
 
 

 

 

  
Abstract— There are a variety of multiple-choice test methods 

nowadays viz. conventional multiple-choice, liberal 
multiple-choice, elimination testing, confidence marking, 
probability testing, and order-of-preference scheme. However, 
there are no findings identifying the best test method for use. 
Though the multiple-choice test is a task of human decision 
making of selecting the correct answer amongst several 
alternatives, the application of signal detection theory for 
quantitative analysis of one’s performance in the test has not 
been used. Therefore, a study plan on multiple-choice test is 
proposed here to fill the gap in the literature. This paper would 
provide a clearer picture on the multiple-choice test methods and 
thus facilitate people to conduct effective assessments in various 
subject areas. 

 
Index Terms— multiple-choice test, signal detection theory, 

sensitivity, response criterion 

I. INTRODUCTION 
Today multiple-choice test is the most common and widely 

used assessment tool for the measurement of knowledge, 
ability and complex learning outcomes [1,2]. A 
multiple-choice item usually consists of a stem which presents 
a problem situation, and several alternatives which provide 
possible solutions to the problem. The stem may be a question 
or an incomplete statement. The alternatives include the 
correct answer and several plausible answers called 
distracters.  

There are various kinds of research studies to determine the 
optimal number of alternatives for multiple-choice items [3], 
position of the correct answer(s) in multiple-choice items [4,5], 
multiple-choice item-writing guidelines [6,7,8], and 
male-female differences in multiple-choice tests [9,10,11].  

In this paper, a review on multiple-choice test methods is 
presented. Previous studies on the comparison of different 
multiple-choice test methods are examined. The application of 
signal detection theory for quantitative analysis of one’s 
performance in multiple-choice items is also recommended. A 
future study plan on multiple-choice methodology based on 
the review is then proposed. This paper would allow people 
know more about multiple-choice test methods and thus 
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facilitate them to conduct more effective assessment tests.  

II. MULTIPLE-CHOICE TEST METHODS 
A conventional multiple-choice test is one of the most 

widely used assessment methods. When faced with a question 
in a conventional multiple-choice test, a candidate must 
evaluate each option and choose the most appropriate one. The 
candidate’s test score is usually calculated by tallying the 
number of correct responses in the test, and is used as a 
measurement of the candidate’s knowledge of the materials 
and contents covered by the test. However, the number of 
correctly answered questions may be composed of two 
numbers: the number of questions where the candidate 
actually knows the answer, and the number of questions where 
the candidate correctly guesses the answer. Sometimes, the 
candidate knows only part of the answer or is uncertain of the 
answer. But this partial knowledge is not captured or taken 
into consideration in the conventional multiple-choice test 
method.  

The limitations of conventional multiple-choice test method 
have been noted and alternative methods for administering 
multiple-choice tests that increase the complexity of 
responding and scoring have been introduced. There are a 
variety of multiple-choice test methods nowadays to 
discourage scoring by guessing and give examinees an 
opportunity to reflect the partial knowledge actually possessed 
by candidates. Appendix 1 summarizes the multiple-choice 
test methods commonly used in previous studies from 1990 to 
2008. Details of the instruction and response modes and 
scoring rules are also given. Liberal multiple-choice test 
allows candidates to select more than one answer to a question 
if they are uncertain of the correct one. The term ‘liberal’ is 
used to denote the extra dimension of choices. A method 
which turns out to be a variation of the liberal multiple-choice 
test is elimination testing [12,13]. This requires candidates to 
select the answers which they believe are wrong, rather than 
selecting those they believe are or may be right.  

To take into account the confidence levels that examinees 
have in their answers, confidence marking has been proposed. 
Candidates have to assign a confidence level to their best 
answer to each question. Being able to properly judge the 
confidence of one’s answers is an important part of being 
knowledgeable in some professions like medical [14]. 
Probability testing is a complicated version of confidence 
marking [2]. Examinees are instructed to allocate 100 points 
among all given options so as to reflect their subjective 
probability of being correct. Complete ordering is a special 
version of probability testing [2]. All alternatives have to be 
ranked according to their degree of plausibility. In partial 
ordering candidates are instructed to select one answer, if sure. 
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If unsure, they are instructed to rank all feasible responses in 
order.  

Permutational multiple-choice question is one in which 
each question consists of a two-part stem and N alternatives. 
The two parts of the stem must ask about closely related issues. 
The alternatives include two correct answers and N-2 
distracters. Examinees must match up each stem with the 
appropriate key in order to answer the question correctly.   

The above multiple-choice test methods are used in 
different levels of extent for assessment purpose. The response 
mode of the permutational multiple-choice question is quite 
different from others. Conventional multiple-choice, liberal 
multiple-choice, and confidence marking are three typical 
one-stem multiple-choice methods. The liberal 
multiple-choice test works in the way of elimination testing. 
However, it is preferable to the elimination testing as it 
encourages examinees to think positively rather than 
negatively [12]. Confidence marking, probability testing, and 
order-of-preference scheme are corresponding to each other, 
and confidence marking is the simplest version.  

III. COMPARISON OF MULTIPLE-CHOICE TEST METHODS 
There are a variety of multiple-choice test methods 

nowadays. Comparison of alternative multiple-choice test 
methods with respect to conventional one has been reported. 
Order-of-preference scheme is a variation of confidence 
marking. Both order-of-preference scheme and confidence 
marking are better than conventional multiple-choice [15, 17]. 
Alnabhan [15] found that partial ordering produced higher 
reliabilities than the traditional method, and produced the 
highest validity coefficients. Swartz [17] revealed that 
confidence marking offered advantages over traditional form 
in terms of measurement accuracy.  

Elimination testing is equivalent to liberal multiple-choice. 
Both liberal and elimination methods are better than 
conventional one [13, 16]. Liberal multiple-choice was found 
to reward partial knowledge more generously and punish 
misinformed examinees more severely than conventional one 
[16]. Bradbard et al. [13] found that in elimination procedure, 
the chance of guessing is reduced and partial knowledge is 
measured.  

A comparison of conventional multiple-choice, elimination 
testing, confidence marking, probability testing, and 
order-of-preference scheme was made by Ben-Simon et al. [2]. 
But none of the methods emerged as the best. 

To sum up, the current findings could not help us identify 
which multiple-choice method is the best to use. A 
comprehensive evaluation on the typical multiple-choice 
methods (i.e. conventional, liberal, confidence marking) has 
not been seen in a single study.    

IV. SIGNAL DETECTION THEORY 
Signal detection theory is applicable to the problem as one of 
discriminating between two types of stimulus, a signal and 
noise [18]. Noise is an element which may influence subjects’ 
detection of signal and contributes to the uncertainty of 

decision. The correct acceptance of a stimulus as a signal is 
referred to as a hit. The incorrect acceptance of a non-signal is 
called a false alarm, whereas the incorrect rejection of a true 
signal is called a miss. The individual’s actual ability to 
discriminate true signals from non-signals is called sensitivity. 
The setting of the individual’s accept/reject criterion level is 
referred to response criterion.  

The signal detection theory framework has been applied to 
practical situations like sonar target detection, industrial 
inspection tasks, medical diagnosis, eyewitness testimony, and 
air traffic control [18]. McGuinness [19] applied signal 
detection theory for quantitative analysis of situational 
awareness with true/false probes. DeCarlo [20] found that 
signal detection theory offers a basis for understanding rater 
behaviour with respect to the scoring of construct responses. 
 In the multiple-choice methods, human make decisions of 
selecting the correct answer amongst several alternatives. The 
application of signal detection theory for quantitative analysis 
of one’s performance can help us understand the behaviour 
and strategy in the process of decision making. The analysis 
results would let instructors and trainers know what accounts 
for a candidate’s hit rate. Is the candidate as good as any other 
at discriminating the correct answer from distracters? Does the 
candidate over accept distracter as correct? It seems that 
research should be conducted to investigate the application of 
signal detection theory for quantitative analysis of human 
performance in multiple-choice tasks. 

V. PROPOSED STUDY 
Based on the above literature review, it is noted that the 
current findings cannot identify which multiple-choice method 
is the best to use. The three typical multiple-choice methods 
have not been compared and examined in a single study. In a 
multiple-choice assessment, subjects are required to 
discriminate the correct answer amongst several alternatives. 
The application of signal detection theory for quantitative 
analysis of one’s performance in multiple-choice test has 
never been examined. To fill the gap in the literature, there is a 
need to conduct a research study which more thoroughly 
investigates the conventional multiple-choice test, liberal 
multiple-choice test and confidence marking considering 
reliability, signal detection theory, and subjective preference. 
The proposed study will be conducted in a quiz in an 
Ergonomics course.  

A. Subjects 
Students who are registered for a course in Ergonomics in 

the City University of Hong Kong will serve as subjects.   

B. Instruments 
A test will be administered using three different 

multiple-choice methods (conventional, liberal and confidence 
marking). The test will have 20 multiple-choice items with 
five options per item. Quiz paper, answer sheet and feedback 
questionnaire will be designed and developed for this study. 

(i) Quiz paper. The response mode and scoring rule for 
each test method is given and illustrated with examples at 
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the beginning of the quiz paper. Then the quiz paper 
shows 20 multiple-choice questions that are created 
based on lecture materials on human information 
processing and icon usability. Each question has five 
alternatives which include the correct answer and four 
distracters. The position of correct answer in each 
question will be randomized. The sequence of questions 
on the topics of human information processing and icon 
usability will also be randomized.  
(ii) Answer sheet. A one-page answer sheet will be 
designed for subjects to answer every multiple-choice 
item in conventional, liberal, and confidence marking 
methods effectively.  
(iii) Feedback questionnaire. To collect students’ 
feedback about the multiple-choice test methods, a 
one-page feedback questionnaire is developed. Students 
are asked whether they have any previous experience 
with the multiple-choice methods. Then students assess 
whether the methods really examine their knowledge and 
evaluate the design, complexity, overall ease of use, and 
measurement fairness of each method on nine-point 
Likert scales. The general preference for each method is 
also rated.  

C. Procedure 
After the completion of the lectures on human information 

processing and icon usability, students are notified that a 
multiple-choice quiz will be conducted two weeks later. 
Students are allowed to take these two weeks for revision. The 
quiz will be limited to 30 minutes. The response mode and 
scoring rule of each multiple-choice test method are briefed 
with examples at the beginning of the quiz.  Students will also 
receive a complete description on the multiple-choice test 
methods a week before the quiz. For each question, students 
are asked to pick one choice only in a conventional method. In 
liberal method, students are asked to select more than one 
choice if they are uncertain of the correct one. In confidence 
marking method, students assign a confidence level within 0% 
(no confidence) to 100% (confidence) to their best choice. 
Immediately following the quiz, all respondents completed a 
feedback questionnaire regarding the experimental methods.  

D. Data analysis 
In the conventional multiple-choice method, a correct 

answer is scored 1, and an incorrect answer is scored 0. In the 
liberal multiple-choice method, a correct score is scored 1, and 
an incorrect answer is scored -1/3. In confidence marking, the 
confidence level is the mark awarded if a student’s choice is 
correct, while the corresponding negative mark is awarded for 
an incorrect choice. The liberal multiple-choice method and 
confidence marking can yield negative scores as they penalize 
incorrect answers. To allow meaningful comparisons amongst 
the multiple-choice test methods, all scores will be subjected 
to linear transformations prior to further analyses.  

The distribution of subjects’ performance on each 
multiple-choice method will be evaluated. Cronbach’s 

coefficient alpha will be used to estimate the quiz reliability of 
each testing method. To identify which multiple-choice 
method would let candidates achieve better performance in the 
quiz, the differences amongst subjects’ performance on the 
three multiple-choice methods will be evaluated with analysis 
of variance.  

Signal detection theory is applied for quantitative analysis 
of one’s performance in multiple-choice items. This proposed 
research is the first study explored on this matter. In a 
multiple-choice method, the hit rate and false alarm are found 
for each student first and the measures of sensitivity and 
response criterion for each student are then evaluated. Box 
plots of students’ sensitivity measures in the three 
multiple-choice methods are created to investigate whether 
one candidate is as good as any other at discriminating correct 
answer versus distracters.  

According to the signal detection theory, the positioning of 
response criterion by a subject results in a signal to noise ratio 
- beta, which is useful for describing subject’s strategy of 
determination of signal presence [18]. A ratio greater than one 
corresponds to a conservative strategy and leads to fewer hits 
and fewer false alarms, while a ratio less than one indicates  a 
risky strategy. With a risky criterion, the subject would have a 
consistent tendency to wrongly accept a distracter as the 
correct answer. To explore which strategy (conservative or 
risky) would let students achieve better performance in a 
multiple-choice assessment, the effect of response criterion on 
multiple-choice performance will be studied with students’t 
test. 

The feedback questionnaire is used for obtaining the 
students’ evaluation of and attitudes toward the testing 
methods. The influence of previous experience with a 
multiple-choice method on the corresponding multiple-choice 
performance will be studied. The relationship between 
feedback rating and multiple-choice performance is examined 
by using correlation analysis. The findings would help 
determine ‘good multiple-choice method’ as perceived by the 
students.  

E. Recommendations and applications 
This proposed research is the first study to explore the 

application of signal detection theory for quantitative analysis 
of one’s performance in multiple-choice items. The box plot of 
candidates’ sensitivity measures would be an effective tool to 
assess whether one candidate is as good as any other at 
discriminating correct answer versus distracters. Candidates 
who have a consistent tendency to wrongly accept a distracter 
as the correct answer would be identified by the measure of 
response criterion. The response criterion effect on 
multiple-choice performance would be identified. 

In this proposed study, the reliability of each 
multiple-choice method would also be determined. The 
candidates’ evaluation of and attitudes toward the testing 
methods would be obtained. Overall, the research findings 
would provide a clearer picture on the common 
multiple-choice methods and facilitate people to conduct more 
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effective assessments in various subject areas. 

VI. CONCLUSION 
Today there are a variety of multiple-choice test methods for 
use in assessing subjects’ knowledge and decision ability:  
conventional multiple-choice, liberal multiple-choice, 
elimination testing, confidence marking, probability testing, 
and order-of-preference scheme. However, current findings 
still could not enable examiners to identify which 
multiple-choice test method is the best to use. The application 
of signal detection theory for quantitative analysis of one’s 
performance in multiple-choice items has never been used. A 
study plan on multiple choice is proposed here to fill the gap in 
the literature. This paper would let people be familiar with 
multiple-choice test methods and thus facilitate people to 
conduct more effective assessment tests. 
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Appendix 1 Summary of multiple-choice test methods commonly used in previous studies from 1990 to 2008 
Test method Instruction and response 

mode 
Scoring rule Reference 

Conventional 
multiple-choice 
test 

Candidates are told to pick 
one of the N choices. 
 

1 mark is awarded for a correctly chosen option while 0 mark is awarded for an incorrectly 
chosen one. Negative marking and normalization are used to counteract the effect of lucky 
guesses. 

 

Liberal 
multiple-choice 
test 

Allow candidates to select 
more than one answer to a 
question if they are uncertain 
of the correct one 

Hobson and Ghoshal (1996) 
For a 5-choice test, award 3 points for a single correct answer. Candidates who choose two 
answers including the correct one get 2 points; candidates who choose three answers 
including the correct one get only 1 point.  
 
Bush (2001); Jennings & Bush (2006) 
In a question with N options and one correct answer, 1 mark is awarded for a single 
correctly chosen option and -1/(N-1) for an incorrect one 
 
Frandsen and Schwartzbach (2006) 

 
where 
S axioms (k,a,c): a numeric function assigns a score to a single multiple-choice question 
k : the number of possible options 
a: the number of checked options 
c: a Boolean indicating whether one of the checked options is the correct one 
 

[12, 16, 21, 22] 
 
 

Elimination 
testing 

Candidates are asked to mark 
as many incorrect options as 
they can identify in a question 
with N options 
 

1 point is awarded for each incorrect choice that is identified, but N-1 points are deducted if 
the correct option is identified as incorrect.  

[2, 13]  

Confidence 
marking 

Candidates have to attach a 
confidence level to their best 
answer to each question.  
 

Hassmén and Hunt (1994) 
For each question, candidates gain 
+10 for ‘correct answer & almost guess’ 
+27 for ‘correct answer & probable guess’ 
+37 for ‘correct answer & neutral’ 
+45 for ‘correct answer & fairly certain’ 
+50 for ‘correct answer & almost certain’ 
+5   for ‘wrong answer & almost guess’ 
-4    for ‘wrong answer & probable guess’ 
-16 for ‘wrong answer & neutral’ 
-32 for ‘wrong answer & fairly certain’ 
-60 for ‘wrong answer & almost certain’ 
 
Gardner-Medwin (1995) 
The confidence level (1, 2 or 3) is the mark awarded if their answer is correct, while 0, -2 or 
-6 (respectively) is awarded otherwise.  Candidates are told to choose level 2 unless they 
are very confident (>80% chance of being right), when they should choose level 3, or 
rather hesitant (<67% chance of being correct), when level 1 is appropriate. 
 
Davies (2002) 
For each question, candidates award  
+5 for ‘very confident & right answer’ 
+3 for ‘fairly confident & right answer’ 
+1 for ‘not confident & right answer’ 
-2 for ‘very confident & wrong answer’ 
-1 for ‘fairly confident & wrong answer’ 
  0 for ‘not confident & wrong answer’ 
 

[2, 10, 14, 23, 
24, 25, 26] 
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Test method Instruction and response 
mode 

Scoring rule Reference 

Probability 
testing 
 

Candidates are instructed to 
allocate 100 points among all 
the options so as to reflect 
their subjective probability of 
being correct. 
 

The item’s score is the probability assigned to the correct answer.  
 

[2] 

Order-of-preferen
ce scheme 

Complete ordering:  
All N options have to be 
ranked according to their 
degree of plausibility 
 

The item’s score is N-r, where r is the rank given to the correct answer.  [2] 
 

 Partial ordering: 
Candidates are instructed to 
select one answer, if sure. If 
unsure, they are instructed to 
rank order all feasible 
responses 

Ben-Simon et al. (1997) 
The score per item is determined by (N-r) – [(m-r) / (N-r)], where N is the number of 
options, r is ranking awarded to the correct answer and m is the total number of options 
selected and ranked.  
 
Alnabhan (2002) 
For each multiple-choice question (with 4 alternatives), the scoring procedure was as 
follows. 
If 1 alternative was selected, award +3 for correct response included and -1 for correct 
response not included; 
If 2 alternatives were selected, award +2 for correct response included and -2 for correct 
response not included; 
If 3 alternatives were selected, award +1 for correct response included and -3 for correct 
response not included. 
 

[2, 15] 
 

Two-stem 
multiple-choice 
question / 
Permutational 
multiple-choice 
question (PMCQ)  

A PMCQ typically has a 
two-part stem, and N putative 
answers: two of which are 
keys and N-2 are distracters. 
The two parts of the stem 
must ask about closely related 
issues. 
 

All-or-Nothing Rule: To answer the question correctly, the candidate must match up each 
stem with the appropriate key. 

[27, 28] 
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