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Abstract:  
Introduction: This article aimed at digging deep into distractors used for 

mathematics multiple-choice items. The quality of distractors may be more 

important than their number and the stem in a multiple-choice question. Little 

attention is given to this aspect of item writing especially, mathematics multiple-

choice questions. This article provides an engaging but succinct literature review 

on the development of plausible distractors for mathematics multiple choice 

items.  

Methods: A literature review was conducted on developing effective distractors 

for mathematics tests. The review explored potential strategies for generating 

distractors that effectively assess students' understanding and problem-solving 

skills in mathematics. 

Results: Alternative sources of distractors other than students’ misconceptions are 

provided to aid the development of plausible distractors for mathematics multiple-

choice items. 

Discussion: Practical guidelines for judging distractors fit for mathematics 

questions are provided to help teachers improve their item writing skills based on 

literature and experience as a mathematics teacher. Common pitfalls in distractor 

development were identified to enable mathematics teachers to have a clear path 

for their work.  

Limitations: This article focused on the development of plausible distractors 

specifically for mathematics multiple choice questions. 

Conclusions: Test constructors must ensure aligning the distractors with the 

objectives of each lesson in order to make the distractors relevant to the demands 

of the item.  
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Introduction  
Multiple-choice questions (MCQs) consist of a question or an incomplete 

statement, known as the stem, and a set of two or more options that contain 

possible answers to the question. The use of multiple-choice in assessing 

students’ knowledge has become more popular in recent times due to the 

following reasons: Teachers with a large enrollment find the ease of scoring 

MCQs appealing, and well-constructed MCQs can yield test scores as reliable as 

a constructed-response test, allowing for a quick assessment of a large portion of 

the course's content coverage (Bacon, 2003). The student’s task is to choose the 

option that provides the best or correct answer to the question posed. The best or 

correct answer is the key, and the remaining options are distractors. Only one 

option should be unequivocally correct, and the others should be unmistakably 

incorrect (Quagraine & Arhin, 2017). This description is the most appropriate for 

the options of a multiple-choice question. Distractors must be unambiguously 

wrong. Distractors should not confuse the test-taker, and they should be clearly 

and definitively incorrect. They should not be open to any other interpretation or 

discussion. If the distractors are not clearly and definitively incorrect, it can lead 

to confusion and uncertainty for the test-taker, making it difficult for them to 

accurately select the correct answer. This can ultimately undermine the validity 

and reliability of the assessment. Therefore, it is important for test writers to 

ensure that distractors are unambiguously wrong in order to effectively assess the 

test-taker's knowledge and understanding. The goal of distractors is to challenge 

students’ understanding while maintaining fairness and validity in assessment. 

It is relatively difficult to write MCQs, especially, creating excellent distractors 

(Quagraine & Arhin, 2017); it takes about twenty to sixty minutes to craft a 

quality multiple-choice item free from errors (Rush et al., 2016, as cited in Arhin 

et al., 2021). It is clear that writing MCQs is not a simple task; it becomes very 

elaborate when searching for or designing distractors that are plausible. For 

instance, when a mathematics teacher writes 50 MCQs with 5 options, he must 

tackle the challenging task of creating 200 distractors and 50 answers. In fact, the 

availability of high-quality distractors determines an MCQ's appropriate value. A 

successful distractor should be able to discriminate between informed and 

uninformed students. 

Mathematical literacy is a critical attribute for individuals who live more 

effectively as constructive, concerned, and reflective citizens. Each level of 

mathematics may contribute differently; however, the students attain 

complementary skills and knowledge as they transition from one class to the 

next. Mathematics, therefore, ensures a child's total cognitive development. This 
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necessitates the proper assessment of mathematical knowledge at all learning 

levels. The importance of mathematics in our lives leaves no room for poor 

assessment practices. Teaching and assessing students’ knowledge in 

mathematics is of utmost importance to society at large. A wide range of 

purposes can utilize test results, such as evaluating school districts' performance, 

comparing students to their national peers, diagnosing learning difficulties, 

selecting students for programmes, grouping students for instruction, planning 

instructional activities, and changing curriculum (Etsey, 1997). This necessitates 

that the test used to assess students be error-free, so that the test results can be 

supported. A valid test result is dependent on the quality of individual test items. 

Unfortunately, test constructors, both in low-stakes and high-stakes settings, 

regularly believe that excellent items are simple to craft. Research shows that 

effective item writing is a challenging process, and even the highest-stakes tests 

include poorly written items (Haladyna & Rodriguez, 2013). One drawback of 

MCQs is that they can encourage students to memorize answers by reusing 

stems, thus posing a threat to the validity of the test (Wood, 2009). This 

particular drawback necessitates that test writers rewrite the distractors to meet 

the lesson objectives and present them in a plausible way so that they can 

challenge students' understanding, particularly in mathematics. 

Most MCQ stem developers lack the expertise and training required to create 

high-quality MCQ stems (Tarrant et al., 2006). It is correct to infer from (Tarrant 

et al., 2019) that the inability to construct effective stems also includes 

distractors. The development of plausible distractors is a critical aspect of 

creating effective multiple-choice test items. Plausible distractors are the 

incorrect answer options provided alongside the correct answer (key), aiming to 

challenge students' understanding and assess their misconceptions or incomplete 

knowledge. Content specialists and test developers describe distractor 

development as challenging and daunting, yet the test development community 

seems to prioritize it less (Gierl, Bulut, Guo, & Zhang, 2017). Research on item 

development appears to take an imbalanced approach, prioritizing the task of 

creating the stem and correct option over the task of developing distractors. This 

paper contributes to literature by filling an important gap. Research on distractor 

development frequently focuses on languages, such as distractor generation in 

non-mathematical subjects like English (Susanti et al., 2018; Zu et al., 2023), but 

this work focuses on developing distractors specifically for mathematics tests. 

This article aims to conduct a literature review on a neglected area of multiple-

choice item construction: strategies for developing distractors that can 

distinguish between high and low achievers in mathematics tests. This article 

fills this gap in the literature, as most works on distractors are not specific to 

mathematics. 
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1 Literature review 

1.1 Importance of distractors to a multiple-choice item  

Most test developers and users believe that the stem and the correct option serve 

as the most important parts of MCQs (Thissen, Steinberg, & Fitzpatrick, 1989). 

Before teachers can analyze assessment results, they must create a valid and 

reliable assessment. While much effort is typically spent on crafting rigorous 

questions and identifying correct answers, developing incorrect answers 

(distractors) is equally important. Reflecting on distractors allows teachers to 

deeply consider the learning targets, potential student misunderstandings, and 

common mistakes. When writing an individual item, the number of potentially 

meaningful, relevant distractors is far more limited than the universe of items; 

the law of diminishing returns quickly takes hold. Once you've found three or 

four beneficial distractors, it becomes futile to find more (Wesman, 1971, p. 99-

98). 

Stiggins and DuFour (2009, p. 643) argue that teacher-made assessments are 

highly effective in determining student achievement because they allow teachers 

to combine their expertise to make informed instructional decisions based on the 

results. However, the results they refer to go beyond just the percentage of 

students who scored proficient. By thoroughly analyzing both correct and 

incorrect answers (distractors), teams can gain significant insights into students 

and their learning processes. Distractors help teachers provide additional 

instruction based on the most common errors made by individual students or 

groups (Popham, 2000, p. 244). 

According to Gierl, Bulut, Guo, and Zhang (2017), distractors produce an 

important part of the context required to solve a multiple-choice item that can 

affect item quality and learning outcomes. The implausibility of distractors 

compromises the measurement of examinees' knowledge of a particular subject. 

Distractors reflect the learning objective. Impossible distractors reduce the 

effective number of choices. Within this context, a complex relationship exists 

between the correct and incorrect options due to the fact that students are 

required to make a distinction among response options in order to select the 

correct response (Hambleton & Jirka, 2006). The effects of partial knowledge on 

response performance nurture this multifaceted relationship, which in turn 

interacts with the plausibility of each distractor and can affect the psychometric 

properties of the correct and incorrect options. 

Gierl et al. (2017) further indicated that this complex relationship (testing effect) 

between the correct and incorrect options can affect learning. When an 

assessment enhances memory retention, it triggers the "testing effect" (Roediger 

& Karpicke, 2006). Research has demonstrated that multiple-choice items can 

produce the testing effect by eliciting beneficial retrieval processes that, in turn, 
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result in improved performance on subsequent examinations. However, the 

testing effect's benefits are dependent on the quality of the distractors. 

Competitive multiple-choice questions, where the wrong answer could be true 

and shares important information with the right answer, help students remember 

things when they have to study for future tests that test information about both 

the right answer and the wrong answer (Little, Bjork, Bjork, & Angello, 2012).  

However, distractors unrelated to the correct option can introduce missing 

information into the assessment process, leading to a decrease in memory 

retention. The number of unrelated distractors used for an item can also 

adversely affect memory retention (Brown, Schilling, & Hockensmith, 1999; 

Butler et al., 2006). Most test developers have failed to establish the relationships 

distractors have with the knowledge of testees and, therefore, do not spend time 

and effort developing plausible distractors. 

Second, distractor analysis can assist test developers and instructors in 

understanding why students make mistakes, providing guidance for diagnostic 

inferences about test performance. For instance, distractor analysis can reveal 

students' misconceptions, which can then guide the type of instruction and 

remedial lessons required to overcome these errors in thinking, reasoning, and 

problem solving (Briggs, Alonzo, Schwab, & Wilson, 2006). Based on the 

results of distractor analysis, instructors can identify content areas that require 

improvement and provide students with remedial instruction. The selection of a 

distractor provides the teacher with hidden information about students learning 

that, hitherto, would have escaped the teacher’s watchful eyes. This calls for a 

more comprehensive analysis of all distractors. Non-functioning distractors are 

options that are rarely selected by examinees (<5%) or otherwise do not perform 

as expected. Therefore, we should either remove these options from the items or 

replace them with more plausible ones. A review of 477 functioning distractors 

across four MCQ assessments, revealed that students eliminated over 38% of 

these distractors due to a mere 5% selection rate (Haladyna & Downing, 1993).  

Overall, the percentage of items with three functioning distractors ranged from 

only 1.1% to 8.4% of all items. Conducting distractor analysis helps to sanitize 

the test and also gives the test constructor a deeper insight into the essence of 

constructing more functioning distractors. 

Third, distractors serve as gatekeepers for multiple-choice test items. A plausible 

distractor is capable of separating examinees who have learned the material from 

those who have failed to learn. The purpose of a test is to give students a more 

credible and objective picture of their performance with concrete feedback 

concerning their strengths and weaknesses. To be able to provide such lucid 

feedback to students regarding the use of MCQs, distractors must provide 

excellent services. Therefore, plausible distractors help to determine the depth 

and accuracy of students’ knowledge and identify gaps in their learning. A 
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function of formative assessment is to employ quality distractors when using 

MCQs. 

2 Assessing the quality of mathematics multiple-choice items 
Teachers frequently measure mathematics assessment based on the educational 

concepts of mathematical content, learning, and equity. These educational 

concepts may appear to contradict the usual psychometric, technical, and 

practical principles used to determine the quality of tests and other evaluations. 

Recently, there has been a growing trend to consider the concepts of content, 

learning, and equity as derived from the psychometric traditions of the past. We 

may never definitively address the quest for the defining features of a high-

quality mathematics test item. The literature on this subject has explored, 

espoused, and documented a variety of perspectives. Effective mathematics 

questions facilitate idea development, identify misconceptions, and present 

practical and theoretical applications (Massachusetts Department of Education). 

On the other hand, Romberg (1992) identified three primary thematic areas as 

criteria for evaluating effective mathematics questions as follows. 

2.1 Alignment with goals 

Good mathematics questions should align with mathematics education's goals. 

Consider whether the questions reflect the desired learning outcomes and 

curriculum objectives. Avoid questions that diverge from the intended focus. 

Test items should align with the contemporary understanding of the essence of 

mathematics. This perspective emphasizes the importance of students being able 

to recognize mathematical linkages in real-world problems and self-regulate their 

thought processes in order to solve problems effectively. Test items should align 

with contemporary knowledge of student learning. Current instructional theory 

posits that, students should be active participants in the learning process, 

responsible for constructing their own understanding. 

2.2 Authentic performance assessment  

Romberg (1992) emphasizes the importance of assessing authentic performance 

in mathematics. Authentic assessment goes beyond rote memorization and 

routine procedures. Questions should require students to apply mathematical 

concepts, solve problems, and demonstrate deeper understanding. Test items 

should be consistent with effective classroom instruction and not susceptible to 

manipulation or deviation from the curriculum. According to Hubbard (2001), 

effective mathematics items are ones that prompt students to contemplate 

outcomes rather than just achieve them. 
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2.3 Quality criteria 

Romberg (1992) suggest that mathematics item writers consider factors such as 

clarity, relevance, cognitive demand, and alignment with instructional goals 

when evaluating the quality of an item. Well-constructed questions challenge 

students’ thinking and provide meaningful insights into their mathematical 

abilities. Quality items promote students' development of relational knowledge, a 

process-oriented approach, and higher-level learning skills. Students' responses 

to high-quality questions should demonstrate the intellectual processes they used 

to solve them. Quality products motivate students to engage in both critical 

thinking and practical application (Hubbard, 2001). Well-posed questions and 

their answers will enhance a conducive setting for deep contemplation (Niss, 

1993). The quality of assessment questions directly impacts students’ learning 

experiences and the effectiveness of mathematics education. To maximize 

student learning, mathematics teachers must use quality items to assess students' 

mathematical knowledge, following Romberg's suggestions. 

3 Assessing the quality of distractors for mathematics MCQs 
Providing a definite list of criteria for judging the quality of a distractor is a non-

exhaustive and uphill task, and I make no claim to have accomplished it in this 

paper. Instead, this paper outlines some typical qualities to consider when 

creating distractors for a mathematics multiple-choice test. According to 

Goodrich (1977), some qualities are readily apparent; the general reasonability of 

a distractor as a possible solution to the question posed is perhaps the most 

fundamental requirement. Measuring the reasonability of a distractor may be 

accomplished in several ways. To avoid immediate exclusion, the difference in 

value between a distractor and the key is potentially a beneficial baseline; a 

distractor should be context-specific, similar in magnitude to the true solution. 

Zhang et al. (2020) state that an adequate distractor must meet the following 

criteria: (1) it must be an incorrect answer to the question; (2) it must be 

grammatically correct and consistent with the underlying article; (3) it must be 

semantically related to the correct answer; and (4) it must provide distraction, 

requiring some understanding of the underlying article to identify the correct 

answer. Even though Zhang et al. (2020) provided these criteria for judging the 

quality of a distractor do not relate to mathematics to a greater extent, these 

requirements tilt more towards language and social sciences. In a mathematics 

test, we can judge the quality of distractors using only two out of the four criteria 

given by Zhang et al. (2020).  

The importance of quality distractors reduces the likelihood of students arriving 

at the correct response by eliminating other choices and, equally important, may 

allow identification of widespread student misunderstandings or inclinations that 

could lead to curricular or instructional changes and improvements. A good 
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distractor can help to assess gaps in students’ understanding. Based on 

experience and literature, I suggest that distractors fit for mathematics MCQs 

should be guided by the following criteria: 

 

1.  Provide a rationale for each distractor  

For each distractor, write a rationale, such as a common misconception the 

response option represents or the process by which a student could have arrived 

at that incorrect answer. This will help the teacher to eliminate irrelevant or non-

functional options before the test will be administered. Also, it helps the teacher 

in classifying each distractor so that it explains why a student has selected and 

incorrect option.  

 

For example: 

Where does the graph of y= (χ – 1) (χ +5)2 cross the x-axis? 

A. -5 [the student takes the intercept from the wrong factor (χ + 5] 

B. -1 [the student uses the correct factor, but makes a mistake with the sign] 

C.  0 [the student thinks that crossing any axis means χ = 0] 

D.  1 [the correct answer]  

E.  5 [the student uses the incorrect factor, and makes a mistake with the sign]  

 

This will serve as a good feedback to the teacher and students. The provision of 

rationales for each option will enable immediate feedback to be given to 

students, thereby, facilitating interactive formative assessment where individuals 

are urged to analyse and learn from their mistakes (Zendesk, 2022). 

According to King, Gardner, Zucker, and Jorgensen (2004) Pearson’s distractor 

rationale taxonomy for mathematics indicates four levels of understanding: level 

one includes the most fundamental errors; levels two and three correspond to 

responses that, while incorrect, indicate increasing sophistication in the student’s 

response; and level four represents the correct response (key). Using the 

distractor rationale taxonomy, mathematics teachers can design distractors to 

contribute to an analysis of a student’s pattern of misunderstanding in 

mathematics. 

 

 

 

 

 

 

 

 

 



Acta Educationis Generalis 

Volume 14, 2024, Issue 3 

 

111 

 

Table 1 

 

A distractor rationale taxonomy for mathematics items  
Level of 

understanding  

Student Error  

Level 1 Makes errors that reflect combinations of conceptual misunderstanding and 

unfamiliarity with how to relate operational procedures to problem contexts. 

Student attempts to implement strategies that are unrelated to the task at hand. 
These errors may indicate that the student has an inordinate dependence on 

information that is explicitly stated in item stimuli, and is lacking the sophistication 

to correctly answer the question being asked. 
Level 2 Makes errors that reflect some sophistication and computational ability, but that 

demonstrate an inadequate conceptual framework and flawed reasoning in support 

of conclusions or inferences. 
Level 3 Makes errors that reflect definite levels of sophistication in analysis and conceptual 

knowledge, but that are flawed by inconsistent reasoning or computational 

weakness. 
Level 4 Correct response. 

 

An example of a mathematics MCQ using the distractor taxonomy in Table 1.  

 

Kofi spent GHc 222.46 to buy a climbing rope that sold for GHc3.50 per meter. 

What is the greatest number of meters of the rope he could buy at that rate? 

A. 7786.1 m  [Level 1: incorrect operation with place-value error] 

B. 778.61 m  [Level 2: incorrect operation, correctly applied] 

C. 635.6 m    [Level 3: correct operation with place-value error] 

D. 63.56 m*  [Level 4: correct response] 

 

2. The orientation (format) of the options must be different from the well-

known presentations  

Students some of the times are fixed to one way of presentation of mathematical 

operations. For example, brackets () can be used in place of multiplication (x) 

and also division (÷) can be replaced by /. In the presentation of options teacher 

are therefore to vary the usage of these operations. Students are used to this type 

of orientation  so instead of this presentation you can use  in providing 

options. This I have used often in mathematics test and you find students select 

the wrong options because the familiar presentations are not available. Also, 

instead of using (x) in this example 3a x 5c we can write it as 3a(5c) or 3a.5c.  
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For example:  

Rationalize  

A. 3 ÷ √6 

B. √6 ÷ 3 

C. √6 ÷ 2 

D. √3 ÷ √2  

 

3. It must agree with the stem (homogenous in content) 

The distractors must be homogenous with the stem, i.e., from the same area of 

content. The less homogenous the distractors the more easily they give away the 

key. That is, it is more difficult for test takers to discriminate between items that 

are parallel than items that are dissimilar. Options that are dissimilar from the 

correct answer may be easier to eliminate. This suggests that “test performance 

could result from test-wiseness rather than knowledge of the test material, 

(Ascalon, et. al., 2007). 

 

For example: 

Which of the following is a plane figure?   

a. Cube  

b. Cylinder  

c. Sphere  

d. Triangle  

 

The answer (triangle) is too obvious, the rest of the options are all 3-demensional 

figures. 

 

An improved version regarding the options:  

Which of the following is a plane figure?  

a. *Circle  

b. Sphere   

c. Tetrahedrone 

d. Triangular prism 

 

The student has to decide between circle and square. Circle is a round figure and 

has curved boundary. It’s two-dimensional but it’s not made up of straight lines.  

4. The key must be relevant to the stem's content 

Detailed content and cognitive domain descriptions must be organized for each 

item. Items aligned with the content topics and cognitive domains must be 
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designed to collect evidence about what students know and are able to achieve. 

This helps the classroom teacher to assess students’ performance.  

  

5. It must be capable of digging deep into the students' knowledge base 

The essential role of the incorrect options is to serve as the answer to students 

who did not achieve the learning outcome but ignored by students who did 

achieve the learning outcome. A distractor must be capable of preventing 

students from engaging in blind guessing. A student should not just eliminate a 

distractor without solving the problem at hand. If the distractors cannot 

‘painstakingly search’ into the student’s knowledge base, then the correct answer 

could be concluded easily. As a result, the discrimination of the question will be 

lowered, and the test will also lose the ability of the assessment. 

 

6. It has to be culturally and gender-sensitive to avoid bias 

A distractor must not favour or appeal especially to a group of students. Also, it 

should not seem to be negatively affecting a section of students. Distractors that 

are appealing to boys but unappealing to girls must be avoided. The bias review 

guarantees that distractors are clearly worded, are of appropriate difficulty and 

interest level, are unbiased, and will result in a full range of responses. A good 

question a teacher can ask: “Will these options favour or unfairly punish 

examinees on the basis of personal characteristics such as gender, race, ethnicity, 

religion, socioeconomic status, disability, or geographic region?” Distractors 

must be bias free. 

 

4 Errors committed by item writers 
A consequence of poorly constructed distractors is that it leads to inaccurate 

evaluation of students’ performance. Use between three to five alternatives per 

question. Research shows that three-choice items are about as effective as four or 

five-choice items, mainly because it is difficult to come up with plausible 

distractors. Limiting the number of options enhance item writing by preparation 

of fewer distractors and save examinee's time to complete exam (Haladyna, 

Downing, & Rodriguez, 2002; Tarrant, Ware, & Mohammed, 2009). 

Here are some common errors committed by test constructors when writing 

plausible distractors for mathematics tests. These errors reduce the plausibility of 

the distractors.  

1. Overly obvious distractors: Distractors that are obviously incorrect can 

make it simple for students to eliminate them, reducing the effectiveness of 

the multiple-choice item.  

2. Distractors unrelated to the concept under assessment can confuse students 

and result in an inaccurate assessment of their understanding. 
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3. Inclusion of correct elements: Distractors that contain elements of the 

correct answer can make it easier for students to identify the correct 

response. The inclusion of elements of correct responses will easily give the 

correct option out.  A test-wise student will quickly spot the correct option.  

4. Failing to consider students' common errors and misconceptions can lead to 

distractors who do not effectively assess their understanding.  

5. Distractors that don't sufficiently cover the range of concepts under 

assessment can reduce the multiple-choice item's validity.  

6. Failure to update distractors: Using the same distractors repeatedly without 

updating them can lead to familiarity and reduced effectiveness in assessing 

student understanding.  

7. Distractors that do not align with the specific learning objectives under 

assessment may not effectively measure students' mastery of the material.  

8. Using contradictory distractors: Contradictory distractors are those that 

negate the key or other options. For instance, if the answer is “a square is a 

rectangle” and there is an option which states that “a square is not a 

rectangle” is contradictory because it is false. To avoid this, ensure that 

each option is distinct and independent from the other options. 

For example, which of the following is a true statement about the function 

. The function is f(x)=xsinx. 

A. an even periodic function 

B. is even but not periodic 

C. *odd but not periodic 

D. an odd periodic function 

5  Strategies for developing distractors for mathematics MCQs 
When it comes to generating distractors for questions, there are various methods 

to consider, depending on the type and purpose of the question. For instance, you 

can create distractors for mathematical items by altering the sign, unit, order, or 

magnitude. In recent times distractors can be generated using automated 

algorithms but majority of classroom teachers cannot afford this sophisticated 

method of generating distractors. Existing works conduct some attempts on 

generating short distractors (Stasaski & Hearst, 2017; Guo et al., 2016). 

Therefore, there must be a way to help mathematics to generate plausible 

distractors. 

1. Distractors could be based on common misconceptions or errors that 

students are likely to make when solving a problem. For example, in a 

question about fractions, a distractor could be a common error, such as 
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adding the numerators and denominators instead of finding a common 

denominator.  

 

Question: If a cake recipe calls for ⅓ cup of sugar and you want to double 

the recipe, how much sugar will you need? 

A.  cup  

B.  cup 

C.  cup  

 

2. Related concepts: Distractors could be based on related mathematical 

concepts that are similar to the correct answer but not exactly the same. 

This strategy focuses on similarities between the answer and distractors. 

The key is manipulated to provide new set of options which become the 

distractors. For example, the key can be negated, multiplied or divided by a 

factor. Here the item writer will exercise his/her discretion as to how to 

manipulate the key. Unlike the first strategy this is not based on common 

errors or misconceptions. Because of this limitation students with 

incomplete knowledge on the topic may be able to guess the correct option. 

According Dave, Owen, Pursel, and Giles (2021) some common ways to 

manipulate the key are listed below: 

- Change One Sign: Randomly pick one coefficient or constant in an 

equation / inequality and multiply by -1. 

- Change Two Signs: Randomly pick two coefficients or constants of an 

equation/inequality and multiply by -1. 

- Most Frequent Number: Use the most frequent number in the 

equation/inequality as a distractor. 

- Nearest Multiple: Randomly pick a coefficient or a constant in an 

equation/inequality and change it to the nearest multiple of 2, 3 or 5. 

- Random Drop: Randomly drop one of the coefficients or constants in an 

equation/inequality. 

- Invert Range: Invert the solution range of the inequality, e.g., change [0, 

1] to (-∞, 0) ∪ (1, ∞). 

- Trivial Solution: For inequality problems, one of the distractors can be 

chosen from {φ}, (-∞, ∞), or No Solution. For equations, choices are 

from 0, -1 or 1-. 

- Flip brackets: Change an open bracket in answer to closed and vice and 

versa. In the question, order of operations can be changed by changing 

the position of brackets. 
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3. Incorrect operations: Distractors could be based on applying the wrong 

mathematical operation to the given problem. For example, in a question 

about order operations, a distractor could be the result of adding instead of 

subtracting or multiplying instead of dividing.  

 

For example: 

Question: Solve: 10 ÷ 2 + 3 - 5 x 1  

A.  5   

B.  3  

C.  0  

D. -3  

 

Overall, developing plausible distractors for mathematics multiple choice items 

requires a deep understanding of students' misconceptions, common errors, and 

related mathematical concepts in order to effectively assess their understanding 

and problem-solving skills. The test constructor’s ability to align the items to the 

requirements of the curriculum is key. Crafting effective distractors requires 

careful consideration, especially in mathematics. By following these principles, 

educators can create high-quality MCQs that accurately assess students 

understanding and problem-solving abilities.  

6 Negative practices in writing distractors 

These are errors that test constructors often commit during item writing, and they 

affect the quality of distractors. Test writers use two such errors in the hope that 

it will help them develop plausible distractors. 

Extraneous information: The stem may include irrelevant or extraneous 

information (window dressing), which may confuse students and lead them to 

choose the wrong answer. In the context of MC item stem construction, the term 

"window dressing" refers to extraneous information, such as words, phrases, or 

entire sentences that are not relevant to the question's stated problem (Board & 

Whitney, 1972). For example, in a question about solving word problems, a 

distractor could include unnecessary data that does not affect the solution. This 

approach to writing distractors is disingenuous in the sense that the test 

constructor has provided irrelevant information with the sole aim of confusing 

the students. All item writers should avoid using window dressing (excessive 

verbiage) (Haladyna et al., 2002). MCQs containing window dressing (or excess 

verbiage) have increased difficulty, are less reliable, and are less valid (Koepf, 

2018). Parkes and Zimmaro (2016, p. 34-23) contend that window dressing can 

negatively affect validity by confusing the student, as well as causing the student 

to “spend time reading and deciding on the relevance of the information in which 

they don’t actually need to engage in order to answer the question”. 
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Ambiguous language: Using ambiguous or vague wording can create 

distractions, potentially leading to multiple interpretations of the problem. For 

instance, ambiguous language in a probability question could serve as a 

distractor, making it unclear what event the question is asking for. Ambiguous 

stems affect the ability of students to answer a question correctly. Ambiguous 

questions can confuse even knowledgeable students and cause them to answer 

incorrectly. Therefore, we must completely avoid using an ambiguous stem, as it 

invalidates the test. 

7 Implications for practice 
Developing plausible distractors for mathematics multiple choice tests is a 

crucial aspect of creating high-quality assessments to effectively assess students' 

mathematical understanding and problem-solving skills. The purpose of 

assessment is to diagnose, instruct, and grade students. If not done properly, the 

consequences of using assessment are grave. In order to achieve maximum 

impact, it is imperative to get the right mix of things regarding student 

assessment. Diagnostic decisions are made about individual students, as well as 

about group needs. Gathering information in a specific area enables the teacher 

to identify areas of progress and focus attention. The assessment results dictate 

the type of instruction provided, and conversely, the type of instruction 

influences the types of assessments used and their outcomes. Grades serve as a 

form of motivation for students and also provide feedback to parents, stemming 

from the quality of the assessment. All these decisions are based on credible 

measurement information, which requires an assessment tool devoid of errors 

that can easily be prevented by creating plausible distractors. Finally, there is 

general mathematics anxiety among students at all levels of education. It can 

stem from a variety of factors, including past negative experiences, a lack of 

confidence in one's abilities, fear of failure, and societal pressure. However, the 

list often overlooks poor assessment practices, as a contributing factor to 

mathematics anxiety. Poor assessment practices may include using inappropriate 

item formats and not adhering to suggestions for writing test items, resulting in 

poor-quality items. According to Arends, Winnaar, and Mosimege (2017), 

teachers’ clarity, communication skills, content knowledge, and assessment 

procedures significantly impact students’ achievement in mathematics. 

Conclusions  
In conclusion, the development of plausible distractors for mathematics multiple-

choice questions is both art and science. The science of creating distractors 

includes the recent development of automated distractors. Creating distractors is 

also a multifaceted task that requires careful consideration of various factors, 

including difficulty, discriminative ability, and the impact on student 
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performance. The test constructor must align the distractors with the objectives 

of each lesson to make them relevant to the item's demands. 

The literature underscores the importance of creating functioning distractors and 

the potential impact of distractor quality on assessment validity. Multiple-choice 

items written using the mathematics distractor rationale taxonomy are capable of 

revealing a student’s breakdown in understanding through the incorrect 

responses selected by the student. An assessment system that incorporates this 

methodology, can indicate a student’s instructional needs in a subject area or the 

behavioural outcome and thereby contribute to the development of a special 

intervention plan. 

It also important that test constructors, whether classroom or high-stakes, to 

invest resources in developing plausible distractors that effectively assess 

students' mathematical understanding and problem-solving skills. Further 

research should focus on the use of automated-generated distractors in 

mathematics to simplify the assessment process for teachers. Finally, there is a 

need for more research on distractor performance in multiple-choice tests from 

different perspectives, including observational and item-analytic viewpoints. 

Furthermore, we should conduct research at various educational levels, from pre-

school to university. 
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