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Received in revised form analyzing the relationship between contents on science learning and cognitive domain of students in
13 June 2015 elementary schools through TIMSS 2011-based academic achievement test. Forty one multiple choice
Accepted 18 June 2015 items from by TIMSS 2011 were used on 317 primary school students, fourth to sixth grade, and according
to grade and achievement level of research targets, test results were analyzed. With these data, the
relationship between contents on science learning and the score by cognitive domains, and through
correlation by items, we drew static and negative correlations, and then compared the value.

I]szﬁz/[vgosrdzsml, The result are as follows: First, other fields except for 'physical science' and 'inference' revealed meaningful

science content domain, differences by learners' grade, and the interrelationship between all contents domains and cognitive fields

science cognitive domain also appeared statically different. Second, both achievement level of contents and cognition of learners
presented significant differences, but the correlation between scientific contents and cognitive field of
learners showed different aspects. Third, in static and negative correlation by items, the complexity and
their aspects could be classified by targets' academic achievement levels.
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Table 1. Research target

Grade 4th Sth 6th Total
Number(%) 107(33.8) 109(34.4) 101(31.9) 317(100.0)
% 33.8 344 31.9 100.0

Table 2. Distribution of research target by achievement levels

Achievement High Middle Low Total
Grade 4 5 6 4 5 6 4 5 6 317
20 35 30 50 53 44 37 21 27
Number
85 147 85 100.0
% 27 46 27 )
mpefsto] wpstulgol AAES AlEd 4 e Ao AlrEh
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Table 3. Assessment frameworks of TIMSS 2011 science assessment

Table 5. Proportion of items by Inspecting tools' contents domain

Domain Sub-domain
Life Attributes of organisms and vital activity, life
. history, reproduction and heredity, interaction with
Science .
environment, ecosystem, health
Physical Classification and attributes of substances, the
Contents .
Science source and effects of energy, force and movement
Earth Structure of the Earth and its physical features,
. source of the Earth, change of the Earth, circulation
Science

and history, the Earth in the solar system

Retrieving/recognizing, defining, describing,
Knowing explaining with examples, explaining how to use
scientific tools

Comparing/contrasting/classifying, using models,
Cognition Applying connecting, interpreting information, solving,
explaining

Analyzing problems, combining/synthesizing,
Reasoning setting hypothesis/expecting, designing, concluding,

Contents Sub-domain le;(l)l)oer il?errlriy?‘;? )
Attributes of organisms and vital activity,
Life  life history, reproduction and heredity, 16 9
Science interaction with environment, ecosystem, (39.0) (34.6)
health
. Classification and attributes of substances,
Physical the source and effects of energy, force 18 1
Science ’ (43.9) (42.3)

and movement
Structure of the Earth and its physical

Earth  features, source of the Earth, change of 7 6
Science the Earth, circulation and history, the (17.1) (23.1)
Earth in the solar system

41 26

Total (100)  (100)

Table 6. Constructing 'Life Science' contents items of inspecting

> e T tools
generalizing, evaluating, justifying - : - —
Domain Life Science contents Cognition
) . ) ) ) Type A B C D E Knowing Applying Reasoning
Table 4. Contents and field construction by items of inspecting Number 2 1 4 1 1 2 6 1
fools Total 9 9
Item Domain A: Characteristics and life processes of living things, B: Life cycles, repro-
Item v . . . . .
No. Contents Cognition duction, and heredity, C: Interaction with the environment, D: Ecosystems,
3 Animal groups of reptile Life Applying E: Human health
5 Location of ice fragment in water Physical Applying
6 Heat which ‘changes st{itus of water Physical Apply.ing T3} 2 2=aly 450 gjare] T8h Aks Bale 22ate] R
7 The best soil for growing plants Earth  Knowing o ol 2 g 51 moto] Aool 3 o
8 One function of fruits Life Applying otk TIMSS 20112] 25 45hd 2¥s} 7He) 73-9-ofli= A 169+
9 Temperature of ice, vapor, and water Physical Knowing 3} Zof|A] 72719] E&o] FAfEIRleH, o] dFe 11 = Xrkgo
11 Qualities of two substances : Physical Reasoning sl 41719 B3RS Ea| shsAte] EA] whE ool Mo}
12 What you can get by energy of water falling Earth Knowi = s . oL —m msl =
down waterfalls ar nowing Wtz JAE A 417 23] A o= i £ 5
3 Animals with similar appearance before and Life Knowing Aohs BakS 2E510] AqtdiAte] Eahd Sotof tigk o 4~

after growth

14 Explaining condensation Physical Knowing
17 The thing keeps sea elephants warm Life Applying
19 The reason hedgehog rolls like a ball Life Applying
20 Soil change by natural reasons Earth Knowing
21  Why animals in deserts active at night Life Applying
23 Luminous substances Physical Knowing
25 How long do plants live? Earth Knowing
26 Boiled eggs in cold water Physical  Applying
27 Snow in other outer environment Life Reasoning
29 Location of lines which appear shadow Physical Applying
32 What decides where to flow rivers Earth Knowing

Correct relationship between predator-prey

(food chain) Life Knowing

37 Children on seesaws Physical Reasoning

38 Scale and four rectangles Physical Reasoning

39 Why night and day turns? Earth  Applying
40 The best food which includes calcium Life Knowing
41 Force that makes objects drop Physical Knowing
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Table 7. Constructing 'Physical Science' contents items of inspecting
tools

Table 10. Grade average scores on this Study's analyzed items

Grade 4th 5th 6th Total

Domain Physical Science contents Cognition Average 73.89 81.28 78.81 77.93

Type A B C Knowing Applying Reasoning Standard

o 23.264 21.02 22.4 22.

Number 5 3 3 4 4 3 Deviation 326 020 07 398

Total 11 11 F 3.263
A: Classification and properties of matter, B: Sources and effects of energy, Meaningful 0.040
C: Force and motion Value '

Scheffé’s test 4th < 5th
Table 8. Constructing 'Earth Science' contents items of inspecting
tools Table 11. Grade average scores by contents domain
Domain  Earth Science contents Cognition Category 4th 5th 6th Total F
Type A B C  Knowing Applying Reasoning Lif Average 2589  29.68  29.06  28.20
Number 2 2 2 5 1 0 1e Standard 5055%

Total 6 6 Science Deviation 10.043 8.800 8.594 9.299
A: Earth’s structure, physical characteristics, and resources, B: Earth’s ) Average 36.17 34.22 34.36 34.92
processes, cycles, and history C: Earth in the solar system Ph-‘(swal Standard 1.041

Science . 11.360  10.345  11.306  11.005
Deviation
Table 9. Proportion of items by inspecting tools' cognitive domain Earth Average 11.64 17.39 1540 1481
) Standard 15.835%*
Science o 7.163 7.025 8.622 7.963
" . Number Analyzed Deviation
Cognition Sub-domain , cviatio
(%) items (%) B o
— — — 'p<0.05, **p<0.01
Retrieving/recognizing, defining, 19 1
Knowing describing, explaining with examples, (46.3) (42.3)
explaining how to use scientific tools ) )
Comparing/contrasting/classifying, using 16 . ULt o] At EATAE 267 2o 1A Hl&-2 Table
Applying models, connecting, interpreting (39.0) (42.3) 9o]] Yeh}l 9o, TIMSS 20119] v]&| &7|9} &-835}7]9] v|&2
information, solving, explaining ) ) s e
Analyzing prob]ems’ lﬁ_—o}_xll ‘?%0}7]9‘] H]%o] 17’,(]'0}-53\;(]?_1' % X]'O]'E‘ EO]X] %‘l‘—}\_:‘]:]'
combining/synthesizing, setting 6 4
Reasoning hypothesis/expecting, designing,
. . __ll.7'=|'l =1 o
concluding, generalizing, evaluating, (14.6) (15.4) . A7ZD " =9
justifying
41 26 _

Total (100) (100 1. Sftdof| mFE FPE He T AJTEA Bl
7P =8 BIEE AAISRL Tk 1Ean AP 7]l wEbA 7h AT hdel e g9 B+ A
© 971 229, AESP] 62, FEV] 12deR EEEI:

E/ere] 9= TIMSS 2011014 F 61&30] AAI= ATt & Table 102 TIMSS 201104 S7i% Arks &3 267119] 4] i
AV 2853 F 18700] Alcky B3 FolA AEo] 0-80%01 B Rado] the 2E0ka 4-651d SPY] ShdE AT A4 B
§ 2591 Bt JNIRG TN ARE e T U B4 el ol 7Ry BT Bk 29T A8 3o
=3 w 2Eo &R B4, ofuxY Z¥u % d3 2 Aklste] AA) 1303 TS 7oz 779370l ol Al %
&2 379 99 frPeE 2 4 Jtk lﬁb- =4 of ok Al AEEC] 59.95%0l st ﬁi TIMSS 2011
o} BohS QAGel] jEo Basiel Byl o] 483, 48] o ofawlE 250k 45k stle] AIcky Bate] AEEe] 72.90%
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ORTQ

TIMSS 20119] £3} % #|73}5} g gojo] &
el 617]e] Eo] 5 Skt A2 4
2 HE Ik ATl 34719 23 Sl 3
O 11 5 4R AEgE ] *ﬁ%ﬁé 22 870

o) it % FEo Holaps 20| SAIIAE AR M
AT W el 34 S A4 olAls] AR ci

sa3ste] Y18ola) o F17tk slAIRk TIMSS 20119] 728 2
gajo] A7) Fo} Bl Exolaks Zulox o] £ A7}
o} g olol) FhAA BAstelth AEEC] 30-80%2l 6740] X7

35t 9Jo] FFHE Table 84 ol 7] 570, A7) 172 F4E

w 22sh7)9h BAE AR ATUS e g itk
255 4309 “41 Fol TIMSS 2011 8FG] 5%, 14|l
ML 7], A, FESIVE 2 0%, 40%, 20% FAE]

W 4807} 53R SPYY] W4Tt BAROR Fofnlet Hjo]
= EO]J— ME]’-
Table 119] Aol 37 A7ehare] shde] w2 g5 B
Aol Al At ALkt g 5] %
ol Ui A, 481d9] B4t A .i% 4Rt shdo
w2 EAAQ) ol LheREA] Gt B4 5
Hetel el gas S Aok =2 v‘i‘—% 37119} ol it
U801 2009 7\ o] whef 4hd et 1w
S, YL SR W8 7Y A2l oy 4erde 3
BFEo] T shde] ujs) & AoR Fejd 4+ glek 12w Ay
S1o) olie B4 B8 AAALS ATl 2%
Sk Al &3 AR sjAE, AFHste] Zfolle 22l
ahesat sshaal ge] 45hdat 63hA0] A9 mRTA el A7)



The Analysis of Relationship between Science Contents and Cognitive Domain of Students in Elementary Schools Through Multiple Choice items of TIMSS 2011

Table 12. Grade average scores by cognitive domain

Table 15. Grade average scores by learner's achievement

Category 4th 5th 6th Total F Achievement High Middle Low Total
Average 35.09 39.50 38.86 37.81 Average 104.59 79.18 49.12 77.93
K i 3.795% t Deviati 424 . 11.1 22.
nowing Star?da-rd 13211 11425 13227 12741 Standard Deviation 9 8.067 05 398
Deviation F 753.929
Average 26.03 29.45 27.97 27.82 Meaningful Value 0.000
1 *
Applying S?Vfngi 0658 9112 8949 938 1
Average 1257 1234 1193 1230 Table 16. GraFje average scores of contents domain by learner's
. achievement
Reasoning  Standard 5380 5182 5616 5445 0.307
Deviation : : : : Category High Middle Low Total F
%p<0.05, **p<0.01 Life g\tvefjagz 49.35 39.18 23.88 37.81 100.014%%
Science S nCC 9601 7020 9709 12741
Deviation
Table 13. Correlation by contents domains based on grades Physical Average 36.00 27.89 19.53  27.82
Category Life-Physical Physical-Earth Earth-Life Science Stagdqrd 6.673 6.823 8.041 9.328 113.375%*
4th 0.557%* 0.440%* 0.426%* Deviation
3th 0.455%* 0.504%* 0.421%% Barth Average 15.59 12.86 8.06 12.30 <6.0a3es
6th 0.495%* 0.398** 0.353%* Science Star?d:‘.rd 4392 4861 4635 5445 O
Total 0.481%* 0.396** 0.424%* cvialion

£p<0.05, **p<0.01

Table 14. Correlation by cognitive domains based on grades

Category Knowing-Applying Applying-Reasoning Knowing-Reasoning

p<0.05, **p<0.01

Table 17. Grade average scores of cognitive domain by learner's
achievement

4th 0.546%** 0.371%* 0.468%*
5th 0.455%* 0.423%* 0.513%**
6th 0.500%* 0.429** 0.364**
Total 0.513%** 0.398%* 0.434**
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1 *k
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1 k%
Reasoning Star?da‘rd 8291 5808 5.436 7963 3405.730
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£p<0.05, **p<0.01
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Jeon & Park

Table 18. Correlation of contents domain by learner's achievement

Category Life-Physical Physical-Earth Earth-Life
High 0.350** 0.133 0.169
Middle -0.179* -0.177* -0.012
Low 0.200 0.041 0.152
Total 0.481** 0.424%* 0.396**

£p<0.05, **p<0.01
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Figure 2. Correlation frequency among contents items based
on learners' achievement levels

Table 19. Correlation of cognitive domain by learner's achievement

Category Knowing-Applying Applying-Reasoning Reasoning-Knowing

high 0.337** 0.294%* 0.275*
Middle -0.177* 0.018 0.013
Low 0.127 0.095 0.031
Total 0.513** 0.398** 0.434**
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Figure 5. Static correlation by items of (a) ‘high’,

(b)
(b

) ‘middle’, (c) ‘low’ in achievement levels (p<.05)
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