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ABSTRACT
Sociologists teaching at universities have seen how multiple-choice tests with closed-end-
ed questions have become the norm in the discipline. If wrong answers are not penalised, 
these tests become a context that favours the emergence of rational actors in the form of the 
student-player. Such students minimise their effort by taking advantage of the probability 
of answering correctly out of luck. By applying the definition of a Bernoulli random variable, 
this methodological note presents the score that must be awarded to incorrect answers in 
exams, regardless of the number of questions and response options. Deviating from this 
score means one of two things: favouring the emergence of the student-player, or overly 
penalising the risks taken by students when sitting exams.
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RESUMEN
La experiencia de los sociólogos que enseñamos la disciplina en la universidad muestra que 
el uso de los exámenes tipo test con respuestas cerradas se ha generalizado en nuestra disci-
plina, entre otras. Si no se penalizan las respuestas erróneas, estos test se transforman en un 
contexto que favorece el surgimiento de un actor racional en la forma del estudiante-jugador. 
Este minimiza su esfuerzo aprovechando la probabilidad de acertar con que le obsequia la su-
erte. Aplicando la definición de variable aleatoria de tipo Bernoulli, en esta nota metodológica 
presentamos la puntuación que deben tener las respuestas erróneas en exámenes de cualquier 
extensión en su número de preguntas y opciones de respuesta. Desviarse de esta puntuación 
supone, o bien favorecer el surgimiento del estudiante-jugador, o bien penalizar en exceso la 
asunción del riesgo a equivocarse que todo estudiante debe afrontar en un test.

PALABRAS CLAVE: acción racional; estudiante; evaluación; examen; nota; penalización; pre-
gunta cerrada; puntuación; test.

1. Introduction
Multiple-choice exams (referred to hereinafter as “exams” or “tests”) have been 
the subject of sociological reflection for more than fifty years (see, for example, Gos-
lin and Glass, 1967). Nevertheless, their expansion beyond controversial intelligence 
tests and American university entrance exams is more recent. As Edwards (2006) 
points out, their proliferation can be linked to Parsons’ claims about school: in mer-
itocratic societies, this institution fulfils the dual function of (a) talent selection, and 
(b) the subsequent allocation of individuals to jobs (see, however, Bennett de Marrais 
and LeCompte, 1998, for a critique of this argument).

In recent years, these tests have been taken in numerous Spanish university degrees, in-
cluding the social sciences, where discursive subjects abound and, therefore, it does not 
appear to be the best way to evaluate the knowledge acquired. It is the task of sociologists 
to study the causes of this trend. Although this is not the aim of this brief methodological 
note, it should be mentioned that the most cited reason, in my experience, is that students 
and teachers prefer tests because they require less effort than exams with open-ended 
questions: not only do teachers correct them more easily and quickly, but the conflict in 
mark reviews or appeals is also reduced. Furthermore, students are spared having to write 
their own rationale, as well as the prospect of making grammatical and spelling errors 
when answering the questions. Another advantage of tests is that, even if the decisions 
regarding their design and contents are subjective, the standardisation of their closed an-
swers makes their evaluation more objective (Andreasen, Rasmussen and Ydesen, 2013).

Nonetheless, the objective of this methodological note is to point out that those tests 
in which wrong answers are not penalised is a social context that favours the rational 
calculation of the well-known homo economicus (Levitt and List, 2008). In this case, 
the ideal typical model, in the Weberian sense (Weber, [1922] 1982), is a student solely 
motivated by the aim of passing with the least effort (i.e., without studying). This ste-
reotypical idle student answers the test questions at random. Faced with this situation, 
many teachers are unaware of how wrong answers should be evaluated to reduce the 
student-player’s expectation of passing to zero.  In some cases there are no penalties, 
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thereby giving a generous advantage to the student who has not studied. As will be 
seen later, this is equivalent to the probability of randomly guessing the correct answer 
from each question’s response options. (Several studies, for example, Dehnad, Nasser 
and Hosseini, 2014, and Schneid et al., 2014, conclude that three response options is 
the optimal number to maximise the validity and reliability of the tests). Translated 
into points, the student-player would obtain on average the maximum exam score, for 
example, 10, multiplied by the previous probability; for example, if there are 3 possible 
answers, on average the student’s final score would be  = 3.3 points.

In other cases they penalise too little, which continues to give an advantage to the 

idle student which will be within the range , depending on 
the penalty used.

Finally, in some instances, incorrect answers are over-penalised in relation to that 
which would eliminate the role of chance. This situation shifts the penalty to the left 
on the real line: that of the student-player becomes negative, while that of the stu-
dent who has prepared becomes lower than the numerical value that best reflects 
their knowledge.

Although teachers sometimes miscalculate how to penalise incorrect answers, some 
students employ strategies designed to score as high as possible on tests with as little 
study as possible (see, for example, Psiconociendo, 2022, and Sentipia, 2022). There 
is even a campaign for the Spanish Constitutional Court to declare the penalty for 
incorrect answers on tests to be unlawful (see Icaro100, 2010) based on the legal jus-
tification proposed by Muñoz Clares and Caballero Salinas (2019).

In light of this situation, this methodological note is intended to help both teachers 
and students approach the issue (a) knowing its technical details, and (b) being aware 
of the model student who is favoured by one kind of score or another, no penalty vs. 
a fair penalty: the student-player vs. the responsible student, respectively. The final 
result of a correct calibration of the score, correcting according to wrong answers, is 
that the final exam mark numerically reflects the student’s state of knowledge.

Furthermore, and unlike some articles that deal with the same subject and that have 
served as inspiration for this note (see, for example, Morales, 2017; among the many 
resources on these topics that can be found online, of particular note are those by the 
American Statistical Association, 2013; Bickis, 2017 and Stanbrough, 2009), the gen-
eral formula is presented here to calculate the mark for wrong answers, regardless 
of the number of questions in the exam and the number of response options for each. 
The only constant assumption is that there is a total of ten marks available on the 
exam, as is usual in the Spanish school and university system. (In any case, if another 
score were used, it would suffice to replace the number 10 with the corresponding 
number in the formulae below).

The result is a simple, but not trivial calculation. The calculation requires the com-
mand of some basic statistical concepts: sample space, Bernoulli and binomial dis-
crete random variables, as well as its expected value and probability density func-
tion (pdf) also known as probability mass function (pmf). Those concepts, that are 
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discussed more extensively in any statistical manual, will be explained briefly and 
exemplified in this note (see, for example, Martín-Pliego and Ruiz-Maya, 2006).

2. The rational actor and the role of chance in tests
If the model of the student who is motivated exclusively by the aim of passing with 
the least effort is taken to extremes, this can be equated to not studying at all. How-
ever, even without studying, if there is no penalty for an incorrect answer, such a 
student qua rational agent answers the closed-ended questions because they can 
guess the correct answer from the response options by pure chance. 

Randomly choosing an answer out of the m options has a probability  of be-

ing right, and a probability  of being wrong. Indeed, the 

probability of randomly getting all the exam questions right is lower, since, if each 
question is regarded as independent to the other questions, which is reasonable for 

the case of the student who has not studied anything. Then the probability of getting 

the n exam questions right is .

This situation replicates the games of chance created by the Swiss mathematician Ja-
cob Bernoulli ([1713] 1993) in the eighteenth century, thus becoming known as Ber-
noulli’s experiments or trials. The fundamental issue is this: those students who do 
not study and who choose their answers at random are rewarded if an exam’s mark-
ing criteria award positive points for correct answers, for example, one point, and 
zero points for both unanswered questions and incorrect answers. In this case, the 

student-player can expect to get  points on 

each exam question, a score that is by no means negligible.

The aim of this article is to explain the above calculation, as well as the marking cri-
teria that would entirely cancel out such an a priori advantage, so that, on average, 
the student-player gets a zero on the exam.

3. Fundamental concepts
Answering closed-ended questions is an example of a “Bernoulli” trial or experi-
ment because there are only two possible outcomes for the student: success or fail-
ure, which can be denoted ω1 and ω2, respectively, and which make up the so-called 
“sample space” Ω of the test. However, it is not possible to operate mathematically 
with events. Therefore, the “random variable” function is introduced (hereinafter, 
“RV”); in this case, Y≡ “randomly guessing the answer to a question”, which trans-
lates, so to speak, the two events Ω={ω1,ω2} from the sample space Ω to the two 
numerical values of the RV. Y: Y={y1,y2}. For this reason, it is common to see the 
following notation in statistical manuals:

(1) Y : Ω → R.
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The expression (1) means that the RV Y is a function defined on the sample space (set 
of the results of a random experiment) that takes values in the body of the real num-
bers R. However, in Bernoulli’s experiments or trials, the RV function translates the 
test results to the field of Z integers:

Y:Ω→Z

Specifically, as done previously, the integer 1 is usually reserved (for the sake of clarity 
and operational convenience) for the “success” of the test (answering correctly in the 
example given here corresponds to the value 1 of the RV: Y = y1 = 1) and the integer 
zero as the opposite, for the “failure” or mistake (Y = y2= 0) (Baclawski, 2008, p. 48).

Each value y1, y2 of the RV Y has an associated probability of being verified in a giv-
en trial or experiment or, in the context of this article, in each exam question: the 

student answers correctly (ω1= success, y1 = 1) with a probability  and the 

student answers incorrectly (ω1= failure, y2 = 0) with a probability . In summa-

ry, the RV has a probability distribution which, here, is also called Bernoulli’s distri-
bution and which is succinctly expressed as Y ∼ Bernoulli (p).

“Expectation” (a mathematical operator denoted by E[⋅]) of an RV Y is the name giv-
en to its “expected value”: E[Y], which depends on the pmf and tends towards the Y 
values with the highest associated probability. When there are empirical data, the 
equivalent is the mean: this approaches the expectation as the sample increases or 
repeats1.

In the discrete case, the expectation is calculated as the sum of the product of the 

probability (pi) that each value i of the variable Y (yi) has for that same value yi (here, 

.

When the correct answer is marked with the integer 1 (y1=1) and the incorrect answer 

with 0 (y2 = 0), the expected value is .

4. Extension to any type of score per question
Awarding the correct answer a score of 1 makes sense if: (a) the maximum mark that 
can be obtained is 10 points, representing a completely perfect answer, and (b) the 
exam consists of 10 questions of equal value; or if the exam has n questions and the 
final mark is not restricted to 10 points, but is 1⋅ n = n points.

In the following discussion assumption (a) will be maintained, since the scale of 
marks from zero to ten points for evaluating exams is the most common in the Span-
ish educational system. However, assumption (b) is questionable as the number of 
questions asked varies in the tests; in fact, exams are rarely limited to only 10 ques-
tions, since they compensate for not having to reason explicitly by requiring answers 
to numerous questions. 
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The maximum exam score, 10, must be divided among the n questions, so that the 

value of the correct answer, u, must be  points. For example, with n=20 

questions,  points. This shows how the image or range of 

our Bernoulli RV (that is, the set of values it can take) corresponds to the set of ra-
tional numbers (Q) and not to that of the integers (Z). In other words, in these cases 
it is verified that:

Y : Ω → Q

As mentioned previously, this particularity is not usually taken into account in pres-
entations on how to mark multiple-choice exams (see, for example, Morales, 2017); 
however, it is paramount for resolving the crux of the matter: how to score each in-
correct answer. What rational number should be assigned to y2, the second possible 
value of the RV Y which represents the mistakes in the answers? This ignorance can 
be formally expressed in the pmf of the RV Y, that is, the function that informs the 
probability with which the RV Y adopts each of its yi values, P(Y=y1) or P(Y=y2):

A teacher who shares the value judgement that the mark of a student who has not 
studied must be the numerical equivalent of nothing, that is, a zero, will agree that 
the quantity y2, for now unknown, must be such as to centre the expectation of the 
variable Y on zero, E[Y]=0, and not on  as was the case with the Bernoulli RV 

Y with which this explanation began, that is, that which associates the zero value 
with mistakes. Therefore, and since the definition of mathematical expectation is 
E[Y]=∑ i y i p i, the situation is represented as follows:

For the expectation to be zero,   the mark for a 

wrong answer, y2, must adopt a precise value and, in order to determine it,  the ex-
pression of the expectation equal to zero is written in terms of y2:
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(In the ensuing discussion it is sometimes convenient to simplify the notation by 

denoting with v the penalty  that is applied to each incorrect answer, such that

.) In other words, in a multiple-choice exam with a maximum 

score of 10 points and n questions, where each question has m possible answers, by 

scoring each incorrect answer with  , the student 

who guesses the answers randomly has an expected mark of zero.

Therefore, the pmf of the Bernoulli RV Y that takes values in the set of rational num-
bers Q and with expected value equal to 0:

where we have the following: (a) the values Y(success) = y1 = u  and Y(failure) = y2 
= uv; (b) n questions in the exam; (c) m possible answers per question.

In short,  is the score that a wrong answer must have on a test so that, 

whoever randomly guesses the answer, obtains a zero on average. Note that this ex-
pression is a function of two parameters: the n questions that make up the exam and 
the m response options to each question. As mentioned previously, in this formu-
lation the maximum score on the exam is 10 points. If this were not the case, there 
would be a third parameter k on which the correct and incorrect answer score would 
depend. This formula is reproduced in the conclusion in plainer language so that it 
transcends as the main message of this methodological note and interested teachers 
can easily apply it to their situation.

By way of verification, by making y2 = uv, the student-player does indeed get on 
average a zero in each question.
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Given this scoring scheme, the following facts are derived:

1. The maximum score on the exam with questions is effectively ;

2. the minimum is ;

3. If someone wants to adopt marking criteria that assign the value w ≠ uv to 
Y(wrong) = y2, there are two possibilities:

• if w < uv, the marking criteria penalise incorrect answers too severely, 
inhibiting the risk-taking involved in answering a question when there is 
the slightest doubt as to which is the correct option;

• if w > uv , the marking criteria penalise incorrect answers too mildly, 
bringing the real student being examined closer to the ideal-typical mod-
el of the rational actor that has been dubbed here the “student-player”.

4.1. Expected exam mark

By the linearity of the expectation operator, E[⋅], and assuming that the n questions 
give rise to n independent and identically distributed RV  Y1, Y2,…, Yn with the pmf de-
scribed above, the expected overall exam mark will be equal to zero: E[n⋅Y] = n⋅E[Y] 
= n⋅0 = 0.

4.2. Examples

Let’s start by posing an example where the pmf of the R.V. Y∼Bernoulli  reflects 

a test with n = 30 questions and m = 5 response options:

Then it can be verified that:

Another example is a test with n = 20 questions and m = 3 response options per 

question. Thus, each correct answer is worth  points, and each incorrect 

answer should be given 
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  points

With this, the expectation of the RV Y equals zero:

If the same exam had questions with m = 4 response options, each mistake should 

score  points. Thus, in effect, the expectation is:

If, on the other hand, the exam had   n = 40  questions with  m = 3  response options, 

answering correctly would be worth     points and answering incorrectly, 

 points. Thus, the expected value is:

Likewise, m = 4 response options would also result in awarding an incorrect answer 

 points. Indeed, in such a case the expectation 

remains at zero:

To summarise, the more response choices and questions there are in an exam, the 
lower the penalty for incorrect answers.

5. Number of correct answers in n questions: transition from 
the Bernoulli to the binomial distribution

On one occasion, a mistake was made in a step of the code used to randomly alternate 
the position of the correct answer in a test with n = 20 questions and m = 3 answer 
options. The result was that in the first exam sitting for the subject “Sociology of 
diversity”, of the UNED Sociology degree, the correct answer was always the third 
response. A student who had not studied, and who resat the exam (second exam sit-
ting), decided to continue opting for the answer (c) in each test question, when in 
that exam the correct answer varied randomly from question to question. Thus, the 
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student randomly guessed the correct answer to 8 questions, and got 12 wrong, ob-

taining a score of  “free” point, i.e., 10% of the total exam mark. 

However, if the incorrect answers had not been penalised as explained in the pre-

vious section, the student would have got  points by pure luck, 40% of the 

total mark. With this final result, the student could consider appealing the final mark 
for the course, arguing that it was very close to the exam pass mark, as is often the 
case among students whose mark is just below a five.

An interesting question is, what is the probability of obtaining 8 correct answers in 
20 attempts? Obtaining x correct answers in n attempts or trials describes the da-
ta-generating process of a random variable with a binomial distribution. By way of 
example, this random variable is denoted X ≡ “number of correct answers in n 
questions in a test”. In addition, this statistical model assumes that each of the n 
test questions is independent of the others and that, in addition, the RV associated 
with each question is identically distributed, i.e., it follows a Bernoulli distribution 
with probability p2.

Under these conditions, the probability of obtaining exactly x correct answers in n 
questions is expressed as P(X = x), and the pmf of the variable X∼B(n, p) is:

Given that X is a binomial RV, its expectation is E[X] = np (Martín-Pliego and 

Ruiz-Maya, 2006), thus, when n = 20, . In the example 
cited, the result is somewhat higher than the expectation, since there were x = 8 
correct answers. The probability of this occurring can be quantified as follows:

In other words, around 15% of the student-players will get 8 correct by chance or, 
alternatively, if one of these students were to repeat the test ad infinitum, they would 
get 8 correct by chance almost 15% of the time.

What is the probability for the 20 possible outcomes, from zero to 20 correct answers 

obtained by chance? This is represented in Graph 1 of the pmf  
:
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Graph 1
Probability distribution of X∼B(n=20, p=1/3)

Graph 1 shows that the highest probability corresponds to the sample results that 
coincide with the integers around the mathematical expectation of E[X]: 6 correct 
answers and 14 incorrect answers, on the one hand, and 7 right and 13 wrong on the 
other. Indeed, this binomial distribution has two values with maximum probability, 
that is, two modes M0, verifying the following inequality (the test is found in Arnáiz, 
1986, cited in Martín-Pliego and Ruiz-Maya, 2006, p. 188):

The exact value of this, the highest probability of this pmf, is:
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In other words, around 18% of student-players will obtain 6 correct answers and 14 
incorrect answers, and the same percentage will obtain 7 right and 13 wrong answers. 
With these, the most common results, and there being no doubt at this point that in 
a test of this kind the correct answer is worth  points and the incorrect answer,  

points, the following final marks will be obtained, respectively:

Conversely, being so unlucky as not to randomly answer any of the 20 questions cor-
rectly is a circumstance that only afflicts the 

of the student-players or, alternatively, of the times when a student takes a gamble, 
guessing the answers. At the other extreme, getting all the questions right by sheer 
luck is an event that has an even smaller associated probability, of only (expressed 
as a percentage),

in other words, it is an event that we expect to occur with a frequency of around three 
times every hundred million attempts.

Another relevant question concerns the minimum number of correct answers neces-
sary to pass the test with the given characteristics (n = 20, m = 3), i.e., to obtain 5 or 
more points, which is the mark conventionally interpreted as a “pass” in exams with 
a maximum mark of 10. Thus:
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Therefore, with a test of these characteristics, the student needs to get 14 answers 
right, since they will still score less than 5 with 13 correct answers:

The probability of obtaining the 14 correct answers necessary to pass the test is

In other words, 0.07%: seven out of ten thousand students or attempts will succeed. 

In comparison, if there were no penalty for the wrong answer, answering half of the 
questions correctly would be enough to pass, with students safe in the comfort that 
they would be able to try their luck on all the questions. In other words, it would be 
possible to pass the exam even if half of the questions were answered incorrectly. 
The probability of this happening in an exam with 20 questions with three answer 
options each is 

Around five student-players out of a hundred would pass the test. Note that the order 
of magnitude of this number of passes is one hundred times higher than when incor-
rect answers are penalised and the student answers all the questions.

6. Conclusion
This methodological note includes a main conclusion for any teacher who uses a test 
to evaluate their students. Without making use of the unintuitive mathematical no-
tation and its index or dummy variables (m, n, etc.), the conclusion can be expressed 
as follows: the correct answer must be worth…

Maximum test score
points

Number of test questions

The wrong answer must be worth…

Maximum test score . -1
points

Number of test questions Number of options per question –1
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Clearly explaining this scoring scheme to students, emphasising the low probabil-
ity of passing the test by pure chance, will modify the “definition of the situation” 
(Thomas and Thomas, 1928) and this, in turn, will influence the student’s prepara-
tion: the test is no longer a fertile social context for the appearance of rational play-
ers who make the most of their probability of answering correctly at random. 

However, it is worth concluding this article by drawing attention to the fact that, 
as Pes (2009) explains, the strategy of the student-player can be extended to the 
calculation of the optimal number of questions to answer when wrong answers are 
penalised. Following his advice, there are students who access repositories with all 
the tests taken to date in their subject (past UNED tests, for example, are available 
to members of its student body; see UNED, 2020). Thus, they study by memorising 
the questions that have historically appeared most frequently in the different exam 
sittings. If, on the day of the exam, enough of these memorised questions appear to 
make the pass mark, the best strategy is to not answer any other questions.

To avoid this subterfuge used not by the model student-player, but rather by 
the student-strategist who seeks to pass with the minimum effort, memorising 
mechanically and without mastering the content of the course, the teacher could 
encourage students to answer all the questions by penalising both the unan-
swered question and the incorrect answer equally. After all, if the assumption is 
made that each question has a correct answer, not answering a question is itself 
a wrong answer. In summary, the teacher could counteract the student-strat-
egist by scoring a display of knowledge positively and a lack of knowledge neg-
atively, represented by both an unanswered question and the incorrect answer. 
This grading scheme also addresses the concern of Muñoz Clares and Caballe-
ro Salinas (2019) regarding the differential treatment of unanswered questions 
and wrong answers (legal basis of the campaign to prohibit penalisation in the 
tests promoted by Icaro100, 2010).

In short, my proposal would establish a new definition of the situation where the 
student is aware of the need to study the course content seriously. Doing so will 
increase their probability of knowing the correct answer up to the maximum p = 1 
(absolute certainty), or up to an amount p higher than that which corresponds to 
pure chance. This is because those students who live up to their name and study 
will be able to restrict the possible correct answers to a subset of the original op-
tions. As Dehnad, Nasser and Hosseini (2014) recall, this situation, favoured by 
tests with three options per question where the conjecture is restricted to two op-
tions, no longer corresponds to an act of random guessing. It is now an “informed 
guess” with a final degree of success in direct relation to the intensity of study 
and the understanding of the subject. In other words, the multiple-choice exam is 
close to its ideal as an instrument to numerically assess the degree of knowledge 
achieved by the student.

A question related to the topic of this article that remains open for future contribu-
tions is posed by the different formats of multiple-choice questions that exist in ad-
dition to those with a single correct response option. Case and Swanson (2001) offer a 
systematic treatment of these alternatives, among which those questions with mul-
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tiple correct response options stand out (Palés-Argullós, 2010). Following Gaviria’s 
(2020) approach to the question, consideration might be given to how to score these 
other alternative test formats so that the student-player’s expectation remains at 
zero.
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Notes
1 With this case study presented in this article, the empirical result offered by the mean of a 
data set approximates the value of the expectation of the probability distribution when (a) the 
same student-player randomly takes a gamble in the exam n times, with n → ∞; or (b) there 
are a number k of students who answer the exam question at random, with k → ∞.

2 The Bernoulli distribution is the particular case of the binomial distribution for n = 1  tests. 
Subsequently, X∼Bernoulli (p) = B (1, p) and, therefore, the random variable is stated as 
success/correct answer (vs. failure/incorrect answer) and, implicitly, it is meant to mean “in a 
single trial or experiment”.
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