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An Analysis of the Reliability of Group Assessment of Logical Thinking
(GALT) using Generalizability Theory

Chun-Ryol Ryu* and Yong-Geun Lee
Department of Earth Science Education, Chungbuk National University, Chungbuk 361-763, Korea

Abstract: The purpose of this study lies in applying generalizability theory depending on the aim of the usage of GALT
to analyze the sources of error of single-facet considering item and person only and to analyze the sources of error of
multi-facet considering item, person and domain. The study was conducted with 1016 students of local elementary,
middle, and high schools. The 21 items of a full version were answered for 40 minute and then the 12 items of short
version were sampled to analyze reliability using generalizability theory. Both the full version and the short version of the
items were analyzed using Cronbach's alpha for data analysis, and we applied generalizability theory and separate pxi
design and px(i:h) design, G study and D study were performed. Results of analysis are as follows: First, the result of D
study after pxI design both on the full version and the short version showed that in the case of the full version, the
generalizability coefficient was 0.87 exceeding a normal level of 0.80, and the normal level of generalizability coefficient
was achieved in 13 items as well. In case of short version, when 12 items were evaluated, generalizability coefficient was
0.77 not reaching the normal level, and the normal level was achieved in case of more than 15 items. Second, the result
of D study after px(I:H) design on the short version showed that once one domain consists of 2 items in 6 domains,
generalizability coefficient was 0.71 which is lower than the normal level of 0.80, the normal level was achieved in more
than 5 item cases.
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TAEE 7L Jk. GALT(Group Assessment of
Logical Thinking; Roadrangka et al., 1983)= ©]2]gt
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Table 1. Elements of full version and short version

Item Version
Subtest No. Contents full short
1 Piece of Clay v \
. 2 Test Tube v
Conservation
3 Road v
4 Metal Weights v v
5 Plastic Jar #1 v
6 Plastic Jar #2 v
. . 7 Glass Size #1 v
Proportional Reasoning -
8 Glass Size #2 v v
9 Scale #1 v v
10 Scale #2 v
11 Pendulum Length v
. . 12 Pendulum Weight v v
Controlling Variables
13 Ball #1 v v
14 Ball #2 v
. . 15 Square and Diamonds #1 v v
Probabilistic Reasoning -
16 Square and Diamonds #2 v v
17 The Mice v v
Correlational Reasoning
18 The Fish v v
19 The Dance v v
Combinatorial Reasoning 20 The Shopping Center v v
21 Light Box v
N 21 12
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AP o &2 A URkst A (generalizability
study, G )2t A4 A-(decision study, D )
2 ozt 249 dAxks WA 24 Aol of
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715 A7) f8 G ATE AN &, A}
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+ A= A58 H(Crick and Brennan, 1983).
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20 U= Aol B4y Edo| uis
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Fosith s AT, 2001;
Lockwood, 1980; Shavelson et al.,
1992).

Brennan and
1991; Brennan,

2 Ao aAlES o83 GALT ¢

NEEE S48kl o] HHd et

A QAT SHAH TS AE SOl

Q xi), FHAR]

35 u=

A WA px )= st ealE FAsIT.
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T5 Aske HAstE 208 S

rlr =

Olt

DTHAMOIEE 0|88 GALT 2H=E1 F4=9| 4

SAETY AR FEd B ot At
o durHow A= 741T7} 0.80 1’3 ™ =
ArRE st Bl Slth(Dunbar et al, 1992;
Shavelson et al., 1993). Cronbach's alpha A|5E ©]
&3 GALTS| A== 443 ehie] 739 087=
SAENeH, FAaE] AT 0772 SA=UH
(Table 2).
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Table 2. Reliability of GALT according to version

Full version Short version
N 1016 1016
Items 21 12
Cronbach’s o 0.87 0.77

Table 3. Result of G-study on full version (pxi design)

OI2S 083 HCh=2|MAIIRIZIAL (GALT)Y| A2z 24 99

GALT 221} HAE0| ClA=M MA 6 7 &4
IHpxi design)
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&4 QT QukoR TR wo] 245 o
WSISE Age A BEEH, B3 Bio) 24
= QUPISE ATE B dEEd. 24 A
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Source of Variation Degrees of Freedom

Sums of squares for
score effects

Variance components for

Mean squares single observations(%)

Persons (p) 1015 127356 125 0.052 (20.63)
Items (i) 20 36.51 0.036 (14.29)
Residual (pi, €) 20300 3325.09 0.16 0.164 (65.08)
Total 21335 5328.80 0.252 (100.00)
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Table 4. Result of G-study on short version (pxi design)

Source of Variation Degrees of Freedom

Sums of squares for
score effects

Variance components for

Mean squares single observations (%)

Persons (p) 1015 719.63 0.71 0.045(17.93)
Ttems (i) 11 47991 43.63 0.043(17.13)
Residual (pi, e) 11165 1821.34 0.16 0.163(64.94)
Total 12191 3020.88 0.251(100.00)
Table 5. Result of D-study on full version (pxI design)
Number of N Ttem Universe Expected Lower case  Upper case Generalizability PHI
facet score observed score delta delta coefficient (%)
Ni=1 1016 1 0.052 0.216 0.164 0.200 0.24 0.207
Ni G study 1016 21 0.052 0.060 0.008 0.010 0.87 0.845
Level 0.80 1016 13 0.052 0.065 0.013 0.015 0.81 0.772
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Table 6. Result of D-study on short version (pxI design)

Number of N Item Universe Expected Lower case  Upper case  Generalizability PHI
facet score observed score delta delta coefficient (c”)
Ni=1 1016 1 0.045 0.209 0.163 0.206 0.22 0.181
Ni G study 1016 12 0.045 0.059 0.017 0.004 0.77 0.726
Level 0.80 1016 15 0.045 0.056 0.011 0.014 0.81 0.768

09
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0.84 +
0.82 +

08
0.78
076
0.74 +
072 4

07 -

Generalizability coefficient

11 12 13 14 15 16 17 18 19 20 21

Number of items

Fig. 2. Change of G-coefficient due to increase of item
numbers on short version.
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Table 7. Cronbach’s alpha coefficient if item deleted from GALT (N=1016)

A Bt
Jaiiet.

£l

<1
A a2 A

Subtest No Scale Mean if Scale Variance if  Corrected Item-Total Cronbach’s o if
’ Ttem Deleted Ttem Deleted Correlation Item Deleted

1% 9373 24.969 0305 0.868
“ ’ 2 9277 25243 0330 0.868
onservation 3 9.507 25.563 0.118 0.875
4* 9.764 24.504 0329 0.868
5 9.735 23298 0.586 0.859
6 9.743 23.409 0563 0.860
Prosortional Reason 7 9.652 23.023 0.641 0.857
roportional Keasoning g+ 9.639 23.029 0.641 0.857
9* 9.825 23.908 0475 0.863
10 9.689 23.988 0431 0.865
1 9.631 23.031 0.642 0.857
Contrlline Variabt 12+ 9.606 23.092 0.632 0.857
ontrolling Variables 13+ 9.822 24.141 0422 0.865
14 9.821 24.003 0453 0.864
Probabilistic Reason 15+ 9.645 23321 0576 0.859
robabilistic fseasoning 16* 9618 23227 0.600 0.859
Comelational Reasoni 17+ 9.992 26.146 0014 0.876
orrelational Keasoning 18* 10.114 26320 20,010 0.874
19+ 9.471 23.901 0.500 0.862
Combinatorial Reasoning 20* 9.764 23416 0.566 0.860
21 9758 23.642 0514 0.862

*Used items in short version
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Table 8. Result of G-study on short version (px(i:h) design)
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Table 9. Result of D-study on short version (px(I:H) design)
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facet (Nh=6) N ftem score observed score delta delta coefficient () PHI

Ni=1 1016 1 0.042 0.028 0.035 0.60 0.546
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Level 0.80 1016 5 0.045 0.010 0.014 0.80 0.750
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