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1. Introduction

In multiple choice tests, students arc tempted to choose the answers by guessing where
they do not know the correct answer. Let T denote the total score, R the real score from
knowledge - based answering, and X the random score from simply guessing. Thus, T = R+X.
Thamchareon [6] first introduced the sampling distribution of T, R and X. Later Khanabsakdi
et al. [3] studied the conditional expectation of R given T = t by using the test scores of all
students who succeeded in passing the examination paper for further study in Chiang Mai
University in the academic year 1995.

Generally, if the examination paper is standardized, the student scores will tend to
normal by the law of targe numbers (see {1]). In this paper, we study conditional expectation of
R given T=t in multiple choice tests at large numbers of ilcms. However, before proceeding
to that point, we need a sampling distribution of the three random variables and some concepts.

2. Sampling distribution and concept

Each smdent answers a multiple choice test of n questions where each question
has c choices. Tf the student answers any question by guessing, the probability of choosing the
correct answer is l/c.

2.1 Sampling Distribution of T. 11 is obvious that
number of students getting t points

P(T=t)=
tolal number of students

2.2 Sampling Distribution of R. From Thamchareon [6], we have that

L}
P(T=t) = Z  P(T=t,R=r)
r=0
t
= 2 PR=r)P(T={|R=r)
r=0
t
= 2 PR=nP(X=t-fR=1)
=0
r=1
PiT=r1)- k§0 PR=WPX=r-KkR=k)
P(R=r) = =

PX=0R=1)

&
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2.3 Sampling Distribution of X, By using a binomial distribution mass function (see
[4]). we have a conditional probability mass function of X, given R=r as follows :

n_ 1)( ln—r—x
PX=xR=1) = | "y )1 1—; Cx=0,12... 01 (2.4)

2.4 Adjusted Probability, The probability of R=r by using the formula (2.3) may be
negative which does not satisfy its property. It can be adjusted by the following procedure
2.4.1 Add each probability value of R to the absolute least valuc.
2.4.2 Sum all the results of step 2.4.1.
2.4.3 Divide all the results of 2.4.1 by the summation of 2.4.2.

The results in 2.4.3 represent adjusted probability, denoted by P, (R=r).
From (2.2), we also have to adjust the probability of T, denotedby P, (T=t), as follows ;

P,(T=t)=2, P, (R=r)P(T=t|R=r1).

2.5 Conditional Expectation and Varianee of R, given T=t. By definition of
conditional expectation and variance (see {2, 5]), we have a conditional expectation of R,
given T=(, denoted by E(R|T=t), and a conditional variance of R, given T=t, denoted by
V(R|T=t), as follows :

t
ERT=t)= X PR=rT=1)
I=
t = —_ —
_ 5 P(T = t|R )P, (R=1) 2.6)
1= P, (T=1)
VRIT=t) = B(R* |T = t) - (E(R|T = ))*. @7

3. Method

Score and its frequency of multiple choice test are constructed under many value of the
mean (1) and standard deviation (o)} at large numbers of item (n) for c=2,3.4,5 (n > 32 for c=2, n
> 43 for ¢=3. n > 58 for =4, and n > 72 for ¢=5) and at small n also. The data are analysed via
the procedure described previously using a computer program.

4. Results and discussion

In case of large n; at number of choice ¢ and total score t of those among different p
and/or different o, the conditional expected valucs of real score are equal and its standard errors
are also equal. This paper only shows the conditional expected values of real scorc and its
standard errors, given T=t, in Table 1. The conditional expected values are also shown in Figurel,

In case of small n; the results are different in both conditional expected values and its
standard crrors. The results of each value cannot be shown in this paper becanse its depend on
value of u and o . However, its can be analysed via the procedure described previously.

The percentage of difference between total score and conditional expected real score is
large when tolal score is small and it is small when total score is large. It is imply that the
conditional expected real scores is good estimator when total score is large.

At large values of c, the conditional expected valucs of real score, given T=t, tends to t.
It is not shown in this paper, however, it is obviously seen from its graph in Figure 1.
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Table 1 Show E(RIT=t)at large mumber of n

T ¢=1 c=3% __c-4 c=5
ERD] c®)| ERIO [ oR)| ERD| oRit)] EQ®G] oR®lD
D ]ooo| 000 oot | &0d | 000 | 0.00 | 0.00 | C.OO
1} ooz 014 ]| 003 | 017 | 004 | 019 ] 005 | 621
2| 0oo04] 020] oo | 024 | 0.0 | G281 010 | 031
3| oos| 025 009 | 031 ] @12 | 036 | 016 | 0.40
4| pog ] o2 013] 0371 017 ) 0.43 | 022 | 049
s |o1rlo34)] o1 04z} o2z ase| o291 057
6 luv1z | a3 o200 048 | 0.28 | 057 ] 037 | 066
7| 0161 041 | 024 | 0,33 1 034 | 064 | D45 | 0.75
gl 018 045 o2e| 059 | 041 ] 072 | 0.55 | 084
¢ |lo21] 049 | 034 | D64 | 048 | 072 | G.65 | 094
1w] o224 0531039} 070 | 0571 087 | 0.77 | 105
11| o27)os7) 044 ] 076 | 065} 096 | 091 | 117
12t 030 | oso | 050 ) o082 o075 | 105 ] 1.06 | 130
131033 | a6a ]l 053} 082 ) 0.8 | L15 | .24 | 144
1471 0371 069 | 063 ] 0961 099 | 126 | 144 | 1.5%
151040 | o073l o to3 | 112} 138 | 167 | LT3
161044 | 077 o79 | 1at | 128 | 150 | 193 | 1.93
17| 048 ] 081 | o8 | 119 | 145 | 164 | 2.24 | 212
1l os2f o8| oo ] 128} 164 | 173 | 259 | 233
191057 | 6911 Log | 138 | 1.87 | 1951 3.00 | 2.35
20| 061 ] 096 | 120 | 148 | 212 | 202 | 347 | 279
21| ves | 101 | 1337 1.59 | 241 | 231 | 401 | 3.03
22 lo72]| 1oe ] 147 ] 171 | 274 | 252 ] 463 | 3.28
93 o771 112 ]| 163 | 184 311 | 274 | 533 | 352
24} 083 | 118 ] 180 | 197 | 354 ) 2971 611 | 3.75
951 090 | 124 | 200 | 202 | 404 | 3.21 | 698 [ 396
26| 0971 1231 | 222 | 229 ] 460 | 346 | 793 | 4.14
37| 104 | 138 ] 2471 246 | 523 | 372 | 896 | 430
ag 0 112 | 145 | 274 | 265 | 595 ) 3.98 11004 4.42
aa | 120 ] 153 | 3.06 | 285 | 675 | 422 | 1118 ]| 4.5C
30 f 130 ] 162 | 3.41 | 3.07 | 764 | 445 | 1236] 4536
311 139 | 170 ] 3.82 | 331 | 861 | 466 | 1356 | 4.58
32| 150 | 180 | 427 | 3.56 | 966 | 484 | 1478 459
s3] 162} 190 | 479 | 382 [ 1078 | 499 | 1602 | 4.58
341 174 ] 201 | 537 409 | 1195 5.09 | 1726} 4356
35| 1as | 213 | 603 | 437 | 1318} 517 | 1850] 453
a6 | 203 | 225 | 677 | 465 | 1444] 521 | 1975 450
37| 219 | 239 ] 760 | 493 | 1573 523 [ 21.00] 447
3g| 237 | 253 | 852 520 [ 1703 | 523 | 2225] 444
39| 257 | 269 | 953 | 545 | 1835 522 12350 440
40| 270 | 285 | 1062 567 | 19.68 ] 519 | 2475 437
4t 303 | 304 |t1.80) 586 | 2100 515 | 26001 433
421 330 | 3.23 11305} 6.02 | 22341 512 | 2725 429
43| 360 | 344 | 1437 6.14 | 2367 507 | 2850 426
44| 3904 | 367 | 1574 622 [25.00] 5.03 | 2975 422
45| 431 | 302 11715 6.27 1 2633 499 | 31.00| 418
46 | 474 | 418 {1859 629 | 2767 494 | 3225 415
471 521 | 446 | 2005 ]| 628 | 29.00] 490 | 3350 ¢ 4.11
ag | 575 | 476 | 2153 6.25 13033 | 4.85 | 3475 | 4.07
29| 636 1 so8 [23.01] 622 | 3167] 481 | 3600 4.03
sol 704 | 542 | 2451 617 | 33.00] 476 | 3725 ] 399
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Table 1 Show E(RIT=t)at large mumber of n (Continue)

T cw2 c=3 c=4 c=5
ERY)| o@®i)| ERD| o) ERD| o@®i] ERE | s(Ri)
5i 7.8% £7 1 2600 612 134331 471 | 38.50] 395
52 ] 2467 612 | 27.50( 6.06 | 35.67 | 4.67 | 3975 391
53| 964 | 6.4% | 29.00 | 6.00 | 37.00 | 4.62 | 4100 ) 387
5411072 683 | 3050 594 | 3833 | 457 | 42251 3.83
55131191 2.17 13200 ) 587 | 39.67) 452 [ 4350 3.7%
56| 13.23] 749 | 3350 581 | 41.00 | 447 | 4475 | 375
57| 1465 718 | 3500 | 574 | 42.33 | 442 | 46.00 ) 3.71
5211619 | B.02 {36.50| 5.68 | 43.67 | 437 | 4725 | 367
so|17.83| 822 | 38001 561 | 4500 432 | 4R850 | 362
60 | 19.56 | 836 | 39.50 | 555 | 4633 | 427 { 4975 ] 358
61 12136 846 | 4100 | 548 | 4767 | 422 | 51.00 ] 3.54
62 ] 2323 250 | 4250 | 541 | 49.00 | 4.16 | 5225 3.49
63 | 25.14 ] 850 | 4400 | 534 | 5033 4.11 | 53.50 | 3.45
64 | 27.08 | 8.47 | 4550 527 | 5167 4.06 | 5475 340
65 | 20.04 | E40 | 4700 | 520 | 53.00 | 4.00 | 56.00 | 3.53
66 [ 31.02] 832 {4B.50( 512 { 54331 394 | 57.25] 331
67 13301 822 | 50.00] 505 | 5567 | 3.89 [ 58504 327
68 13501 8.11 | 51.50| 497 | 57.00 | 3.83 | 5975 | 3.21
69 | 37.00 ] 799 [ 53.00 [ 490 | 5833 | 377 | 6LGU | 316
70| 39.00] 78T [ S450 ) 4.82 | 59.67 | 371 | 6225 | 311
| 4100 79 | 5600 | 474 | 6100 ) 365 | 6330 ) 3.06
2 43001 762 | 5750 466 | 6233 ) 3.59 [ 6475 | 3.01
T3 | 4500 748 | 59.00 | 458 | 63.67 ) 3.53 | 6600 2.96
74| 47.00 1 735 | 60.50 | 4.50 | 65.00 | 346 | 6725 290
75§ 49001 7.21 | 62.00 | 4.42 | 6633 | 340 | 6R.50 | 2.85
76 } 5100 7.07 | 63.50 | 433 | 6767 333 | 6975 280
7715300 693 | 6500 4.24 | 6900 327 | 7L00)] 274
78] 5500 678 | 66,50 | 4.15 { 70.33 | 3.20 | 72.25 | 2.6R
791 57.00[ 663 | 6800 | 406 | TLG7 | 3.13 | 73.50 | 262
g0 | 5900 648 | 69.50 | 397 | 73.00| 306 | 7475 236
21 | 6LOG | 632 J 7100 BT | 7433 | 298 | 7600 | 2.50
22 | 6300 636 | 7250 377 | 75.6TF 291 | 7725 | 2.44
g3 | 65060 | 600 | 7400 | 347 | 7700 | 2.83 | 7850 | 2.37
€4 | 6700 583 1 7550 357 | 7833 | 275 | 7o.5 | 2%
85 | 6900 | 566 | 77.00| 346 | 7967 | 267 | R1.00| 224
ga | 71.00 | 548 | 7850 335 1 BlL00)| 258 | 8225} 217
8§71 7300 529 | 80,00 | 3.24 | 3233 | 249 | 83s50| 2.09
88 | 75.00 | 510 | 81.50 | 3.12 | 83.67 | 2.40 | 8475} 202
89 | 77.00F 450 | 83.060 | 3.00 | 8500 | 231 {8600] 194
90 | 79.00 | 469 | B4.50 | 2.87 | 8633 | 221 | 8725} 1RS
91 | 81.00| 447 | 86.00 | 2.74 | 8767 2.11 | 8850} 1.77
92 | 83.00 | 4.24 | 87.50| 260 | 89.00 | 2.00 | ¥8.75 | lad
93 | 85.00 | 4.00 | 89.00 | 2.45 | 9033 1.8% | ¥1.00] 158
94 | R7.00 | 3.74 [ $0.50 | 229 | 9167 | L76 | 92.25| 148
95 | R9.00 ] 3.4¢ | $2.00 | 2.12 | 93.00 | 1.63 | 93.50| 137
96 F91.00] 316 | 93.50 | 194 | 2433 149 | 9475] 1.25
97 1 93.00 | 283 | 9500 1.73 | 95.67| 1.33 | 9600 | 1.12
o | 95.00 | 245 | 9650 1.50 | 97.00| 1.15 | 9725 | 4u7
99 1 ¢7.00| 200 { 9800 | 1.22 | 9833 | 0.54 | 38.50 | 0.79
100] 9900 | t.41 | 9950 0.87 | 99.67) 067 | 9075 | 056
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i
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8
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Fig.1 Graph shows real score R in term of expectancy at total score T=t

3. Conclusions

When students are tested using a multiple choice test in which the number of items is
large, answers arc chosen based on knowledge whete the student thinks that he/she knows the
answer of by simply guessing where he/she does not. One point is awarded for each correct
answer and none for cach incorrect answer. For a total score of T=t. a student’s real score.
corresponding to his/her real knowledge, is analysed in terms of expectancy as shown in Table 1
and Figurel. For examplc, if a student gets 80 points in total score, for 2 choices in each itcm. the

expected real score from knowledge-base in 59.00 points or the guessing score is 21 points with
standard error is 6.48 points.
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