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Abstract

In test with multiple choices, it is necessary to have the position of correct answers of each question spreaded
evenly over all the questions in order to minimize the influence of answering tendency of test takers with
preference to specific position of multiple choices. The scores of tests with correct answers in specific positions
would not reflect exactly the academic aptitude of examinees who do not know correct answers but have the
biased answering tendency. In this paper, we have randomness test for the positioning of correct answers
at the 2017 College Scholastic Ability Test (CSAT) using Bartels rank test, the Wald-Wolfowitz runs test,
the turning point test, the Cox Stuart trend test, the difference sign test and the Mann-Kendall tank test,
etc. We also do independence test between the location of correct answer and the allocation of score in
each question, for it may result in overestimating the test-taker with specific position preference in marking

correct answers.
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Figure 1.1. The correct answer array of ‘Korean language’ area in the 2017 College Scholastic Ability Test.
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2.1. Bartels rank test (Bartels, 1982)
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g4 Qo

2.2. Cox-Stuart trend test (Cox%} Stuart, 1955)
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2.3. Difference sign test (Moore2} Wallis, 1943)
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2.4. Mann-Kendall rank test (Mann, 1945; Kendall, 1990)

Manno] At o] AAL i < j2l BRE (X;, X;)o] thate] FAE vudict. A% P X; < X;9
#e] 7)aolth,

1, if X; < Xj,

1<i<j<n 0, otherwise.

2.5. Wald-Wolfowitz runs test (Wald2} Wolfowitz, 1940)
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2.6. Turning point test (Moore2} Wallis, 1943; BrockwellZ} Davis, 2002)
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Table 3.1. P-values of tests of randomness for ‘Korean’, ‘Math’, ‘English’, and ‘Korean History’ area

Bartels Cox-Stuart Difference  Mann-Kendall =~ Wald-Wolfowitz Turning
H= rank test trend test sign test rank test runs test point test
N Two-sided Two-sided Two-sided Two-sided Two-sided Two-sided
Left Right  Left Right Left Right Left Right Left Right Left Right
=£0] 0.875 0.167 0.553 0.000 0.318 0.066
] - - 0.084 0.968 - - 0.000 1.000 - - 0.967 0.033
0] 0.803 0.332 0.574 0.009 0.900 0.505
=48 - - - - - - 0.005 0.995 - - - -
3t 719 0.610 0.754 0.233 0.165 0.813 0.049
S| - - - - - - 0.082 0.918 - - 0.975 0.025
5t 719 0.724 0.688 0.691 0.673 0.645 0.169
=53 - - - - - - - - - - 0.916 0.084
3t Uy 0.667 1.000 0.257 0.904 0.790 0.578
s - - - - - - - - - -
8 v 0.256 0.727 0.706 0.856 0.203 0.095
=53 - - - - - - - - - - 0.952 0.048
o] 0.568 1.000 0.417 0.257 0.620 0.609
Aey - - - - - - - - - - - -
9 o] 0.375 0.815 1.000 0.109 0.603 0.130
=8 - - - - - - 0.054 0.946 - - 0.935 0.065
Sh=- A} 0.904 0.688 0.233 0.382 0.173 0.326
=3 - - - - - - - - - - - -
Sh= A} 0.302 0.039 0.414 0.807 0.409 0.543
=53 - - 0.998 0.020 - - - - - - - -

3.1. 201, 53, 0|, TFA Y
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Figure 3.1. Scatter plot of answer arrangement for ‘Korean’, ‘World History’, and ‘Life Sciencel’.

Table 3.2. P-values of tests of randomness for ‘Social’ area

Bartels Cox-Stuart  Difference Mann-Kendall ~Wald-Wolfowitz Turning
= rank test trend test sign test rank test runs test point test
K Two-sided Two-sided Two-sided Two-sided Two-sided Two-sided
Left Right Left Right Left Right Left Right Left Right Left Right
Ay &) 0.148 0.344 0.414 0.948 0.184 0.224
a2 0.074 0.926 - - - - - - 0.092 0.926 - -
=2 e} 0.559 0.070 0.655 0.270 0.291 0.042
A - - - - - - - - - - 0.979 0.021
N 0.296 1.000 0.414 0.650 0.121 0.543
- - - - - - 0.940 0.060 - -
0.147 0.688 0.414 0.746 0.338 0.068
A A A 2
0.073 0.927 - - - - - - - - 0.034 0.966
oA obAF 0.927 1.000 0.691 0.218 0.263 0.326
AA R 0.054 1.000 0.414 0.092 0.057 0.543
0.973 0.027 - - - - 0.046 0.954 0.972 0.029 - -
5 0.224 0.688 0.121 0.399 0.301 0.703
AA 0.911 1.000 0.674 0.069 0.442 0.294
° - - - - - - 0.035 0.965 - - - -
_ _ 0.769 0.508 1.000 0.038 0.646 0.029
A1) £3)
- - - - - - 0.019 0.981 - - 0.985 0.015
3.2. ARRIE 49
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Table 3.8. P-values of tests of randomness for ‘Science’ area

Bartels Cox-Stuart Difference ~ Mann-Kendall =~ Wald-Wolfowitz Turning
= rank test trend test sign test rank test runs test point test
B Two-sided Two-sided Two-sided Two-sided Two-sided Two-sided
Left Right Left Right Left Right Left Right Left  Right Left Right
- 0.292 1.000 1.000 0.846 1.000 0.224
=21 ) ) ) ) ) ) ) ) ) ) i i
- 0.955 1.000 0.674 0.196 0.774 0.834
22 ) ) . ) . ) . ) . .
881 0.508 0.180 1.000 0.006 0.184 0.068
h - - - - - - 0.003 0.997 0.092 0.908 0.966 0.034
s 0.499 0.508 0.691 0.897 0.168 0.011
s}sp2
- - - - - - - - 0.916 0.084 0.995 0.005
A 8 0.048 0.344 0.414 0.153 0.117 0.015
- - - - - - 0.077  0.923 0.942 0.058 0.993 0.007
53 33} 0.332 1.000 0.233 0.330 0.605 0.432
0.497 0.508 0.674 0.092 0.324 0.675
Z| 23} 8k
I - - - - - 0.046 0.954 - - - -
PERED 0.518 1.000 0.103 0.270 0.605 0.224
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Table 4.1. P-values of tests of independence

3= Zhol A A3 Fishero] A&4A7%
= o] 47 0.018 0.037
] 0.732 0.806
3 7ty B4y 0.427 0.690
3 718 243 0.933 0.971
8 Uy &4 0.789 0.886
+3t Uy 243 0.800 0.883
go] &4 0.530 0.605
ol 253 0.440 0.455
St AL By 0.121 0.146
St A &5 0.178 0.241
A& &g 0.900 1.000
<8t A 0.363 0.476
sh= A 2] 0.087 0.107
AlA A =] 0.099 0.120
& oFAl oFAR 0.639 0.790
AN A A 0.027 0.021
W3 A X 0.323 0.497
A 0.061 0.082
AHEl -2 3} 0.736 0.813
E71 0.316 0.425
Zg2 0.864 0.958
3}k 0.639 0.790
3}l 0.443 0.610
A v 78k 0.424 0.496
A v 718}2 0.821 0.930
2| F1}3H 0.147 0.217
2| 3812 0.639 0.790

Korean World History

Correct Answer
Correct Answer

o

Standardized

Residuals:
Standardized

Question No Question No

Figure 4.1. Mosaic plot between the location of correct answer and the allocation of score in each question for
‘Korean’ and ‘World History’.
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