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Unreasonable Validity of the Problem in the Examination by the
Discriminating Index of Phi-Coefficient '

Seizaburo Arita, Taiichi Saito* and Ikuo Nasu**

To evaluate the quality of problems in the examination, quantitative indexes
such as the percentage of the correct answers, the discriminating index of ¢ and
so on are commonly used.

As the validity of problems, if the value of the discriminating index of a prob-
lem is less than 0.20, the problem is judged as wrong.

However this index is calculated only by the real data based on the number
of examinees who correctly answered the problem.

The aim of this paper is to show the unreasonable point of this index by the
stochastic model and the computer-simulation. From the numerical results, it
was suggested that the validity of the problem should not be determined by the
discriminating index of ¢, but the quality of the problem itself. (Accepted on
December 12, 1988) Kawasaki Igakkaishi 15 (1) : 109—116, 1989
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Fig. 1. The flow-chart of discriminating
process by the phi-coefficient.
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Table 1. The number of examinees who
answered the problem correctly in
the higher and lower knowledge level

groups.
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Table 1 T LA IES, TAEENEEOH
wERTIETSEE, COMERENOL
fr, TR ZIBALTCNDE ELDHZ ENTE
5. HAEE (P E) X = D kAL, FRLoFkp o
EAVWEERT —20 FEMEE T, RORKL
IoTEtEERS.

a—b
J(a+b)(2n—a—b)
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Table 2. Examples of certain phi-coefficients.

£k | 100] 0 Q 70| 30 50 | 50 30 ’ 70 0! 100
SEHTFE | 0 100 l 30| 70 50| 50 70 ’. 30 100 0
=1 6 =04 $=0 é=—0.4 6=—1
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Table 3. Values of discriminating index according to the knowledge level

of two groups.

(887 EA)
£\l
B|b 0 10 20 30 40 50 60 70 80 90 100
g 0 .000 .229 .333 .420 .500 577 .655 734 .816 .905  1.000
10 | —.222 .000 .140 .250 .346 436 .524 .612 .704 .800 .905
20 | —.333 —.140 .000 115 .218 .314 .408 .503 .600 .704 -816
30 | —.420 —.250 —.115 .000 .105 .204 .302 .400 .503 .612 734
40 | —.500 —.346 —.218 -—.105 .000 .101 .200 .302 .408 .524 .655
50 | —.577 —.436 —.314 —.204 —.101 .000 .101 .204 314 .436 .577
60 | —.655 —.524 —.408 -—.302 -—.200 -—.101 .000 .105 .218 .346 .500
70 | —.73¢ —.612 —.503 —.400 —.302 —.204 —.105 .000 .115 .250 .420
8 | —.816 —.704 —.600 —.503 —.408 —.314 -—.218 —.115 .000 .140 .333
90 | —.905 —.800 —.704 —.612 —.524 —.436 —.346 —.250 —.140 .000 .229
100 {-1.000 —.905 —.816 —.734 —.655 —.577 —.500 —.420 —.333 —.229 .000
a—b
é=

la+p) (2n-a-p)
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Table 4. Confidence intervals

DI
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BX, YX2HESMZT R 500, X, Y2 FY
+2SD (SD: F#eFEE) OETEHTH L, ¢
fHIz,

¢ (X+2 SDx, Y—2 SDy) 75
¢ (X—2 SDx, Y+2 SDY) %T

of phi-coefficients.

o4z (a)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.265  0.369  0.461 0.538  0.615  0.688  0.772  0.850  0.929  1.000
& 0.0 | ~0.194 ~0.292 ~0.383 ~0.462 ~0.535 ~0.615 ~0.694 ~0.783 ~0.876 ~1.000

\)
0.207  0.312  0.403  0.494  0.576  0.658  0.747  0.844  0.933
0.1 ~0.078 ~0.181 ~0.282 ~0.381 ~0.461 ~0.560 ~0.653 ~0.757 ~0.876
0.181 0.289  0.377  0.467  0.559  0.657  0.753  0.848
0.2 ~0.049 ~0.154 ~0.248 ~0.344 ~0.445 ~0.546 ~0.654 ~0.784
0.175  0.272  0.365  0.464  0.566  0.666  0.769
0.3 ~0.042 ~0.133 ~0.231 ~0.341 ~0.441 ~0.559 ~0.700
0.170  0.264  0.360  0.472  0.579  0.691
0.4 ~0.032 ~0.129 ~0.231 ~0.348 ~0.464 ~0.617
0.167  0.271  0.379  0.489  0.615
0.5 ~0.026 ~0.120 ~0.247 ~0.370 ~0.538
0.168  0.280  0.405  0.534
0.6 ~0.029 ~0.153 ~0.279 ~0.460
0.181  0.308  0.457
0.7 ~0.043 ~0.178 ~0.384
0.202  0.365
0.8 ~0.064 ~0.295
0.263
0.9 ~0.185
(MEAN + 1 SD)

oA (b)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.301 0.408 0.501  0.575  0.655  0.725  0.811 0.884  0.955 1.000
@ 0.0 | ~0.158 ~0.253 ~0.344 ~0.424 ~0.495 ~0.578 ~0.655 ~0.749 ~0.850 ~1.000
0.271 0.377  0.463  0.551  0.633  0.706  0.793  0.888  0.962
0.1 ~0.014 ~0.116 ~0.222 ~0.325 ~0.404 ~0.511 ~0.606 ~0.713 ~0.847
0.248  0.356  0.442  0.528  0.616  0.712  0.802  0.879
0.2 ~-.017 ~0.087 ~0.184 ~0.282 ~0.387 ~0.491 ~0.605 ~0.752
0.242  0.341 0.432 0.525  0.628  0.719  0.803
0.3 ~-.025 ~0.064 ~0.163 ~0.279 ~0.379 ~0.505 ~0.666
0.239  0.331 0.425  0.533  0.637  0.728
0.4 ~-.037 ~0.062 ~0.167 ~0.287 ~0.407 ~0.580
0.237  0.342  0.444  0.549  0.654
0.5 ~-.045 ~0.058 ~0.181 ~0.311 ~0.499
0.238  0.343  0.469  0.570
0.6 ~-.041 ~0.090 ~0.216 ~0.424
0.250  0.373  0.494
0.7 ~-.026 ~0.113 | ~0.347
0.271  0.401
0.8 ~-.005 ~0.259
0.302
0.9 ~0.146

(MEAN = 2 SD)
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Fig. 2. The distribution of phi-coefficients
with higher-score group (80 points) and
lower-score group (50 points) by the
stochastic model.
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Fig. 3. The relati.onship between the
knowledge levels and the scores
of examinees.
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Table 5. Phi-coefficients by the computer-simulation.

1 fi2 f3 fi4 I BRI // <o | B9 316 | B 317 | R9 318 | R 319 | R 320
1AK| O @) X O O X O X O ©) O
= 2N @] X @] @) O X @] @) X O (@)
KPN X O O O X X O O @] (@] O 80
{ﬁ 4N O o X Q Q X Q o X o o |=
wr| x | 6| & | 6| 6| x 6 6| x| 6] %
1A X O O X X O X @) @] X O
T 2N O o X @) X (@) x @) o X @)
L sal x| o] o] x| x| o o | x| o | ol x |5
Tl x| xlolololo o | x| oo x |x
WA| O x o x X ) X o o) X le)
EALIEE A% 82 62 84 70 76
TAIEZ A 56 73 41 68 54
B fR %% | 0.28 -0.12 | 0.44 0.01 0.23
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