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In the 2009 revised science curriculum, comprehensive verbs such as ‘know (38%)’ and ‘understand
(46%)’ are used in more than 80% of the achievement standard. Many readers, such as teachers, textbook
makers, etc. have difficulties in interpreting the meaning of achievement standard sentences with these
comprehensive verbs. On the other hand, ‘Trends in International Mathematics and Science Study
(TIMSS)’ uses more various and specific verbs to express the cognitive domain.

In this study, we analyzed the 2009 revised science curriculum achievement standard focusing on the
TIMSS cognitive domain assessment framework. We divided achievement standard to 228 sentences and
three teachers analyzed the meaning of verbs in achievement standard.

There were two main results of this study. First, the verb ‘Know’ was analyzed into different kinds
of meanings, such as ‘Describe (27%)’, ‘Recall/Recognize (25%)’ and ‘Relate (17%)’, etc; and the verb
‘Understand’ was analyzed into ‘Explain (37%)’, ‘Relate (27%)’ and ‘Describe (21%)’, etc. Second, there
appeared to have a disagreement among the three analysts during the process of interpreting the

achievement standards when the level and scope of the contents of each grade is not clear.
This study concludes that there’s a need for continuous discussion on the use of verbs in achievement
standard to promote clearer expressions for better understanding.
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Table 1. Number of sentences in the achievement standards

Complex sentence Simple Sentence

Middle school science 117 161
High school science 43 67
Sum 160 228
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Table 3. The framework of analysis (Modified TIMSS 2015 Science Framework for Cognitive Domain)

domain subsection
Identify or state facts, relationships, and concepts; identify the characteristics or properties of specific organisms,
Recall/ Recognize materials, and processes; identify the appropriate uses for scientific equipment and procedures; and recognize
and use scientific vocabulary, symbols, abbreviations, units, and scales.
Knowing Describe Describe or identify descriptions of properties, structures, and functions of organisms and materials, and
relationships among organisms, materials, and processes and phenomena.
Provide Examples Provide or identify examples of organisms, materials, and processes that possess certain specified characteristics;
P and clarify statements of facts or concepts with appropriate examples.
Identify or describe similarities and differences between groups of organisms, materials, or processes; and
Compare/ Contrast/ Classify distinguish, classify, or sort individual objects, materials, organisms, and process based on given characteristic
and properties.
Relate Relate knowledge of an underlying science concept to an observed or inferred property, behavior, or use of
: objects, organisms, or materials.
Applying Jects, org
Use Models Use a diagram or other model to demonstrate knowledge of science concepts, to illustrate a process cycle
relationship, or system, or to find solutions to science problems.
Interpret Information Use knowledge of science concepts to interpret relevant textual, tabular, pictorial, and graphical information.
Explain Provide or identify an explanation for an observation or a natural phenomenon using a science concept or principle.
Synthesize Answer questions that require consideration of a number of different factors or related concepts.
. Make valid inferences on the basis of observations, evidence, and/or understanding of science concepts; and draw
. Draw Conclusions . . . .
Reasoning appropriate conclusions that address questions or hypotheses, and demonstrate understanding of cause and effect.

Justify

Use evidence and science understanding to support the reasonableness of explanations, solutions to problems,
and conclusions from investigations.
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Table 4. Interpretation of the TIMSS assessment framework for cognitive

standards of 2009 revised national curriculum
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Table 5. Result of agreement statistics of TIMSS cognitive domain

oo FA} A9} WAL B A} B 1A} C A} CQF WA} A I} A, B, C
A= EA 934 886 908 864
Cohen’s Kappa .868 763 815
Table 6. Result of agreement statistics of TIMSS cognitive domain subsection
AlE e WAL A9} WAL B WAL BO} WAl C FAF COF WA A AL A, B, C
A= FA .899 825 .873 .807
Cohen’s Kappa .881 7192 .849

Table 7. Agreed interpretation of verbs in achievement standard based on TIMSS cognitive domain assessment framework
(N=228) (Teacher A/Teacher B/Teacher C)

Knowing Applying Reasoning
sum (7H)
verbs RR D P C R 6] 1 E S DC J
|usity zjol& Qich 0/0/0 0/0/0 0/0/0 2/2/2 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 2
23t 0/0/0 0/0/0 0/0/0 0/0/0 111 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 1
UEhdc} 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 8/8/8 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 8
Aed = it 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 1111 0/0/0 0/0/0 0/0/0 1
ZAFslCt 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 111 0/0/0 0/0/0 1
35T 5 U 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 1711 0/0/0 1
95 & & Utk 0/0/0 0/0/0 1111 0/0/0 1111 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 2
X%ﬂﬂfif A S 0/0/0 0/0/0 0/0/0 0/0/0 111 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 111 2

(RR : Recall/Recognize, D : Describe, P : Provide Examples, C : Compare/Contrast/Classify, R : Relate, U: Use models, 1 : Interpret Information,
E : Explain, S : Synthesize, DC : Draw Conclusion, J : Justify)
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Table 8. Disagreed Interpretation of verbs in achievement standard based on TIMSS cognitive domain assessment framework

(N=228) (Teacher A/Teacher B/Teacher C)

Knowing Applying Reasoning
sum (7H)
verbs RR D P C R 6] I I} S DC J
8 4= ik 0/0/0 0/0/0 0/0/0 0/0/0 1/0/0 0/1/0 0/0/0 0/0/1 0/0/0 0/0/0 0/0/0 1
A iy 0/0/0 0/0/0 0/0/0 1/1/0 0/0/0 0/0/0 0/0/0 0/0/1 0/0/0 0/0/0 0/0/0 1
oJ3lch 0/0/1 0/0/0 0/0/0 0/0/0 0/0/0 1/1/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 1
Avgsict 0/0/0 0/0/0 0/0/0 0/0/0 12/0 2/2/2 1711 1211713 | 0/0/0 0/0/0 0/0/0 16
Qitl/ oty mhelsict | 24/22/20 25/24/21  6/6/6 6/8/9  14/14/16  0/0/0 3/3/2 8/9/12 111 0/0/0 0/0/0 87
ojafjgic} 4/1/3  24/17123 1111 5/6/7  29/29/25  1/4/1 1171 35/41/39 | 2/2/2 111 111 104

(RR : Recall/Recognize, D : Describe, P : Provide Examples, C : Compare/Contrast/Classify, R : Relate, U: Use models, I : Interpret Information,

E: Explain, S : Synthesize, DC : Draw Conclusion, J : Justify)
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Table 9. Interpretation of ‘Know’ based on TIMSS cognitive domain subsection

(N=87)
Knowing Applying Reasoning
sum (7H)
RR D P C R U I 18 S DC J
TATA 24 25 6 6 14 0 3 8 1 0 0
IAB 22 24 6 8 14 0 3 9 1 0 0 %7
TAIC 20 21 6 9 16 0 2 12 1 0 0 (100%)
A A 22 233 6 7.7 14.7 0 2.7 9.7 1 0 0
v (253%)  (26.8%)  (6.9%) (8.8%)  (16.9%) (0%) B.1%)  (11.1%) | (1.1%) (0%) (0%)

(RR : Recall/Recognize, D : Describe, P : Provide Examples, C : Compare/Contrast/Classify, R : Relate, U: Use models, I : Interpret Information,
E: Explain, S : Synthesize, DC : Draw Conclusion, J : Justify)

Know Understand
30.00% 26 80% 40.00% 36.90%
25.30% 35.00%
vvvvvv ) 30.00% 26.60%
20.00% 16.30% 25.00%
20.50%
15.00% 20.00%
11.10%

o 8.80% 15.00%

vvvvv 6.90% 0.00%

5.00% 3.10% oo 2605 5.80% _ ~

0,002 190% goce noow | e SE 1.00% 1.50% 1 oo% 150% 1 00% 1.00%
''''' RR o P C R u E 5 DC 1 o RR D P C R u E 5 DC ]
Knowing Applying Ressoning Knowing Appling Reasoning
Figure 1. Distribution of the meaning of ‘Know’ based on Figure 2. Distribution of the meaning of ‘Understand’ based
TIMSS cognitive domain subsection (N=87) on TIMSS cognitive domain subsection (N=104)

ejael ujAt e OléHffJEF% ke 2] Absle} ol o9} 7] chagt ARA el gF B3] g 4 glo] EAel
olafjst= A= Aol ‘TRl 7|(Relate) FHEOE FAELG] O %EE AREEAL glom, Hoh AR Aesd 4 e HoiE
m, SF e Fae} /)5S ofsfaitk i A, 1% ‘s; WAk TR QL ojule] MgolUnelE ol ASkE RAjolE AN
o] Aasle AR §)4dte] 7)< (Describe)’ =0 2 HAE) —EW 1 ou|E ggs| gt Afols AFH7I1E0] Soke AR o
I}, Explain® 2 A%l 707} Bt 3833, z<j;<1u 36.9% Y& = dAske Ao] vlad] Utk olE S0 ‘olsfidttP ek A

A

2 713 wo] Uelgt] 11 the-o 2 Reltate’} Hdt 27.73], AA|2 01% ARERE AH7IE 5 7] el Slike] B2 8 R
26.6%% AFA|8HL, Describe7} Bt 21.33], 20.5%2 the-2 o]gick of ojsfgtth ek 2 ‘HRiA|oPehs FAlol= Qlsf w3y
71 9)o]|% Compare/Contrast/Classify, Recall/Recognize, Use models, (Relate)” FH=0 8 WelslA| sfjAleiglom, ‘asl o) o5, vjAdo
Synthesize, Provide Examples, Interpret Information, Draw Conclusion, PAE TFH R olgfigtty ehs 22 T H o= e FAto]

Justify 5 11714] Thofsl Al aH2o) 24 Baslgc). colefgity 2 <8l “F3|(Synthesize)’ = 45T

k= Agro] E3F WAL 3¢l0] AJZ7]E BAto] mielk Lol A FjAlat SHARE B2 79, A o] AgolE sk dolA
A3} ] 2)(Knowing), Z-&(Applying), 5==(Reasoning)2] A o ARES A 7120l WzE XA IS 1710 ws A A
A T2 ARREE Zog YRl sto sAsit) o] ApAgolld o 864, Al =T 8079] E4

Sk 22 24 AT ek} ofsfick e Aol AAF YA Y AR sk Het MAES ghef o} colsfaket 3t

Table 10. Interpretation of ‘Understand’ based on TIMSS cognitive domain subsection

(N=104)
Knowing Applying Reasoning
sum (7H)
RR D P C R 0] I 1g S DC J
TATA 4 24 1 5 29 1 1 35 2 1 1
IAB 1 17 1 6 29 4 1 41 2 1 1 Lo4
TAKC 3 23 1 7 25 1 1 39 2 1 1 (100%)
B A 2.7 213 1 6 27.7 2 1 383 2 1 1
o (2.6%)  (20.5%)  (1.0%) (5.8%)  (26.6%)  (1.9%) (1.0%)  (36.9%) | (1.9%) (1.0%) (1.0%)

(RR : Recall/Recognize, D : Describe, P : Provide Examples, C : Compare/Contrast/Classify, R : Relate, U: Use models, I : Interpret Information,
E: Explain, S : Synthesize, DC : Draw Conclusion, J : Justify)
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