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The database addressed in this work results from the administration of a test to over 11,000
individuals. The test comprised 50 multiple-choice questions, each with five mutually ex-
clusive options. Among the evaluated individuals, four small groups became suspects of
cheating on the exam. As exploratory analysis tools, among other methods, the character-
istic curves graph, obtained with a Nominal Response Model, and the dendrogram, which
was useful for determining degrees of similarity between the answer sheets, were used. The
probabilistic analysis included the approach via Classical Test Theory, using the indices: K,
K, Ko, S1, and Ss, and also a modern approach based on Item Response Theory, in this
case, using the indices: GBT and w. From the probabilistic analysis of the Copy Indices, it
can be concluded that the occurrence of fraud among the individuals in the suspect groups
is highly probable, justifying a possible detailed investigation of their members.

Keywords: Copy Indices. Item Response Theory (IRT). Nominal Response Model.

La base de datos abordada en este trabajo es el resultado de la aplicacién de una prueba a
mas de 11 mil individuos. La prueba estuvo compuesta por 50 preguntas de opcién miltiple,
cada una con cinco opciones mutuamente exclusivas. Entre los individuos evaluados, 4
pequenos grupos se convirtieron en sospechosos de haber cometido fraude en el examen.
Como herramientas de andlisis exploratorio, entre otros métodos, se utilizaron el grafico de
las curvas caracteristicas, obtenido con un Modelo de Respuesta Nominal, y el dendrograma,
que fue util para determinar grados de similitud entre las hojas de respuestas. El andlisis
probabilistico conté con el enfoque de la Teoria Clasica de Tests, utilizando los indices: K,
Ky, K, §1 v S, y también con un enfoque moderno basado en la Teoria de Respuesta
al ftem, en este caso, utilizando los indices: GBT y w. Del andlisis probabilistico de los
Indices de Copia se puede concluir que la ocurrencia de fraude entre los individuos de los
grupos sospechosos es muy probable, lo que justifica una posible investigacion detallada de
sus miembros.

Palabras claves: Indices de Copia. Teorfa de Respuesta al Item (TRI). Modelo de Re-
spuesta Nominal.
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1 Introduction

Item Response Theory - IRT can assist one in
these decision-making processes by considering
categorical responses as latent, that is, calculat-
ing how likely each category is to be true. It is
through methodologies like these that the average
test score is reached for all possible results as a
probabilistic score. This allows one to unravel pat-
terns such as measuring how likely that response
is to be true.

According to Wollack (1997) [I1], there are two
basic statistical approaches to detecting copying
among individuals taking a multiple-choice test.
One approach involves comparing the similarity
between the responses of two individuals, consid-
ering an expected amount of similarity; the other
is based on Item Response Theory, whose updated
description can be found in the texts by [7], 8, [@].

The first approach, as outlined by [I3], uses evi-
dence found in the unusual clustering of responses
on two answer sheets. The characterization of ”ev-
idence” occurs in two ways: the exclusive use of
incorrectly identical responses and the exclusive
use of both correctly and incorrectly identical re-
sponses. However, according to [I3], these inter-
pretations have been legally criticized, as identical
responses may be considered evidence of copying,
the opposite should attest to “non-copying”. A
more in-depth discussion of this can be found in
the work of [2].

Other perspectives take into account the infor-
mation contained in all the items answered by
all the examined subjects. Among these meth-
ods are those based on Item Response Theory,
more specifically, the Nominal Response Models
proposed by [I]. This approach considers that the
probability of an examined individual correctly an-
swering a given item (considering an estimate of
their latent ability) is independent of any other ex-
amined subject. In this context, the response pat-
tern of an examined individual is compared with
what is expected to be observed from other indi-
viduals with similar latent abilities.

The context discussed here involves the adminis-
tration of a test to 11,234 individuals. The test
consisted of 50 multiple-choice items, each with
five response options. In this sense, the general
considerations for the analysis assume that:

e a candidate only gets a question wrong when
they truly do not know how to solve it;

e if there is no fraud, a candidate who does
not know how to solve a question randomly
chooses one of the five response options;

e if there is fraud, a candidate who does not
know how to solve a question chooses one of
the five response options non-randomly.

Among the classified individuals, there are four
main small groups suspected of violating the afore-
mentioned randomness assumptions. Considering
possible fraudulent practices, the collection of ev-
idence aims to argue against or in favor of this
suspicion.

2 The methods

The analysis of the overall response pattern was
conducted considering only individuals who filled
out the entire exam answer sheet without any era-
sures; in this case, 10,769 individuals remained
whose observed responses were included in the
analyses. Although not detailed here, appeals
made to the assessment organization were also
considered to relate and identify inconsistencies
between empirical observations of the descriptions
made and the resources submitted for each item.

Among the exploratory analyses used, the follow-
ing stands out: the characteristic curve plot [2]
obtained with a Nominal Response Model, which
helps to perceive response patterns according to
the degree of latent ability of the examined sub-
jects (as well as bar graphs; and the dendrogram
useful for determining degrees of similarity be-
tween answer sheets, this method was important
for identifying groups that, due to excessive prox-
imity, could be classified as suspicious groups.

To group evidence of “copy” or “non-copy” among
the 10, 769 individuals’ responses to the 50 ques-
tions, the indices GBT, w, K, K;, K5, S1, and
Sy were used. For their respective calculations, all
codes are implemented in the CopyDetect pack-
age, created by [12], and available in the R software
[].

e Generalized Binomial Test — GBT:

The GBT index was developed by [10] based
on the derivation of the exact probability
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distribution of the number of identical re-
sponses between two answer sheets (consider-
ing a known model for polytomous responses).
The individual probabilities, Pj;. and Pjs,
of choosing alternative j on item ¢, for the
copier (c) and copied (s), respectively, are
determined based on the Nominal Response
Model. Considering the probability of observ-
ing exactly m coincidences out of n items, one
can determine the probability of observing at
least O.s identical responses and then com-
pare it to a critical value of interest.

Index w:

Proposed by [II], it combines Classical Test
Theory (used in indices of the first approach)
with Item Response Theory and was specifi-
cally designed to detect copies. The probabili-
ties associated with each possible response are
also obtained through the Nominal Response
Model. Its test statistic is a normal approx-
imation of the exact probability distribution
for the number of identical responses between
two response vectors.

Index K and its variants:

Indices K, K;, and K> are based on the Bino-
mial distribution to determine the probability
of observing at least W, identically incorrect
responses between two sets of responses. The
calculation is based on a random variable M
representing the number of items equally in-
correct as those of the copied individual for
each group of examined subjects sharing the
same number of incorrect items. Since this
random variable can be approximated by a
Binomial distribution, it is necessary to deter-
mine the parameter representing the propor-
tion of individuals that determine it; in this
case, the indices K, Ky, and K5 were defined
using distinct approaches:

— Index K: The Binomial proportion is
empirically determined, the first approx-
imation, proposed by [3], is based on the
observed average value of M and then
determines the proportion of incorrect
responses in the population.

Index K;: The Binomial proportion is
determined through a linear approxima-
tion, using the proportion of incorrect
responses of each examinee in each sub-
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group sharing the same number of incor-
rect responses.

Index K5: The Binomial proportion is
determined through a quadratic approx-
imation, using the proportion of incor-
rect responses of each examinee in each
subgroup sharing the same number of in-
correct responses.

In summary, index K corresponds to the pro-
portion of examined individuals who have the
same number of incorrect responses as the
copier and whose number of identically in-
correct items coinciding with the copied is
at least as large as W,s. Thus, when K is
a very small quantity, there is statistical evi-
dence that the copier indeed copied the copied
individual’s exam. Further considerations re-
garding index K are available in the works of
13, 5L [6].

Indices S; and Ss, proposed by [6], originate
from the same idea that characterizes index
K, i.e., considering only errors as evidence,
however, they use the Poisson distribution to
understand the quantity W.; and employ a
log-linear model to estimate M. Index So was
proposed to overcome a limitation of index K
(and its variants), for this purpose, its con-
struction also incorporates information from
identically correct responses.

The determination of copy indices was performed
after identifying suspicious groups (GS) through
descriptive and visual processes. Once individu-
als from each group were identified, all possible
pairs (copier and copied) were considered and their
copy indices calculated. The process was carried
out in this manner because there is a distinction
between the indices obtained when investigating
pairs (A;B) and (B;A), and it is not possible to
identify a “suspect individual” for copying or be-
ing copied.

As a control measure, two control groups (GC)
were selected, which corresponded to random sam-
ples of 2,200 individuals among those who took
the test. In their case, it is impractical to identify
all possible pairs, so 10,000 pairs were randomly
selected for determining copy indices.
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Figure 1: Dendrograms for the top 100, 500, and 1000 individuals based on their scores.

Source: the authors

3 Results

The degree of similarity between sets of individual
responses was organized in the form of a dendro-
gram for a more coherent visualization of prox-
imity patterns among responses and identification
of groups of suspicious individuals. For illustra-
tion, observe in Figure [1| the patterns exposed in
the dendrograms for the top 100, 500, and 1000
candidates based on their scores. Under normal
circumstances in this context, what is expected in
a figure like this is the pattern perceived on the
right side of Figure [Th, or the left side of Figure
[Ib, and for the most part of Figure [Tk.

It is visually impractical to reproduce a dendro-
gram in this text that represents all candidates;
however, it was constructed, and, given a simi-
larity threshold, the six groups with the highest
frequency (GS1 — —GS6) were extracted. From
the sixth group onwards, the frequency of indi-
viduals with very similar response sets is four or
fewer. Once identified, the most frequent groups
that share a high enough degree of similarity to be
considered suspicious, the analysis proceeds prob-
abilistically. Similarly, one can also understand
and conclude about such questions, through the
observable frequencies and probabilities presented
by Figures [2] and

In the graphs of these two figures, one can try to
notice, for example, candidates who made good
guesses when answering the alternatives of each
question. Or those who visibly and/or possibly
cheated on the exam. For example, in the National
High School Exam - ENEM (a higher education
admission test conducted by the National Insti-
tute of Educational Studies and Research Anisio
Teixeira, an autonomous agency linked to the Min-
istry of Education of Brazil), one can see how such
characteristic curves and even IRT. It is through
methodologies allows attribute the differentiation
between students who guessed and those who gen-
uinely got questions wrong due to lack of knowl-
edge is made. In other words, two students tak-
ing the same test and getting the same number
of questions right (half). Assuming the first stu-
dent got half of the difficult questions right, and
the second student got half of the easy questions
right. In this case, the second student will end up
with a much higher score than the first. This is
because, initially, it is concluded that: how does
a student get all the difficult questions right and
all the easy ones wrong? Interpretations like this,
among many others, make us at least want to look
more closely at what happened with these candi-
dates. Graphs like those in Figures [2] and [3] allow
us to see strong indications on this subject.
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Figure 3: Bar graphs - of the candidates’ responses

Source: the authors
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Table 1: Observed relative frequencies (in percentage) of detection of copying per examined group.

Group Copy Detection Indices
Analyzed g g K, Ky K GBT w
GS1 0,00 002 012 043 0,79 9885 99,88
GS2 84,35 89,89 97,62 97,44 4548 99,77 100,00
GS3 99,50 99,66 99,83 99,83 93,20 95,38 99,92
GS4 95,67 95,46 98,69 99,29 89,72 93,15 98,08
GS5 0,00 0,00 000 238 000 2381 2857
GS6 0,00 4,76 476 952 476 19,05 2857
GC1 0,16 0,27 0,29 0,78 025 0,85 1,23
GC2 0,12 0,24 020 059 0,20 047 1,12

Source: the authors

The results presented here correspond to the ob-
served relative frequency of evidence of copying
for each of the suspicious groups and the two con-
trol groups. Establishing a 1% level of false detec-
tions, in random and independent situations (such
as with the two control groups), one would expect
to observe an approximate 1% frequency of evi-
dence of copying. A significantly higher frequency
across all indices would indicate evidence that in-
dividuals in that group cheated on the exam.

According to the results shown in Table [1} it is
clear that there is sufficient evidence to further in-
vestigate individuals in suspicious groups 2, 3, and
4, as they show evidence of copying across all in-
dices. Suspicious group 1 was not identified by the
first four indices, likely due to low frequency (its
individuals are part of the highest scoring group
in the exam).

4 Discussion

From the probabilistic analysis of the Copy In-
dices, it can be concluded that there is a high like-
lihood of fraud among the individuals in each of
the first four suspicious groups, justifying a poten-
tial detailed investigation of their members. In ad-
dition to the information presented here, all other
analyzed data indicate an unexpected clustering
in the proximity between answer sheets in groups
1 to 4.

Furthermore, although not graphically presented
here, the characteristic curves indicated that the
latent ability, especially of GS1, justifies its error
patterns; that is, the errors made by these indi-
viduals correspond to the errors that individuals
with higher latent traits would make. This sup-
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ports the subjects in the sense that there would be
no abnormality in the errors, as they are individ-
uals “better prepared”. On the other hand, this
may also indicate that the responses came from a
common source.
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