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Abstract. In multiple-choice problems, incorrect choices that hide correct
answer do not play the only significant function. A more significant function is
to capture learner errors and provide learners with the opportunity to amend
those errors. In this sense, explanation texts for incorrect choices might be
important in allowing learners to amend their own errors correctly. In this paper,
we term this “meaningful erroneous choice.” We confirm the existence of
meaningful erroneous choice through actual problems used in an examination.
We then compare choices using a technique of automatic problem generation.
The result indicates that the difference between correctness knowledge and
incorrectness knowledge plays an important role in problem posing.
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1 Introduction

Erroneous answers in multiple-choice problems not only make the correct answer more
difficult to determine, but also indicate why the correct choice is suitable and the
erroneous one unsuitable when compared to the correct answer. Munby [10] asserts
that erroneous answers should prompt learners to make careful considerations before
making their selection; in this scenario, learner instruction is affected by the selected
choice, and texts explaining the erroneous answers. We distinguish between “mean-
ingless erroneous distracters” (MDs) and “meaningful erroneous choices” (MCs). The
latter (MCs) stimulate learning through a ripple effect. For instance, MCs can explain
why an answer is incorrect, but MDs do not provide such an explanation, stating only
“because it differs in appearance from the correct answer.”

This paper attempts to explain the role of MCs as compared to MDs. Our approach
followed two steps. Firstly, we have surveyed and analyzed multiple-choice tests from
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actual learning material and examinations. Secondly, we have attempted to generate the
erroneous choices surveyed using a technique to generate multiple-choice tests. This
technique is one of Simulation of Erroneous Solutions (SES), which generates erro-
neous choices with explanations of the error through problem solving knowledge
written in Prolog. We have tried to confirm the differences in generating techniques
between meaningful and meaningless choices.

Through surveying erroneous choices in 80 multiple-choice tests, a university
teacher and a high school teacher have estimated the design intention of the tests and
analyzed the process of problem construction.

Our SES is a method of generating a solution from incorrect knowledge to incorrect
answer, through a perturbation from problem-solving knowledge to knowledge of
incorrect answer derivation. The perturbation is projected onto the design intention of the
teacher who creates the problem, and expresses the difference between the erroneous
solution and the correct solution. For instance, a 48-question and 128-explanation text
was automatically generated from 17 Prolog clauses regarding knowledge about SES.
The SES has the potential to generate relevant choices and erroneous solutions. In this
paper, we are concerned with the difference in perturbation that generates meaningful and
meaningless choices. Meaningful perturbation changes slightly correct solutions written
in Prolog and the latter perturbation randomly changes solutions. We also discuss the
differences between the explanation texts that were generated automatically by SES.

2 Analysis of Erroneous Choices

We analyzed actual problems randomly collected from an information technology engi-
neers’ examination in Japan. Two teachers, a university teacher and high school teacher
who create problems professionally, read all problems and discussed whether incorrect
choices should be categorized as MDs or MCs. They then selected MD or MC for each
choice. Incorrect choices were classified into the following five categories (A to E).

• A. Problems that require selection of concepts to satisfy any given conditions (16
problems and 48 choices)
All erroneous choices satisfy some part of the given conditions in a problem. For
example, Problem 1 below consists of three erroneous choices that satisfy the given
condition “protocol used on TCP/IP network.”

(Problem 1) Which of the following is a TCP/IP protocol that provides a bidirectional
interactive text-oriented communication facility using a virtual terminal connection?

(a) FTP
(b) HTTP
(c) SMTP
(d) TELNET

Therefore, all incorrect choices are recognized as MCs that can be generated by per-
turbation; such as changing some part of the knowledge. For example, incorrect choice
(a) FTP can be generated by changing “text-oriented communication facility” into
“computer file transfer facility.”

Analysis of Multiple-Choice Tests Through Erroneous Choices 363



• B. Problems that can be solved using procedural knowledge (32 problems and 96
choices)
An answer is obtained using a procedural solution, such as a calculated problem.

(Problem 2) When the manipulations shown below are executed for the empty stack,
which of the following are the appropriate remaining data in the stack?

(a) 1 and 3
(b) 2 and 5
(c) 1 and 5
(d) 4 and 5

Twenty-four incorrect choices are recognized as MDs because it is impossible to find
an adequate reason for error. Seventy-two incorrect choices are recognized as MCs. For
example, meaningful erroneous choice (d) in Problem 2 is obtained by replacing
“stack” with “queue.”

• C. Problems that require selection of an explanation
(42 problems and 126 choices)
Problems provide explanatory choices for a word given.

(Problem 3) Which of the following is the most appropriate explanation of DHCP?

(e) A protocol that automatically provides an IP address and networking parameters
(f) A protocol used in order to access a directory service
(g) A protocol that sends emails
(h) A protocol that converts a private address to a global address

All incorrect choices were recognized as MCs. Seventy-two incorrect choices
explained another concept that could be distinguished with a correct answer. Twenty-
four incorrect choices partially switched in explanation of another concept. Twenty-
four incorrect choices partially switched in the opposite meaning word. Six incorrect
choices partially switched in an explanation of similar concepts.

• D. Problems that require selection of a correct combination
(Eight problems and 24 solutions)
Problems provide a combination of relationships, such as causal relationship and
correlations.

(Problem 4) Which of the following is the appropriate combination of a threat and
countermeasure of information security? (The upper row shows a threat and the lower
row shows a countermeasure.)

(a) Logical data destruction by misoperation
Disk array

(b) Earthquake and fire
Data duplication in a machine using a virtual machine
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(c) Unauthorized access to data during transmission
CRC by HDLC

(d) Alteration of message
Digital signature by public key encryption

All incorrect choices are recognized as MCs. They are generated by switching in
another related concept or simply other concept which has no relation.

• E. Problem that requires selection of a correct order
(Two problems and six choices)
Problems provide the relationship of the order or position as choices.

(Problem 5) Which of the following is an appropriate order to establish ISMS of JIS Q
27001:2006?

1. Create an application declaration
2. Select management objectives for risk operation and control measures
3. Analysis and assessment of risk

(a) 1 -> 2 -> 3
(b) 1 -> 3 -> 2
(c) 2 -> 3 -> 1
(d) 3 -> 2 -> 1

All incorrect choices are recognized as MDs. The correct answer for Problem 5 is
choice (d). However, a reasonable cause of error cannot be found.

We have confirmed the existence of MCs in actual problems. Next, we consider the
difference between MDs and MCs in problem posing.

3 Simulation of Erroneous Solution

To consider the differences between MDs and MCs, we use a technique of automatic
problem generation. We have already proposed a technique to generate problems and
explanation of incorrect choices, called Simulation of Erroneous Solution (SES) [7, 11].
Currently, much research exists, for example, in an e-Learning context. Automatic
generation techniques that use text processing and statistical analysis [3, 6, 9], a corpus
thesaurus of general knowledge within a particular field [2, 5, 13], and domain ontology
[1, 4, 8, 12] have been suggested.While these techniques can automatically generate large
numbers of problems at a single time, SES can generate multiple-choice problems and
explanation texts for incorrect choices (see Fig. 1). Before this, SES used correctness
knowledge to solve the problem. This knowledge iswritten in Prolog, sowe can obtain the
correct answer by running the Prolog code. To express learner errors, we defined per-
turbation, which slightly changes the correctness knowledge to simulate learners’
incorrect solutions. This perturbation is also written in Prolog clauses. In this way, we can
obtain the incorrect answer and its explanation text, which is constructed of clauses in the
resolution process in Prolog with a template of explanation.
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Here, we start to prepare SES to generate Problem 2. Correctness knowledge is
shown in Fig. 2. It includes rules for stack and queue. The “Push” operation is the same
and the “Pop” operation is different.

The given condition in the problem is shown in Fig. 3. There, stack and the
procedure of push and pop are empty.

Next, we write down the perturbation for the learner’s error, such as misunder-
standing of stack and queue (see Fig. 4). When perturbation is added on top of cor-
rectness knowledge, the MC (d) and explanation text are generated.

Fig. 1. Outline of SES provides erroneous choices and explanations for the errors with
perturbation of correctness knowledge. Perturbation that slightly changes correctness knowledge
expresses learners’ erroneous solutions.

Fig. 2. Correctness knowledge for Problem 3

Fig. 3. Given conditions in Problem 3. When we execute this Prolog code with correctness
knowledge in Fig. 2, the correct answer and explanation text for the correct solution are generated.
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On the other hand, MD is randomly generated from a combination of list [1–3]
except for the correct answer [1, 3].

Thus, perturbation of correctness knowledge has a significant function for MCs.
Perturbation might be considered to capture learner errors in order to give the learner
important learning opportunities. In addition, perturbation might be considered to
express a teacher’s educational intention. Therefore, the teacher who created the
problem naturally writes down an explanation of the incorrect choice to lead a learner
to the correct solution.

Another example is shown below. A problem asks an adequate bio-indicator in river
(see Fig. 5). A perturbation shows learner’s typical misunderstanding about the relation
between electrical conductivity (EC) and dissolved matter in the river. Correct knowl-
edge is that EC is proportional to the amount of dissolved matter. Typical incorrect

Fig. 4. Perturbation of Problem 3. It shows a misunderstanding of stack and queue. When this
perturbation is added on top of correctness knowledge in Fig. 2, meaningful erroneous choice (d)
is obtained.

Problem: When the river’s EC is low, flow volume is also 
low, and upstream land is not used as forest. What is the 
bio-indicator? 

Correct answer Plecoptera
Erroneous answer  Corixidae
Erroneous answer   Chironomidae
Erroneous answer   Luciola

Text explaining the erroneous answer
Corixidae: Incorrect. If EC is low and flow volume is low, 
you should assume that a small amount of dissolved mat-
ter is present. Did you mistakenly think there would be a 
large amount of dissolved matter?
The correct understanding is that because EC and flow vol-
ume are low, a small amount of dissolved matter will be 
present. Since a small amount of dissolved matter is present 
and the upstream land is not used for forest, the water qual-
ity will be clean. As the water quality will be clean, the bio-
indicator will be Plecoptera. Therefore, the correct answer 

is Plecoptera

Fig. 5. An example problem which asks bio-indicator. A learner needs to know the relations that
the amount of dissolved matter is determined by upstream land use, flow volume, and electrical
conductivity (EC), and also that the bio-indicators are determined by water quality.
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knowledge is that EC is inversely proportional to the amount of dissolved matter.
Therefore perturbation is to change from direct proportion to inverse proportion. Such
perturbation can generate MCs which can have some explanation to fix typical mis-
understanding about the relationship between EC and dissolved matter. On the other
hand, random selection for bio-indicator or living things in river can generate MDs.
MDs cannot have no explanation about the error.

4 Conclusions

We have confirmed the existence of MCs through actual problems in an examination.
In addition, we have compared MCs and MDs with regard to perturbation of SES. We
believe that incorrect choices are not only distracters but also capture learners’ errors.
In future work, through automatic problem generation, perturbations for MCs should be
analyzed into categories and formulated.
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