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Abstrarct

In this article, o method is offered by which to recognize, identify, verify andfor confirm that
student “"cheating” has occurred on multiple-choice formatted examinations. The appreach rests
upon the probability of more than one student incorrectly answering identical guestions.  The
technigue or "device” can be used either to scraen ar to confirm and it is seen to be eastly applied
in situations involving several snidents and for any mmmber af exam questions and fests,

Gual Of Study

aof incidences of “cheating™ is ofien difficult, especinlly when cless sections are large and impersonzl.

Although it is likely that most “cheating” (like copying) occurs without the knowledge of the instructor
(Cizsk, 1999, pp. 13, 33), suspicions often arise afier exems are praded, when severnl students are discovered to
have missed the same guestions. A patiern of identicnl or similar neorreet answers will appenr among the smdent
answer forms. The goel of this paper is to offer 1 method to recognize and/or 1o confirm that copying hins occurred
among-students on muliiple-choice formatied expminations, where recognition and confirmation are based spon
probability. : ' ) '

%;( opying hetweén or among stidents duding zxah:lﬁ"_is o constast threat and renlity. Yet, the identification

Tn o recent srtile, Sotaridons ond Meijer {2003) presented two indices to detect zmswer copying on

) multiple-choice tests, One index was developed by matching incomect enswers to o Poisson distribution, while the

second index intorporated both comect as well os incomect answers, The examples thet were used were developed
by simulations with various simulee sample sizes, numbér of test items and rates of answer copying. )

This study differs' from that of Sotaridonn ard Meijer (S-M} iz several respects. * First; in this paper, only
incorrect answers are employed o datect copying. 1t will be seen that more than adequste sensitivity is mtained with
just incorrect nnswers, Second; where the S-M examples were baged upon comparisons to a theorctics] dismibution
and were, verdfied through simmlsticns, in this paper, oo aciudl clossroom experience of the author provides the
exnmple. ‘Thisd; although the S-M paper is a vainable contribution, it is of limited use to those who wish to apply 2
detection deviee, Despite their interest and impressive development, the S-M indexes are simply too sophisticated
(that is, too complex) for practical application. In this article, & detection method is presented with an eye on bath
simplicity and ense of application in renl settings.

The scenorio presented below reflects an actunl experience of the author oad, indeed, wos.the motivaton
and inspirstion belind this puper. Clnss sections are lerze, with around 120 students per seotion. - Four exams are
pdminisiered during the semesier, where ench 1est consists of 25 multiple-choice quesiions and each question is
provided with five nnswer options. Smdents £ll ont Scantroa forms which are graded by machine. An Tiem Anatysis
form then indicates the oumber of Scantron lest forms greded, the average rumber of questions answered correctly,
and (very imporinntly) ihe frequency of incorrect yesponses per question. . A suspicion of student “cheating™ arose at
the conclusion of the semester when fwo smdenis were noted 1o have attained the same grades on exnms.

The pon! here is to delermine the likelihood that two smdents, presumably working independently, wonld
score the same on an exam and; more periinently, would miss identical test guestions. The objective is 1 caloulate
the probability of this phenomenon.; If the chance of tlHs.occurrence is nnususlly smatl (1o be discussed Tater), then
the likelhoed of collusinn/collzboration/evpying or “cheating™ is high. Alihough an obvious pattern may exist,
there is r need 1o quentify and distinguish it in oumerical (that is, in statistical) serms. With what degree of certainty
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can it be cleimed that collsburation berween students occwrred or that the two students did not arive ot their exam
unswers independently?

The Dutnils'

This part of the article will be presented in o format which allows interested readers to easily follow the
steps in applying the methodology to their own unique experiences and cisssrotm situations.

The technigue focuses on the likelihood of students snswering incomreetly the same multiple-choice
questions. Thetefore, the first step is ta caleulate the probabilities of incorrectly answering specific exsm grestions,
In this exampie, two particular stadents were under suspicion, since their Scentron forms indicated not only the seme
prades on tests but also the same questions with incorrect responses, Columa 1 in Table 1 below indicates that on
the first examination, for example, both students missed questions numbered 2, 5, 6, 10 and 17, The liem Analysis
form (oot shown) reported thit the frequencies of incorrect responses to these specific guestions were 106, 181, 141,
121 uad 79 respectively for the two class sections combined (see column 2 in Table 1). There were o ol of 236
Scantron forms graded, so the proporiions of o} student popers that missed these questions were 106/236, 181/236
and so on. Therefors, the probebilities of incorrectly answering theye five specific quegtions were approximately
A5, .77 and so on {(see colamn 3 in Teble 1). Thus, column 3 indicates the proportion of all 236 sudent responses
that were incorrect for the specified questions or the probability that o single randomly chosen smdent would miss
ench specified question. '

The next step is to caleilats the likelihinod that nve modomly chosen students, X ond Y, would both miss
each (same) specified question. This probability is the square of the probability of a single student missing ench
question. Hence, column 4 in Table 1 indicates the probabijities that rwo studznts would both answer incomecty the
specified questions if they worked indeperdently. There is roughly o 20% chance that any two randomly selested
studenis would incorrectly answer question number 2, roughly 2 59% chance of guestion 5 and so on.

Finolly for Exumination 1: the ovesall probability that any two students would both miss questions 2, 3, 6,
10 and 17 is the product of the individoal probabilities of any two students independently missing all five questions,
or about (.202) (.388) (357} (_263) (112} = 001 = ,1%. Ifail 14 significant dipits of probability are reported, the
more exnct ikelihood calculation is .00124770524027. Note the exwremely small magnitude of this siatistic. 1f
indictes that two mndomly chosen students, if working independentiy, would have only about & .19 likelihood of
missing the some five specified questions from Exnm 1. '

Calculations of probabilitiés for Exnms 2, 3 and 4 follow the spme reasoning and procedure, For Exam 2,
ihe likelihood of any two random stwdents missing alf nine snme specified questions 1500060000624 50225301, For
Exam 3, the probability is .000130301107292 for all five same specified questions and, for Exam 4, the :hnnce is
0000237480544&0.1 that they would indepeadently miss all seven same specified questions.

Consequently, the relatively exact probahility that any iwo students would miss o/l 26 same questions {over
the four exams) is .0000000000000000000380540748206. This calculation is arrived at either by muitiplying the
respective overall probabifities over the four separaie exams or by multiplying the individoal pmbablimv_‘: from
column 4 over gll 26 specified questons.

Let us ngain interpret this result and place it in coatext of our goal. The sbove computation {which is tnken
ta 31 digits 1o the right-of the decimsl) indicates the probability or likelihood that two mndomly chosen sdents
would independently answer incorrectly oll 26 same specified quesiions (out of 100 towml questions over four
separate exnms). The smaller this probability, the less lkely and the maore implausible it is that the rwo students
under suspicion worked independently. That is, the smatler this probability, the preater the likelihood that they
collaborated/eolluded/worked jointly/shared/copied answers or “cheated” on the four tests. To express this as its

complement and perkaps more dmmaticnlly, our Jevel of confidence in concloding thet shey did indeed “cheat™ is (1

- .0DCCODBDDOONDONONDNIRNS407482N6) = ,09989999000009500006194 58251794, Thus, the- likelhood of
“cheating™ in this (sctual) case is nearly an absolute/complete/toinl certainty,
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Tobie 1, Probabilitivs Of Incorrectly Answered Exam Questions

Question # Wrong Frequency Wrong Probability Wroeng Prolmbllity Souared

EXAM 1
N=1235

2 106 0.448152542373 0.201738006320

3 181 0.766949132542 0.58R211 002585

11 14 0.597457a17§19 0356935616203

19 121 : 0.55271 1864407 0.262873455904

17 6 : 0.334745762712 0.112054725054

EXAM 2
N=229%
4 51 - 0.222707423581 (1485085965181
g 61 . 0.270742338079 0.0733014244582
14 S I 0532751091703 2838237257110
13 53 .331441048035 . 0.0535649587155
13 . 72 0.314410480345 0.0988539501533
i) . 172 0.755091703057 ) 0.564 1387464050
23 . 84 0366812227074 0.13453512099310
24 63 0.283B42794760 ‘0L0R05667321372
25 9y 0432314416480 0. 18GB957495090
B P {2 mndom stadenis incomectly answering aff 9 questions) = . G0000G0062450225501
EXAM 3
Nw=219
4 71 0.324200913242 0.3051062321470
G 117 0.334746575342 : 0.2854194032650
16 [oed - 0.283105022833 0.0801484539521
21 ) 143 ’ 0.662100456611 {.4383770146380 -
22 77 0.351598173516 ) 0.123621 2736200
P {2 random students incorrectly oaswering all § qur:sunns] =.03g3ostoy02
EXAM 4
N=226
1 . 63 0.2876106194568 0.0827198684313
8 62 0.274336283186 0.0752603962723
10 137 0.606194650265 0.3674720025050
1 22 1.339513008830 {1291408BEOBEA0
15 138 2.630654560027 (.37285613509350
18 78 - {L345132743363 0130166105410
] 154 D-6BE415929204 ’ D.4643276685730

P {2 rendom students incorvectly answerine all 7 guestions) = 00001 37480644603
+. P (2 randem studenis incorrectly answering olf 26 questions) = 0000000000000000000380540748206

Note that the probabilities of *cheating” have alse been determined independently for each separate test,
For example; the probability of two students independeu[lv missing the same five questions on Exam | was
00124770524027. Hence, the confidence lzvel in concludimg that the two smdents “cheated” on Exam 1 is (1 -
00124770524027) = 99875279475973 or about 99.9%. The likelthoods that the two students indepeadently missed
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the same guestions on each of the other three exams are even smaller and the fevels of confidence in concluding that
they “chenied™ on those exams is, therefore, even preater.

Further Comiments
Below are several additional comments regarding both the technique presented and the conclusion.

- This article bas demonstrated calculations where just two sidenss were involved in “cheating™ over four
exams. The methodology con be ensily modified to adjust for cases where more than two students are
under suspicion. For exumpde; if three studenis. were-involved, thea the probsbility of three studsnts
missing the seme cxam question is the probability of o single random student missing the specified guestion
to the third power, ‘Thus, the current column 4 entries in the whle would be replaced by the cube of column
3 eniries. Fosther, if say two exnms-were pdministered instend of four then, in the final sicp, the averali

sub-probebilities of just the two exams would be muitiplied (iastend of for the four exams demonstrated in
the example). Of course, the greater the number of smdents invofved and/or the more guestions that are
collectively missed, the smailer the probabiiity that the sudenis worked ndependently and, therefore, the
greater the confidence level in concinding that “cheating” hod oceurred.

. The technigue demonstrated may be used eitheras & peneral sereening device or us a device to coafirm,
But, afier the suspects sre screened ond -identified:and os & further siep, Seantron forms thea can be
exomined 1o revenl whether the posticular choices af incorrect answer options were nlso jdentical. Thus,
the instructor would examine the Scantron forms ‘first for identicsl grades, then for identical missed
guestions and, finnlly, for identical choices of incorrect answer options. However, althongh this final stzp
would further seal the fate {typically capiml punishment) of the suspeets in this exomple, it would be of
very margina] mathernntical ‘or practical benefit 10 improve upan an ufready existing configence level (in
this petual ease) of .9999909900999950000619459251794,

. Reinted to this last point s the issue of how coafident an instructor peeds to be in order {o confront and
sccuse ihe suspected stadents, There is no definitive answer to this question. In social science research
which utitizes inferentinl statistics, usuzlly a confidence level of at least 80% is employed. Therefore, aa o
rule of thumb, the user coutd employ this s a threshold for minimel coafidence.

. The sensitivity of the technique or “device” depends, in per, upon the probsbility of the individun] exam
questions. For cxample; say an instricios wishes to smploy the “device™ yet obtain or screen for o minimal
confdence level of 90%. To rephrase this; say thnt an instructor would ot act unless or until s/he has a
80% confidence level.. Also say that there is evidence of eopying from just Exam 1 in the exnmple. Thes,
the desired confidence level could be:obtained from the first three questions stone, since {202) (.388)
{357) is roughly .042, which vields o confidence level of (1 - ,042) = 858, (Using just the Brst two
specified exnm questions would provide n confidence level of *only™ .881.) Similarly, the desired minimnl

1% level could be obtnined ua Exom 2 by examining the first specified guestion atone, on Exam 3 by
examining just the first two questions, and on Exom 4 by examining ihe first question alose. The high
sensitivity of the méthod/iechnique/tonl/device theeefore nliows it to be employed on each separate exam
in order to identify “cheating.™

. As stated ahove, the seasitivity of this “device” depends partly upon the probability of siudents missing the
individoal exam questions, To be more specific; the *device™ is more sensitive with questions that are
easier to enswer correctly than with questions that are difficult. To illustrate: on Exam 1, there was a 77%
chance that o single rondom sdent would incorrectly answer queston #5 and a 33% chance of rmssmg
quastion #17. And, the likelihood that two random swwdents, if working indspendently, would jointly miss
question #3 i5 59% versus enly 11% for question #17. Therelore, the confidenes level in concluding that
ihey collaborated on the more difficudt question #5 is (1 - 388211002585} = 411788997415 or sbont 41%
and on the ensier question #17 is {1 - .112054725634) = ,BE7945274346 or sbout §9%. Hence, it is more
likely thnt two students working independently would miss o difficelt question than an easier question. If
they hoth miss an easy question, the chance of having worked independently (that is, of not “cheating™) i s
smailcr. Hence; the “device” nttains reintively greater power with easier test qur-_sucm
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Summary

The purpose of this paper hos been to affer 2 method either to identify or to confirm that “chenting™ has
occurred  between students taking multple-choice oxaminations.  The iechnique rests upon calculating the
likelihoods thnt more than one student would incorrectly answer identical exnm questions. That is, the “device™
deiermines how likely it 15 that swdems would miss the same questions §f they worked independently.  IF the
probability is small, it sugpests/conficnsiverifies that the suspected students did not work mdcpmdcﬁﬂy The
methodology of identificntion and/or verification of the likelihood of “cheating” is shown 1o be easily applied in
situations with multiple studenis and any oumber of exam questions and 1ests.

*The outhor is grateful for helpfiul comments on this paper by Michzel D. Mogull. Any errors, howsver, are the sole
respongibility of the author.
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