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Qualitative and Quantitative Analysis of
Paper-Pencil Test Items for Exploring its Appropriateness
as a Selection Tool of the Gifted in Science

Lee, Kiyoung - Dong, Hyokwan'

- Hong, Juneui® -

Kim, Hyunkyung?® - Jo, Bongjae®

'Kangwon National University - Korea Institute of Curriculum & Evaluation -
Hansung Science High School - *Seoul Electronics High School

Abstract: The purpose of this study was to analyse the qualitative and quantitative characteristics of
paper-pencil tests for exploring its appropriateness as a selection tool of the gifted in science. For this purpose,
we developed two (internal and external) item analysis frameworks, and applied these frameworks to analyse
qualitative characteristics. Also, we analysed the relationship between two characteristics. The results of
analysing qualitative characteristics revealed that the portion of items with acceleration context exceeding middle
school curriculum level was relatively large, which caused low content validity. Furthermore, there was
considerable deviation in content and context by subject matter and year, which caused test unstability. Items
measuring knowledge domain was the most prevalent, and too much weight on data interpretation & analysis
domain in inquiry process skills. In case of creativity test, the portion of items measuring convergent thinking
was much larger than that of divergent or associative thinking. Most of these items were represented by using
pictures and tables rather than using graphs. Item types of multiple-choice and short answers were superior to
essay types. Discrimination index, on the whole, was appropriate (above 0.3), but item difficulty showed a vast
deviation (0.01~0.90). Correlation coefficients among subject matters and test tools were very low, and test
reliabilities were also low. Low item difficulty & high discrimination index item types were distinguishable.
Items with acceleration context were more discriminating than enrichment context. Implications of developing
quality paper-pencil test items in the selection of gifted students are discussed.

Key words: gifted in science, paper-pencil test, item analysis, selection of gifted students
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Details of study subjects
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Type of test Basic knowledge & Inquiry skills Creativity Total
Year 2002 2003 2004 Sum 2002 2003 2004 Sum

N of items 10 8 9 27 5 5 4 14 41

N of cases 218 215 241 - 218 215 241 - 674
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Table 2
Internal item analysis framework
Dimension Domain Details
Physics Pa. Mechanics Pb. Work & Energy Pc. Electricity & Magnetism Pd. Light & Wave
Chemistry Ca. Material Science Cb. State of Matter & Solutions Cc. Atomic structure & Periodic
Content table Cd. Chemical Bond Ce. Chemical Reaction
Biology Ba. Cell Bb. Metabolism Bc. Homeostasis Bd. Continuous of Life Be. Diversity of
Life & Environment
Earth science Ea. Astronomy Eb. Geology Ec. Meteorology Ed. Oceanography Ee. Earth environment
I . Knowledge I'1. Memory I 2. Understanding [ 3. Application
II. Identifying IT'1. Identifying problems II2. Formulating hypothesis
problems &
formulating
Knowlec.ige & hypothesis
Inquiry II. Planning & II1. Formulating variable III2. Devising & arranging apparatus III3. Observation,
irE;)::iscs performing measurement, classification, experiment III4. Experiment procedure
knowledge & 1nqu1ry. o . o . .
Inquiry skills Iv. {%nalyzn'fg & IV1. Quantitative analysis IV2. Qualitative analysis IV3. Transformation of data
test only) interpreting
data
V. Making V1. Making conclusion V2. Generalization
conclusion &
generalization
Creative a. Divergent al. Fluency a2. Flexibility a3. Unconventional thinking
(élllel;l;:\l/liy b. Convergent bl. Coherency b2. Synthesis b3. Simplicity
test only)  c. Associative cl. Analogy c2. Metaphor c3. Abduction
General Correspond to appropriate curriculum, not require higher order thinking skills
Context Enrichment Correspond to appropriate curriculum, require higher order thinking skills
Acceleration Including contents(concepts) of upper curriculum
Table 3

External item analysis framework

Category

Sub-category

Description

Item representation

Picture
Graph
Table

Example

Text

Data are presented with photograph or illustration
Data are presented with graph

Data are presented with table

Options are presented with example

Item is presented with text only

Multiple-choice

Choose one or more options

Item type Short answer Write answer using one or more words

Essay Describe explanation. cause, and procedure
ltem f Single Single item without sub-items
em form

Multi-tied Two or more sub-items are tied
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Table 4
Result of item analysis for content dimension of internal framework
Type of test Basic knowledge & Inquiry skills Creativity Total
Year 2002 2003 2004 Sum 2002 2003 2004 Sum
Pa 1 1 1 3 1 1 1 3 6
Physics Pb
Pc
Pd 1 1 1 3 1 1 4
Ca 1 1 3 3 4
Cb 2 2 2 6 1 1 2 8
Chemistry Cc
Cd
Ce 1 1 1
Ba
Bb 2(2) 2(2) 2(2) 6(6) 6(6)
Biology Bc 1 1 1
Bd
Be 1(1) 1(1) 1(1)
Ea 1 1(1) 2(1) 1 1 3(1)
Eb 2(1) 1 3(1) 1 1(1) 2(1) 5(2)
Earth Science Ec
Ed 1 1(1) 2(1) 2(1)
Ee
Sum 10(3) 8(2) 9(4) 27(9) 5 5(1) 4(1) 14(2) 41(11)
(): Number of acceleration item. a, b, ¢, d, e: Domains of each subject
Table S
Result of item analysis for knowledge & inquiry process dimension of internal framework
Type of test Basic knowledge & Inquiry skills
Year 2002 2003 2004 Sum
I
Knowledge( 1) 12 1 2
I3 5 3 3 11
II1
Identifying problems & formulating hypothesis(1I) 2 | )
11
Planning & performing inquiry(IIl) 2
m3 2 2
jne
V1 2 1 1 4
Analyzing & interpreting data(IV) V2 2 1 2 5
V3 2 2
. . o Vi
Making conclusion & generalization( V) V2
Sum 10 8 9 27
sokty. 53], 48 =% 9 duisiel #dd 3 2 A FollMe As] WstEd= AA 4 AT
e SAHA L AoZ el £3 A5 4 A Aol FE o]FA e Jo= yEkith
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Table 6

Result of item analysis for creative thinking dimension
of internal framework
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Table 8 94 &3 &
LI

Type of test Creativity Y EME 299 A Mgl 1Y E9o
Year - 2002 2003 2004 Sum o, ) ze) AL H o] 7P We Aoz veRdd.
Divergent | | 5 ojE ¢ko] '@ A Ao B4 At A Ao
thinking(a) BE, g7 AN b e BES AR AR
b3 2 6 4 2 2ol adZrThe IY% EE ol§Eh:
Comergent L2 Aoz ANEn. 5, 39¢ 048 H4Y A4 ¥
© s L 2 2 olgd AFA NS aTekE Bgo] el
_.ocl < Zolth. 2 ze 7% 54 ARY WFE ko] #
Associative _ .
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Table 7
Result of item analysis for context dimension of internal framework
Type of test Basic knowledge & Inquiry skills Creativity Total
Year 2002 2003 2004 Sum 2002 2003 2004 Sum
General 1 1 1 1 2
Enrichment 6 6 5 17 5 3 3 11 28
Acceleration 3 2 4 9 1 1 2 11
Sum 10 8 9 27 5 5 4 14 41
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Table 8
Result of item analysis for external framework
Type of test Basic knowledge & Inquiry skills Creativity Total
Year 2002 2003 2004 Sum 2002 2003 2004 Sum
Picture 3 5 7 15 4 5 3 12 27
Graph 1 1 2 2
Item representation Table 4 1 1 6 6
Example 1 4 4 9 1 1 2 11
Text 3 1 4 1 1 2 6
Multiple-choice 1 4 5 9 2 2 4 13
Item type Short answer 8 1 7 16 2 2 3 7 23
Essay 2 3 5 2 4 6 11
Single 5 5 3 13 5 3 1 9 22
Item form s
Multi-tied 5 3 6 14 2 3 5 19
FE8E AFAZ & Sdth(Harris, 1999). 218 BE 1 2% FME AR d5F B v
s T FAEl solof & A o £o]  Aol7t file, Fod HAAE @=g e
g F9 spolty. 2 ZE o] &t EFL A Zet Hlgo] Bt va) EA vebgrh 533 235
t 7ol 2YH EE olgsHe Aud ofele Yol P Tt SAHOE PARF A6, BIH ¥
AR BT SEN 2T Y S Faye  Be wgYoEw T 357 MY gon, &3
7RbE o) Al A woA 1Y ZE o] 8et 7T A 2AY Ase dEPA Medor ool 4
o] ¥ Bopxof & Zlojth 7} ti ol T
g e dEd ol 2342 AA 9
49% AEE AASNLeH, Avgo] 28%E, A&Fol 2. &9 24X 54 EY
2%E AAstE o= Yeyth 712 A4 3 " (1) B¢ dolzg wHys 24
s daeh Fo4 A4 =E AEdoly Aol Table 9% ¥ Wol=(P)s} MEEDNE A =
Hial dERe] wgel 7 smskem, e AAE o) wlet w9 Axda wwsle] Bae Az
A% AH 29T 5 AN va 4233 A% 2 geje gl
of mlgo] FulHoR Eskth. B A 2ol & B do|woME A B 7 2 Ao|E Kol
oA At a9 vigo] Medung ¥ =0 okotom oz Awr Falo g thA 2 F5e dolx
= A A7e zeEEelor & Rrolth 394 B 2 yehith s dolw WA E Bl na
A E 712 A 9 ' 58 AR s A & 2 zolrt Qe AoZ JEyen, dxdEzn
= o2 FUA(construct) S 3} st =83 A8k 2oz} AUATE E3] 20029 Fo)A AAbe] A
ALE FE SAske 712 A4 S ET Y AASE 9 dolm W97t 00109002 7P¢ FA Yeht
= g2 o4 Arke ZA Aarel 71wrek A & Fato] W2 ol HAy| uf$- A3 Aoz M
A8 ZAITH RN 9], 2006). AT FH S AF ot AHEEE dolwoa Be Ho]E vehfdth
e B BEely) Bk lE Mg o e e Aget mwe) Wolmsl £ AN B BRI 7}
% EY e 702 U¥A UrkCohen & Ambrose, A %o} ThE waol Hla) ofds FAE Ao U
1993). A2 AAE Bo) FHL uok BREA B gom, oy AANE 4R @3je] ol wst Ak
a7 M AoEa o] SEA ARE ey 8 wob ¢ Y A0 e
Lipel 2S BEE A AAR Zalw, s dsopd P WEEE A TE 030 o4oR F5d
BA G o9 3G 233 xS0 o] Aoz yugon], 7% A4 2 w7 5 Arut
£ °]8% F JdeAE e &0l E(open- Fod A MRETE F ¥ 28 JoE YEuith
ended) Feje] Aol o HHT Zo|thHerman er HEE oM e 3 uhe WEge] #At izl
al., 1992). SHAIE AA EA7F @ AEe old Ao ddErh
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Table 9
Summary of 2002-2004 Item difficulty(P) and Discrimination Index(DI) by subject
Basic knowledge & Inquiry skills Creativity
2002 2003 2004 2002 2003 2004
Physics 0.47 0.47 0.56 0.40 0.29 0.24
Chemistry 0.53 0.39 0.43 0.46 0.40 0.20
Mean of P Biology 0.48 0.44 0.30 0.90 - 0.82
Earth science 0.43 0.17 0.25 0.01 0.23 0.14
Mean 0.48 0.37 0.39 0.43 0.34 0.35
Range of P 0.09~0.84 0.06~0.63 0.08~0.58 0.01~0.90 0.23~0.49 0.14~0.82
Physics 0.46 0.39 0.50 0.58 0.45 0.66
Chemistry 0.41 0.47 0.43 0.59 0.53 0.45
Mean of DI Biology 0.33 0.49 0.36 0.20 - 0.63
Earth science 0.37 0.23 0.32 0.17 0.44 0.33
Mean 0.39 0.39 0.41 0.42 0.50 0.52
Range of DI 0.22~0.58 0.18~0.50 0.21~0.59 0.17~0.59 0.40~0.63 0.33~0.66
RAURE Wolkol Mo Ao} Aont AT A & Al s A ek, ol #4471
e watel WHEsE BE W) va dWHoE A9k dEd Aoz RYEL. 47} wstsh $7 09
we gow »}wu} AN E A 2 mIEE Be Fol7t I,
Re wAEE FH Alofske Fxel Aot A
@) #2AS % Ve 24 2 Gujrt 53, AFe wasle] 4ol e @
Table 10& 5 A2} £70l4 47) w70 2 4 3ol wle) WA e, ol Ae ool BA AnE
Ho) BRALE AEF Holth T A4 BRN & EUE & u 349 39 Bl 7h Bl u
sk gkl 02 o3k Tig R A9 g Ao Bel Joz Bed,
2 vepton, 3 4w Uehie 4%E dan Table 11& F ZAE72F 9 F43te] o752
Nz AN 9 G 58 DA s FR AL ® AER Aol F AAETDE AR 027-0332
Table 10
Correlation between four subjects and sum
Year Basic knowledge & Inquiry skills Creativity
P C B E Sum P C B E Sum
P 1.00 0.19 0.24 0.12 0.64 1.00 0.09 -0.11 -0.04 0.81
C 0.19 1.00 0.16 0.17 0.70 0.09 1.00 0.09 0.08 0.59
2002 B 0.24 0.16 1.00 0.09 0.43 -0.11 0.09 1.00 0.04 0.20
E 0.12 0.17 0.09 1.00 0.61 -0.04 0.08 0.04 1.00 0.17
Sum 0.64 0.70 0.43 0.61 1.00 0.81 0.59 0.20 0.17 1.00
P 1.00 0.18 0.01 0.01 0.54 1.00 0.17 - 0.08 0.45
C 0.18 1.00 0.17 0.07 0.64 0.17 1.00 - 0.11 0.90
2003 B 0.01 0.17 1.00 -0.04 0.64 - - - - -
E 0.01 0.07 -0.04 1.00 0.34 0.08 0.11 - 1.00 0.44
Sum 0.54 0.64 0.64 0.34 1.00 0.45 0.90 - 0.44 1.00
P 1.00 0.24 0.10 0.10 0.66 1.00 0.01 0.07 0.03 0.66
C 0.24 1.00 0.05 0.10 0.68 0.01 1.00 0.09 0.00 0.45
2004 B 0.10 0.05 1.00 0.16 0.53 0.07 0.09 1.00 0.08 0.63
E 0.10 0.10 0.16 1.00 0.44 0.03 0.00 0.08 1.00 0.33
Sum 0.66 0.68 0.53 0.44 1.00 0.66 0.45 0.63 0.33 1.00

P: physics C: chemistry B: biology E: earth science
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Table 11
Correlation between two tests and sum

Basic
Year knowledge & Creativity = Sum
Inquiry skills
Basic 1.00 0.28 0.79
knowledge &
2002 Inquiry skills
Creativity 0.28 1.00 0.81
Sum 0.79 0.81 1.00
Basic 1.00 0.27 0.80
knowledge &
2003 Inquiry skills
Creativity 0.27 1.00 0.80
Sum 0.80 0.80 1.00
Basic 1.00 0.33 0.88
knowledge &
2004 Inquiry skills
Creativity 0.33 1.00 0.74
Sum 0.88 0.74 1.00

Table 12
Estimated reliability of two tests

Basic knowledge

& Inquiry skills Creativity
N of Cases 218 218
2002 N of Items 10 5
Cronbach a 0.420 0.688
N of Cases 215 215
2003 N of Items 8 5
Cronbach a 0.217 0.267
N of Cases 241 241
2004 N of Items 9 4
Cronbach a 0.368 0.163
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Table 13
Analytic frame for classifying item types by using P & DI

Type of

. Description
item

A Item difficulty & Discrimination index are good

Item difficulty is low, but Discrimination index

B is good

C Item difficulty is high, but Discrimination index
is good

D Item difficulty & Discrimination index are not
good

E Item difficulty is good, but Discrimination index

is not good
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Table 14
Analysis of relationship between content(subject) and P & DI type, context and P & DI type
Type of test Basic knowledge & Inquiry skills Creativity
Year 2002 2003 2004 Sum 2002 2003 2004 Sum  Total
ABCDEABCDEABCDABU CDEABCDABCDABCDABCD
Physics 11 2 2 15 11 1 1 211 10
Chemistry 2 111 11 1 2 4 11 1 12 1 131 13
Content .
Biology 11 11 2 3 21 1 1 1 1 8
Earth science 111 11 1 1 2131 1 1 1 21 10
General 1 1 1 1 2
Context Enrichment 1 4 113 1113 1 310 2212 221 3 3332 28
Acceleration 111 11 21 1 3312 1 1 11 11
Sum 1521124 113 4 2 61324212 2221 13 3542 41
A: P & DI are good B: P is low, DI is good C: P is high, DI is good D: P & DI are not good E: P is good, DI is not good
Table 15
Analysis of relationship between knowledge & inquiry process and P & DI type
Type of test Basic knowledge & Inquiry skills
YVear 2002 2003 2004 Sum Total
A B C D E A B C D E A B C D A B C D E
I 2 2 1 1 2 1 1 3 1 7 2 1 2 13
I 1 1 1
ik 1 1 1 1 2
v 1 3 2 1 1 2 1 5 4 2 11
v
Sum 1 5 2 1 1 2 4 1 1 3 4 2 6 13 2 4 2 27
A: P & DI are good B: P is low, DI is good C: P is high, DI is good
D: P & DI are not good E: P is good, DI is not good
I: Knowledge II: Identifying problems & formulating hypothesis
II: Planning & performing inquiry IV: Analyzing & interpreting data
V: Making conclusion & generalization
ok Fod AAte] A9E dolmrt Eof offAN ¥ gt wae] g P uEAE Jo® FHE AR
HEE w2 CHIY £F Vel 28%4/14)E 7= Gl siFge= 2@l F A ZFelA she gle
A4 D B 58 4 1% vle B4 JE Ao depdd 89, 38 59 A4 go] 248 3
Aol BAAolAT FAH0R BUHE BYA, B, o 2o A9 AA 13RF F 28 A
CHHS E AN % B 5Y AV 27RT B =T 34U BoIRon, A A A 4%
2123H(78%), o8 HAAPE 1453 & 12434(86%) 2} AFE 18-S At 72 57 334
o7 FAAA D, E FF)ol Hlsf v Al A frdel ol Zoz B4EA.
Aoz Ve melvte] AR BAY A A wet F A4
WeEhe) ABAS BT Aot mHE e ¥R ANske 48 Ao A9t BRI ¥
2 {3 2% HEdA 4P Aols YeERidt o] 7 Btk 53] 712 A 9 " 59 AL
By 2] A9+ 39 5 F AA EAE A of Al Wet F3e] 4= 60% F=(10/17)7F o]
B 30 A4 10%F BEHA, B, C 499 4 B 1Sk 9 39 B F A dg ug
49 Bgow Ueht 4 w3 MY FBY Ao o2 BAW AL wE § A4 8EY F 6RYL
2 FAgdoy, Apget it F4E HAA 108 A9 227 F(78%)°1 AHAA FI T Ao
& T sede] S AeE yeht 44 wt F 2 ZAEAY £ W] AeE BRI &30l
TV E5EA X Zo® BAEAY. 58], A+ 71 Bom(36%), A 1123 5 9F3H82%)°l
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Subjects

Domains

Topics

Pa. Mechanics

. Various forces Pa2. Representation and composition of forces Pa3. Explanation

of motion Pa4. Newton's law of motion Pa5. Momentum and impulse

Pb. Work & Energy Pbl. Work and power Pb2. Mechanical energy Pb3. Conservation of mechanical
energy Pd4. Heat energy
Physics Pc. Electricity & Pcl. Static electricity Pc2. Electric circuits Pc3. Connection of resistances Pc4.
Magnetism Electric energy Pc5. Current and magnetic field Pc6. Electromagnetic induction
Pc7. Alternating current and electromagnetic wave
Pd. Light & Wave Pdl. Property of wave Pd2. Reflection Pd3. Refraction Pd4. Dispersion and
composition of light Pd5. Diffraction and interference Pd6. Wave energy
Ca. Material Science Cal. Material Ca2. Atom and Molecules Ca3. Formular weight Ca4. Chemical
equation
Cb. State of Matter &  Cbl. Three State Cb2. Gas Cb3. Liquid Cb4. Solid Cb5. Solutions
Solutions
. Cc. Atomic structure & Ccl. Atomic structure Cc2. Periodic las Cc3. Metal complex and nonmetal complex
Chemistry ..
Periodic table
Cd. Chemical Bond Cdl. Class of chemical bond Cd2. Covalent bond and molecules Cd3. Intermolecular
force Cd4. Organic compound
Ce. Chemical Reaction  Cel. Chemical reaction and energy Ce2. Reaction rate Ce3. Chemical equilibrium
Ce4. Reaction of acid and base Ce5. Oxidation-reduction reaction
Ba. Cell Bal. Characteristic of Life Ba2. Structure and Function of Cell
Bb. Metabolism Bbl. Enzyme Bb2. Photosynthesis Bb3. Respiration Bb4. Digestion Bb5. Circulation
Bb6. Excretion
Biology = Bc. Homeostasis Bel. Sense Organ Bc2. Nervous System Bc3. Hormone Bce4. Animal Behavior
Bd. Continuous of Life Bdl. Reproduction Bd2. Genetic Bd3. Evolution
Be. Diversity of Life & Bel. Texonomy Be2. Organism and Environment
Environment
Ea. Astronomy Eal. Solar system Ea2. Motion of planets Ea3. Properties of stars Ea4. Galaxy &
universe
Eb. Geology Ebl. Earth's structure Eb2. Crust forming materials Eb3. Plate tectonics Eb4. Earth's
history Eb5. Field trip & geologic map
Earth
science Ec. Meteorology Ecl. Weather change Ec2. Water in atmosphere Ec3. Atmospheric motion Ec4.
Atmospheric circulation
Ed. Oceanography Ed1. Topography of ocean bottom Ed2. Properties of seawater Ed3. Sea current Ed4.
Ocean wave Ed5. Tide
Ee. Earth environment Eel. Greenhouse effect(global warming) Ee2. El Nino Ee3. Water cycle




