 100.00 0.50 Medium Gain
27 16.67 50.00 33.33 83.33 0.40 Medium Gain
28 16.67 66.67 50.00 83.33 0.60 Medium Gain
29 33.33 100.00 66.67 66.67 1.00 High gain
30 0.00 66.67 66.67 100.00 0.67 Medium Gain
31 0.00 50.00 50.00 100.00 0.50 Medium Gain
32 16.67 83.33 66.67 83.33 0.80 High gain
33 33.33 83.33 50.00 66.67 0.75 High gain
34 0.00 66.67 66.67 100.00 0.67 Medium Gain
35 16.67 66.67 50.00 83.33 0.60 Medium Gain
36 33.33 83.33 50.00 66.67 0.75 High gain
37 16.67 50.00 33.33 83.33 0.40 Medium Gain
38 16.67 83.33 66.67 83.33 0.80 High gain
39 16.67 50.00 33.33 83.33 0.40 Medium Gain
40 33.33 83.33 50.00 66.67 0.75 High gain
41 0.00 66.67 66.67 100.00 0.67 Medium Gain
42 16.67 66.67 50.00 83.33 0.60 Medium Gain
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1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
43 0.00 50.00 50.00 100.00 0.50 Medium Gain
44 16.67 50.00 33.33 83.33 0.40 Medium Gain
45 0.00 66.67 66.67 100.00 0.67 Medium Gain
46 16.67 66.67 50.00 83.33 0.60 Medium Gain
47 0.00 50.00 50.00 100.00 0.50 Medium Gain
48 16.67 83.33 66.67 83.33 0.80 High gain
49 16.67 83.33 66.67 83.33 0.80 High gain
50 0.00 50.00 50.00 100.00 0.50 Medium Gain
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[ = YA v A A A @ J Y v A 2’, @ =2 A
AANITLTYUIN S UDIUNLTYUN 1TDINITHIUATISUAIYLEA YOIUNGIUTUNTONANEILN 5

UIU 50 AU

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
1 16.67 66.67 50.00 83.33 0.60 Medium Gain
2 33.33 83.33 50.00 66.67 0.75 High gain
3 33.33 83.33 50.00 66.67 0.75 High gain
4 16.67 83.33 66.67 83.33 0.80 High gain
5 33.33 66.67 33.33 66.67 0.50 Medium Gain
6 16.67 66.67 50.00 83.33 0.60 Medium Gain
7 33.33 66.67 35 83 66.67 0.50 Medium Gain
8 16.67 66.67 50.00 83.33 0.60 Medium Gain
9 16.67 66.67 50.00 83.33 0.60 Medium Gain
10 33.33 83.33 50.00 66.67 0.75 High gain
11 16.67 83.33 66.67 83.33 0.80 High gain
12 33.33 66.67 33.33 66.67 0.50 Medium Gain
13 16.67 66.67 50.00 83.33 0.60 Medium Gain
14 16.67 66.67 50.00 83.33 0.60 Medium Gain
15 16.67 83.33 66.67 83.33 0.80 High gain
16 33.33 66.67 33.33 66.67 0.50 Medium Gain
17 16.67 83.33 66.67 83.33 0.80 High gain
18 33.33 66.67 33.33 66.67 0.50 Medium Gain
19 33.33 83.33 50.00 66.67 0.75 High gain




135

H a a a g v
A3 90 3.5.1 AzuUUANNETa lumMseTuarInemaasneutas iadsou TuuRUS
[ =) Sid' = A A [ J Y = Z/ o = A
IANITLTYUIN S UDIUNLTYUN LTDINTTHIUATISUAIYLLEA VOIUNISOUTUNTOUANYIUN 5

1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
20 16.67 100.00 83.33 83.33 1.00 High gain
21 33.33 83.33 50.00 66.67 0.75 High gain
22 16.67 66.67 50.00 83.33 0.60 Medium Gain
23 16.67 66.67 50.00 83.33 0.60 Medium Gain
24 33.33 83.33 50.00 66.67 0.75 High gain
25 50.00 100.00 50.00 50.00 1.00 High gain
26 0.00 50.00 50.00 100.00 0.50 Medium Gain
27 33.33 66.67 33.33 66.67 0.50 Medium Gain
28 16.67 66.67 50.00 83.33 0.60 Medium Gain
29 50.00 100.00 50.00 50.00 1.00 High gain
30 16.67 66.67 50.00 83.33 0.60 Medium Gain
31 16.67 83.33 66.67 83.33 0.80 High gain
32 33.33 83.33 50.00 66.67 0.75 High gain
33 33.33 83.33 50.00 66.67 0.75 High gain
34 0.00 66.67 66.67 100.00 0.67 Medium Gain
35 16.67 83.33 66.67 83.33 0.80 High gain
36 33.33 83.33 50.00 66.67 0.75 High gain
37 16.67 66.67 50.00 83.33 0.60 Medium Gain
38 16.67 83.33 66.67 83.33 0.80 High gain
39 33.33 66.67 33.33 66.67 0.50 Medium Gain
40 33.33 83.33 50.00 66.67 0.75 High gain
41 16.67 66.67 50.00 83.33 0.60 Medium Gain
42 33.33 66.67 33.33 66.67 0.50 Medium Gain
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1UIU 50 AU (AD)

Maximum
4 % % Actual Normalize
AUN Possible Level
Pre-test Post-test Gain Gain
Gain
43 16.67 50.00 33.33 83.33 0.40 Medium Gain
44 0.00 66.67 66.67 100.00 0.67 Medium Gain
45 0.00 66.67 66.67 100.00 0.67 Medium Gain
46 0.00 66.67 66.67 100.00 0.67 Medium Gain
47 16.67 50.00 33.33 83.33 0.40 Medium Gain
48 16.67 83.33 66.67 83.33 0.80 High gain
49 33.33 83.33 50.00 66.67 0.75 High gain
50 0.00 50.00 50.00 100.00 0.50 Medium Gain
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