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Abshact 

In llii. ol?icle, o meliiod i. &red bjf whicir lo rccognire, identi@, vcrB ondior con~im liint 
smdent "d~eolin$'har ncmrrpd an rnslriple-droice fommed m i n ~ i o n r  ?he opprooclt rerlr 
upon llie probnbiiig qfrnore rim one nudent incorrccrb annwr in~  idcnlicol quenionr. l7le 
technique or "dwice" can be lrrrdeiriicr to screen or la confirm and it i.seen to bc eorily opplied 
in sinlotions imrohtn~ severolnudenlr mdjbr any number of nnnr qlicdiom ond lenlr. 

opying bcmrcn or among rmdents duriog mums is o c o m t  b a t  nod icnliry. Yct, thc idmti6cotion 
of incidences of "cheating" is o h  diEticuit qcc io l ly  when ciws sections x e  lnrge m d  impersonnl. 
Although it is likely that most "chcntining" @kc copying) oc- without tho lioowledgo of tho instructor 

( C W  1999, pp. 13, 35). surpiciow airen nrire ofier en- are pnded, when E S V ~  students nre dizcoveicd to 
have missed tho snme quffitiow. A panem of idendm1 or similm incomcl m v e m  will appcx mong  the smdent 
m e r  forms. The god of this pop- is to offer n method to reco-gizc nnrVor to coniirm that copying liw occurred 
umong sNdiud.nts on muiriplc-choice farmntied er&tiaw, w h m  recoplition nnd confirmnlion are bwcd upon 
pmbnbiliry. 

In n recent Micle, Sotaridom nod hleijer (2003) presented two indices to detect unswr copying on 
multiple-choice tests. One index m dwelopcd by m n m h g  incorrect -vw to u Foissoo diziribution, while tho 
second index incorpomted both correct as well w incorrect nnzwcrs. The ernmpler thnt were wed mcre developed 
by simulndow with voiious rimulee sample sizes, number of test itcms m d  mks  of w e r  copying. . . 

?his study di!ier. fmm that of Sotnridonn m d  Mcijer (S-M) in s w m l  respccti;. First, in this popcr, only 
incorrect m w e r s  nn: cmploycd io detect copying. It  wi l l  be besen that more than ndequnte aemitiviryis nitlined with 
just inrorrect m e n .  Second; when the S-M -pies were bwed upon c m n p d o w  to n theoredcd dizmfudon 
m d  were veri6cd t h g h  simulntiow, in this p e e r ,  an ncolnl clwsmom cqcrience of thc mthor pmvidcs the 
unmple. ThLd: although the S-M pnper B o vdunble coniributioq it is of limir~dusc to those who wish to apply n 
d~lcsdon device. Despite their iniemt rind impressive dewlopmolr, the S M  indexes me simply too sopbidcnted 
(thnr is, too complex) for pmctied opplicndoa in this Midliclc, n detection method is presented with on. eye on both 
simplicity and cwc of applicodon in r ed  settings. 

The scenario presented below milects nn ncNd espniencc of the nuthor and, indeed, ww.the motivntion 
and impkntion bchind this paper. C l m  scctiow ore l ~ c .  with nmund 120 students per S E C ~ O L  Four ouunr me 
ndminiiiercd during the swener ,  whne ench m t  consists of 25 muitiplc-choice quffitious and rvch question is 
pmvided with fiw m v a  opd-. SNdents iill out S c m m n  forms which nn: p d c d  by mncbinc. An Item Andysis 
form lhm indicnm ths number of Scuomn test iarms prided, the nvmgc number of questions nnswcred correcdy, 
und (very impomtly) the kqucncy a f incomct rqowff i  pcr question A suspicion of 6Ndcnt "cheating" m s c  at 
the conciwion of the srmestci when mm smdens wcre noted io haw nminedthe %me p d e s  on ern=. 

The god hero is to dster&e thc lih~lihood that two students, prrrumably workhq indcpcndently, would 
score the sume on m unm and, more pemhcnuy, wouid miss idcnrienl !err qumionr. The objecdvo is ro cdculurc 
the pmbvhiIity of this phenomenon Ifthc chnnce ofthis o c m c c  is unusually r m d  (to be dizmmcd lorn)), ern 
the likelihood of coUusiodcaU~bomtiodcopying or "chcnting" is high. Although on abvjow poorrn mny cXkf 
there is n need to qumtify and diitin-cui.,h it innumciicd (that is, in rmiisticd) terms. With what d e p e  afcerwin5~ 



l l k  of lht nidcle will be presented i n n  format vhich nllows interested readm to ensily follow the 
stcpr in applying the methodology to thcir o m  unique crpdcnccs ond closmom siruations. 

The technique focusci on the likelihood of smdcnts nnnvering inconccUy the same muidple-choice 
qumiom. Therefore, the h t  step is io cnlmlotc lhepmhobilities ofinromclly -erin_~speaJc c- questions. 
lo &is e m ~ p l c ,  nvo poidculor r tudms were u n d a ~ s p i c i o n ,  sincc thsir Scmrmn forms iodicnted not only the s m c  
p d e s  on tests but nlro the snmc quenionr with incorrect q o n s c i .  Column 1 in Tohlc 1 hclow indicntci that on 
the 5m e~nminarion, for unmple, bath rtudmls miscd questions numbered 2.5, 6. 10 nnd 17. The Item Anniysis 
form (not sho~w)  reponedthat the bcqueocies ofincorrect responsci to time,pec~cquerlionrwere 106,181,141. 
121 md 79 q e d v c l y  for the nvo dasr sections combined (ZEC colllinn 2 in Tnhlc 1). Thcm were o rornl of 236 
Scnnmn farms p d e 4  so the pmpordons af nll rmdenr pnpm thnt missed these qucitiom wcm 1061236, 1811236 
and ro on. Therefore, the pmbobilities of incomstiy m e r i n g  thcsc five specific qvcsdons were nppmximotcly 
45. .77 nnd so on (see column 3 in Table 1). Thus, column 3 indicnles the pmportlon of d 236 smdmt responses 
that were incomct for thc specified questions or the pmbobility lhnr n single randomly choim srudmt would m i r ~  
enchspec~~wl que~t ioa 

The ncrt step is ro cnlsulntc thn likelihood thnt nvo mndomly chosen smdmts, X ondY. would both miss 
~nch (some) spefiified questioa This pmbnbiity is thc s q m  a f  the pmbobility of o rinflc student missing cnch 
qucrtioa Hence, columo 4 in Tablc 1 indicatu ihcpmbnbilidcs thnt nvo soldents ~ o u l d  both mwerincorreclly the 
speciGed qu~rtions i / i I~gi  worked indqendortiy. Thne is mu-fiy n 20% cbonce lhnr nny mo mndomlp selected 
studcnts would incomcUy -a question -her 2, iouEWy n 59% cbonce of question 5 m d  so on. 

Fionlly for Ernrimtion 1: thc ovcmll pmbnbiity thnt m y  two smdms  would bath miss questions 2,5,6. 
10 nnd 17 is Ulspmduct ofthe individual pmbubiiMes ofnnytwo students independently missing nll five questions, 
or obour (202) ((.588) (357) (263)(.11?) = .001 =.I%. If nll 14 sipificnnt digits ofpmbnbiliryiiie q o n c 4  thc 
more e u c t  likelihood cnlculntion is ,00124770524027. Noic the mmmely small mpl i tude of I& stutirtic. It  
indicates thnr nvo randomly chosen smdents, i /wari~ng indcpcndcnl!~~, m n i d  hove only nbour u .I% likelihood of 
misring the snmc five spccilied qucidoos fmm Exnm 1. 

Cnlculotions of pmbnbiti& for Emox Z. 3 m d  4 follow the somc rwonlng nnd pmccdure. Far Exom 2, 
the likelihood ofuny two mndom smdents misring oll nhc same spccificd questions is .0000000062450?25501. For 
Exnm 3, the probability is .000130301107292 for all fivc somc spccilied qumioos on4  hr E~am 4; lhe choncc is 
.0000i37480646M thnt they would indqcndmtly miss d l  seven snmcspmilied qnesdoni 

Let us ngoin inrcrpret this rewlt m d  place it in c o n m  of our god. The obovc compuwtioo (which is tnkcn 
to 31 digits ro thc right of lhc decimnl) indicatci thc pmbnbility or likelihood thot randomly chorcn srudents 
would independcnllj, m r  incomcUy nll 26 snmc specified querdons (out of 100 tom1 questionz over four 
scpnmtc anms). Tho smnUcr this pmhnbity, the less likely and the m o m  implausible it is tho1 the nw students 
under suspicion worked independently. Thai is, the rmnller I& pmbobity, thc pcntcr the likelihood that they 
coUnbomtedicoUudedimrked joinllyishnrcdicopied lulz~vcrs or "cheats '  on the four rests. To n p r e s  I& ns ic; 
complemeni and perhnps more dnmaticnlly, our Imel of confidence in cmeluding tbnt they did indeed "chen?' is (1 
- .000~0000000000000038M4D7482D6) = ,999999999999999999961P.1592.51794. Thns, thc likelihood oi 
"chcatb_c" i n b A  (octunl) caw is ncoriy nn ubsoluIdcomplerdtorn1 ceiwinty. 

Note thnt the pmbobilities of "chcntio~'' hnvo o h  been d e t d c d  independenUyfir each scporofe lest. 
For ewmplc; the pmbobiliry of nuo studmts indepcndeody missing the rnme five questions on Exam I xvm 
,00124770524027. Hmcc, the confidcncz levcl in concluding that the nw smdcnm "cbeutes' on E x m  1 is (I - 
,00124770524027) = .99S7522947597; or about Y9.Y%. The likcllaoodr thnt thc m.o students indepcndcotiy missed 
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the same questions on eoch ofthc othm thrcc unms un even m o U a  nnd the lcvcls of codidence in concluding thnt 
they "cbenies' on those mms is, thcmfore, cvcn grmler. 

Burthcr Comments 

B c l o ~  un s c v d  additional comments mgnrding hoththc technique presented ond the conclusion 

This nrticlc bns dmonstmtsd colculntions ~ h e m  just tnro smdenct ~ e r e  involved in "cheodng" over four 
m. The methodology son he ensily modified La ndjurt Tor cnrcs Nhem more thnn m students on 
under s u p i d o n  For cmmplc; if &me rmdenrr were in~dved ,  then the pmbnbilily of h e  rtudeots 
missing the same a n m  question ir thc pmbnbilily of o single m d o m  student missing thc specified question 
to thc thiid p o ~ c r .  Thus, the currcnrcolumn 4 enties in the ab le  ~ o u l d  be replaced by the cube oicolumn 
3 mties. F d c r ,  if sny hvo c-r w a e  odminiatemd &tend oi iour  then, in the h i  slzp, the o v m U  
sub-pmbnbilities ofjurt the nvo crams would be multiplied (&tend of for the four cwms demonsooted in 
thc anmplc). Of courrc, tht p c o m  the numbcr of soldents involved ondior the more questions thnr ore 
collectively missed, the smaller the pmhnbity thnt t h ~  smdenct worlsd independently and, thcnfore, the 
pcoterthe confidence level in concluding thnt "cheatin$ hod ascumd. 
Ti~c  technique dcmomtmled moy he wed cilber ns n genml screening device or as n d~vivicc to coofirm 
But, &I the suspects me ~ m ~ l n c d  nnd idenmcd ond ns a iinher nep, Scantmn iormr then cnn be 
e , e d  to rwcnl whether the pnnimlnr cltoiccr of inca ren  onnver oplians ~w &o identical. Thns, 
thc insrmctoi would ennmine the Scnntmn f o m  first for identical grader, then Tor identicul missed 
gueslianr m 4  findiy. for idcnrical choices of incamst nnnver apliom. Howeyer, n l t h o u ~  this final slcp 
mould funhrr seal the fate (iypicnlly cnpinl punishment) of the meets in this cmmple, it would bc of 
"cry m t q b o l  mnthcmodcol or prncdcul benciit ro impmve upon on nlreody existing codidmoo level (in 
this ocold cnsc) of .9999999999999999999619459?j1794. 
Relntcd to !his lnst point is the irme of how confident no i m c t o r  needs to be in order to confront nod 
nccwc the supected rmdcm. T h w  is no dehidirive w c r  ta this question in social science research 
~ b i c h  udlkes infaentin1 statistics, usunlly n comidencc level of nt least 90% is wploycd Thcnforr ns o 
rule ofthumb, the nsci could employ tbh ns n threshold forminimul coniidence. 
The sensitivity of the eohnique or "device" depends, in pa% upon the probability of t h ~  individual c u m  
questions. For a m p l e ;  say on &rmclor *bcs to employ thc "divicc" yet obtain or scrcen for n minimal 
confidcncc levcl of 90%. To r e p h o  this; soy thm on &mutor would not m t  unless o i  until sihc bns n 
90% codidence level. Also say that there is evidence of copying fmm jnsr Ernm 1 in the a m p l e .  fheo, 
the deslcd confidlncc levcl.could be obtnincd from the fiist k c  questions done, sincn (202) (588) 
(357) is roughly ,042, which yiclds n eonfidencc lcvcl of (1 - ,042) = ,958. (Usins just the fiist Avo 
specified exam questions would pmvidc n comidenco level of "only" ,881.) Similarly, thr desired minimal 
90% level could bc obinined on Exam 2 by avmining thc k t  specifxed qucstioo alone, on E x m  3 by 
mamining just the iirsr ~ C I  que~tiom, ond m Emm 4 by mumining the k t  q ludon  ulonc. Tlw high 
sensitivity of thc mcthoditcchniqudtooVdevice thcrefom d i m s  it lo bs  m p l o p d  on each sepororc noni  
in order to idendiy"chcodng." 
As ststcd above, the z~nsitivily of lhi6 "devicd' depends poniy upon the pmbabity of sadens  missing the 
individual csnm questions. To bc mom specifxc; the "device" ir mom sensitive with quesdons thnt un 
cosier to onswn sorrcctly thnn with questionr that nre di icu l i  To illunmtc: on Exnm I, there war a 77% 
chmcc that n single mndom roldent ~ o u l d  incomctly w e i  qucsdon Y5 a d o  33% chonce of missing 
question "7. And, the liklihood thnt hvo nndom smdents, i f ~ o r l j n g  indcpendently, wouldjointls miss 
question #i is 59% vmus only 11% for question 617. Thmfore, the confidence levcl in concluding thnt 
Uwy collobontcd on the mom diiijcult question $3 is (1 - .58821100~85)=A11788997415 ornboui 41% 
and on the eu im qucrtioo #I7 is (I - ,112054725654) = ,887945274316 or nbour 8946. Hence, it & mom 
likely that two students w r i j n g  indrpcnden1l.v would miss o dj5cult questioo thnn on cnsim quesrion If 
they holh miss nn ear?! question, rile &once of having ~ o r k e d  independently (Umr is, of not "chenting") is 
smollcr. Hencc thc "dovi~e" n t n h  mlntivcly peoter p o m r  with ~ u i c r l s t  questions. 

The purpose of this paper hns been to o h  o method either to identify or to confirm that "chscdng" ha5 
occumd behveen soldmu Wiing multiple-choicc aomirwtious. The techniquc ru t s  upon calculating the 
likclhmds thnt mom thon one student would incorrectly anmsm identical a n m  questions. Thnt is, the "dovice" 
delumLier how WKcly it is thnt nudents mould miss the same questions f r h q  nvorficd indcpcndmIl.~. IF !he 
pmbubility is mdi, it mggcsctlconfirmrivcriGes thnt t l ,  r u s p ~ ~ t e d  students did not work indcpendently. Tho 
methodolop of identificntion ondim veiiScntion oi thc  Wviihood of "chenting" ir shorn to he cnrily applied in 
rimations with multiple rrudene and nny number of e m  questions m d  tests. 

?he author is -mlefal for helpful comments on this pvper by hlichncl D. MoguU. Any crrors, hoivcvcr, are the solo 
responsibility afthe mthm. 
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