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Abstract

A variety of ’best practice’ guides to multiple choice question writing exist in the literature, each
commonly containing a set of specific recommendations. One such recommendation entails the use of
’none of the above’ (NOTA), with some authors discouraging and others advocating its use on multiple
choice tests. Empirical research on the use of NOTA has produced mixed results regarding its effects on
a question’s difficulty and ability to discriminate between high-performing and low-performing students.
Many of these empirical studies are conducted in the laboratory, or in relatively small classrooms. In
the current study, we assess the effect of NOTA on question difficulty and discrimination in a large
Introductory Psychology classroom. We find that NOTA increases question difficulty, but only when
it is used as the correct response to the question. Moreover, we find no effect of NOTA on a question’s
discrimination ability. These findings serve to clarify the effect of NOTA on multiple choice questions
in true classroom environments.
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Introduction

Multiple choice tests have become a common form
of assessment in undergraduate education, and al-
most every undergraduate student will complete a
multiple choice test at some time during their de-
gree. A typical multiple choice question consists
of a stem, where the question is posed to the stu-
dent, and a series of options. Within the options is
the key, which is the correct response to the ques-
tion, presented with a set of typically two to four
distractors. The student receives a mark if they
select the key and not a distractor. With a typ-
ical multiple choice question containing one key
and three distractors, students can guess the cor-
rect response 25% of the time even if they have no
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knowledge of the content. For this reason, a vari-
ety of methods have been developed to correct for
guessing (Diamond and Evans, 1973; Frary, 1988;
Budescu and Bar-Hillel, 1993). Conversely, oth-
ers argue that guessing should not be a significant
concern for test writers because students with a
moderate level of engagement in the course mate-
rial will rarely engage in truly random guessing,
instead opting to eliminate distractors and select
amongst the remaining responses (Ebel, 1968). In
this way, multiple choice testing does, to some de-
gree, test every students’ knowledge of the course
material.

Given the ubiquity of multiple choice tests, it should
not be surprising that a number of ”best prac-
tice” guides for question writing have been pro-
duced (for a review see Haladyna et al., 2002).
These guides generally consist of a large num-
ber of recommendations, such as posing the stem
as a question or avoiding clues to the correct re-
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sponse. However, questions with significant flaws
remain common on most multiple choice assess-
ments (Jozefowicz et al., 2002; Downing, 2002,
2005). For example, in a sample of examina-
tions distributed to first and second year medi-
cal students, (Downing, 2005) found flaws in 46%
of the total questions, with the number of flaws
per test ranging from 36% to 65%. These flaws
were derived from the recommendations of Hala-
dyna et al. (2002) and include unfocused stems,
stems worded in the negative, and the use of ’all
of the above’ among others. Flawed questions are
a significant concern, as they have been shown to
negatively impact student learning and to dispro-
portionately hinder the performance of the most
knowledgeable students over others (Downing, 2005;
Tarrant and Ware, 2008).

Another concern regarding guides for multiple choice
question writing is that the suggestions therein
are infrequently based on empirical research (Frey
et al., 2005). Although some progress has been
made in recent years, there still remains a clear
need for empirical research on common practices
in multiple choice test writing. This is the goal
of the present study, in the context of one pop-
ular multiple choice option - none of the above
(NOTA).

Multiple choice test writers are decidedly split in
their opinions on the use of NOTA. In their re-
cent review of test writing guidelines, Haladyna
et al. (2002) note that 48% of authors believe
that NOTA should never be used, while 44% be-
lieve that NOTA has its place in multiple choice
tests if implemented thoughtfully. Authors who
advocate the use of NOTA cite its ability to in-
crease question difficulty as a favourable outcome
(Frary1991). One of the most common arguments
against the use of NOTA is that it can reward stu-
dents with no knowledge of the course content.
Gross (1994) points out that when NOTA is the
key, a student who does not know the true re-
sponse can select NOTA and receive equal credit
to a student who did know the true response. He
goes on to argue that any question format that
rewards students with incorrect information is in-

herently flawed and should never be used.

Empirical research has also produced mixed re-
sults on the effect of NOTA. Most studies have
found that NOTA has the effect of increasing test
difficulty (Rimland, 1960; Dudycha and Carpen-
ter, 1973; Forsyth and Spratt, 1980; Crehan and
Haladyna, 1991; Oosterhof and Coats, 1984; Tollef-
son, 1987). However, it is important to distin-
guish between the presence of NOTA as the key
or as a distractor. In many studies demonstrating
an effect of NOTA on item difficulty, the difference
between NOTA as a key and NOTA as a distrac-
tor is not considered, and as a result these stud-
ies often demonstrate relatively small effect sizes
(Rimland, 1960). In other studies, NOTA has
been found to increase difficulty when it is the key,
but not when it is a distractor (Tollefson, 1987;
Oosterhof and Coats, 1984). Another common
measure of multiple choice item efficacy is the dis-
crimination coefficient, which assesses how well a
particular item discriminates between high per-
forming and low performing students. In the few
studies measuring the effect of NOTA on discrim-
ination, most demonstrate no effect of NOTA, ei-
ther as the key or as a distractor (Dudycha and
Carpenter, 1973; Tollefson, 1987; Crehan and Ha-
ladyna, 1991).

Given the relative lack of research on the effect of
NOTA, it is clear that more research is required
to develop a clear consensus. Although authors
such as Gross (1994) suggest that NOTA should
never be used, a large contingent of item writ-
ing guidelines do advocate for its use when ques-
tion difficulty is too low (Frary, 1991). Moreover,
relatively few studies on the effect of NOTA are
conducted in actual classrooms, with researchers
instead opting to conduct laboratory experiments
due to the added control gained in that setting.
However, compared to classroom experiments, lab-
oratory studies are in some ways disadvantaged.
Specifically, in the laboratory, the test content
must be general, so as to be appropriate for the
random sample of participant. If the content is
too specialized, it must be learned in the labora-
tory itself either earlier in the experimental ses-
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sion or in an earlier session some time before.
While these conditions are somewhat analogous
to the tests distributed to students in a class-
room, there are a number of key differences be-
tween the two settings. During a classroom test,
a student’s performance on the test is critical to
their final grade in the course and subsequently
their academic goals at large. Therefore, students
in a classroom may be more motivated to select
the correct response than participants in a labo-
ratory. Moreover, students will spend more time
studying the course content, and will have been
immersed in the material throughout the term.
In this way, only by conducting classroom studies
can researchers hope to make conclusions regard-
ing the use of NOTA in true educational settings.

In the present study, we used of McMaster’s large
first year Psychology course to assess the effect
of NOTA on item difficulty and discrimination in
the classroom. By utilizing this sample of stu-
dents, we are able to take advantage of the more
ecologically valid classroom environment with a
large sample size. In the present study, we ma-
nipulated questions on the midterm examination
distributed to Introductory Psychology students
each semester. Due to our large sample of stu-
dents, we can be confident that our estimates of
difficulty and discrimination are more stable and
accurate than those obtained with small classes
that can vary more from year to year. This al-
lowed for a question-based approach to the design
of the study, where a specific question was varied
across versions of the test such that it appeared
without NOTA (control), with NOTA as the key,
or with NOTA as a distractor for different groups
of students. By using a carefully controlled de-
sign in a true classroom populated with a large
number of students, we aim to clarify the effect of
NOTA on item difficulty and discrimination in a
real academic setting.

Methods

Psychology 1X03/1XX3

Psychology 1X03 and 1XX3 together comprise the
first year psychology program at McMaster Uni-
versity. Psychology 1X03 is offered in the first
term and acts as a prerequisite for Psychology
1XX3, which is offered in the second term. Each
year, approximately 3100 students enroll in Psy-
chology 1X03 from all faculties including Science,
Social Science, Humanities, Business, and Nurs-
ing, making this course the largest on the McMas-
ter University campus. Topics covered in Psy-
chology 1X03 include research methods, learning,
memory, cognition, social psychology, and per-
sonality theory. Psychology 1XX3 is offered in
the second term and serves approximately 1700
students each year. Topics covered in Psychol-
ogy 1XX3 include development, evolution, neuro-
science, and sensory systems. In both Psychology
1X03 and 1XX3, students complete one midterm
examination (25% value) and one final examina-
tion (40% value) per semester, both in the mul-
tiple choice format, along with other evaluation
components including class participation and writ-
ten assignments.

Participants

Participants consisted of students completing their
regularly scheduled midterm examination in Psy-
chology 1X03 and 1XX3 in the 2008/2009 and
2009/2010 academic years. Students consented to
have their midterm examinations included in this
study during the course of their final examination.
A consent form was included on the last page of
this examination and a bonus mark was offered to
students who responded, regardless of the nature
of their response. All research protocols were ap-
proved by McMaster University’s Research Ethics
Board. Two midterm examinations in Psychol-
ogy 1X03 were included in this study, one from
the 2008/2009 academic year, and one from the
2009/2010 academic year. One Psychology 1XX3
midterm examination was also included in this
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study, administered in the 2008/2009 academic
year. The total sample of consenting students
was 1955 (63% participation) and 1742 (56% par-
ticipation) for the two Psychology 1X03 exami-
nations, and 891 (52% participation) for the Psy-
chology 1XX3 examination.

Materials

On each midterm examination, a subset of the
total questions was manipulated for inclusion in
this study. The 2008/2009 Psychology 1X03 ex-
amination included 5 experimental questions em-
bedded in 25 total questions, and the 2009/2010
Psychology 1X03 examination included 10 exper-
imental questions embedded in 35 total questions.
The 2008/2009 Psychology 1XX3 examination in-
cluded 5 experimental questions embedded in 40
total questions. Therefore, we analyzed a total n
of 20 experimental questions. On every examina-
tion, the experimental questions were randomly
distributed throughout the test and were indis-
tinguishable in style from non-experimental ques-
tions. Every question consisted of one key and
three distractors.

Design

Each of the three midterm examinations consisted
of five test versions distributed randomly to the
student population. These five versions differed
in the numerical placement of the questions to
discourage cheating. The non-experimental ques-
tions were identical on every test version, while
the experimental questions were manipulated across
test versions for the purposes of the study. Specif-
ically, the experimental questions differed in the
placement of the NOTA option. For a single ex-
perimental question, one test version would con-
tain the question in its original format with no
NOTA option; one test version would contain the
question with NOTA replacing the key; and the
remaining three test versions would contain the
question with NOTA replacing each of the three

distractors respectively. Moreover, after comple-
tion of the test, we classified the distractors ac-
cording how frequently they were selected in the
control condition. This yielded three distractor
types ranked according to their selection frequency
- high frequency (HF), medium frequency (MF),
and low frequency (LF). Therefore, in total there
were five experimental conditions: Control (no
NOTA), NOTA replacing the key, NOTA replac-
ing the HF distractor, NOTA replacing the MF
distractor, and NOTA replacing the LF distrac-
tor.

To prevent any systematic differences in the diffi-
culty level of the five test versions, the five experi-
mental conditions were also balanced within each
version. Specifically, each test version contained
one control question, one question with NOTA re-
placing the key, and three questions with NOTA
replacing the three distractors respectively. In
this way, the five experimental conditions were
balanced across test versions as well as within
test versions. Other than the NOTA manipu-
lation, experimental questions were identical to
non-experimental questions in style and format,
although the non-experimental questions never con-
tained NOTA as an option.

Results

Statistical analyses were done with R (R Devel-
opment Core Team, 2007). When appropriate,
the Huynh-Feldt correction, ε̃, was used to adjust
p values of F tests conducted with within-subject
variables for violations of sphericity (Maxwell and
Delaney, 2004). Effect size was expressed as Co-
hen’s f . All t tests reported were one tailed. Our
dependent measures were difficulty and discrimi-
nation. Difficulty was defined as the percentage of
students who answered a particular question cor-
rectly. Discrimination was defined as the point-
biserial correlation between the student popula-
tion’s responses for a particular question, either
correct or incorrect , and the student population’s
total score on the examination. Each experimen-
tal question was considered to be a subject in a
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repeated-measures design.

Figure 1a demonstrates the effect of NOTA place-
ment on question difficulty. These data were sub-
mitted to a one-way repeated-measures ANOVA,
with NOTA placement as the within-subjects fac-
tor. The ANOVA revealed a highly significant
main effect of NOTA placement on question dif-
ficulty, F (19, 76) = 16.29, ε̃ = 0.67, p < 0.0001,
f = 0.78. To further analyze these differences,
we performed a number of post-hoc linear com-
parisons between conditions. The first compari-
son revealed that the NOTA-as-key condition was
significantly more difficult than all other condi-
tions combined, t(19) = 5.23, p < 0.00001. We
also found no difference between the control con-
dition and the conditions where NOTA replaces
a distractor, collectively, t(19) = 1.50, p > 0.05.
Finally, we found that the effect on difficulty of re-
placing the high frequency distractor with NOTA
was not significantly different than replacing the
medium or low frequency distractors with NOTA,
t(19) = 1.26, p > 0.1. Therefore, it appears
that replacing the key with NOTA significantly
increases question difficulty (lowers percent cor-
rect), while replacing any distractor with NOTA
has no effect on difficulty relative to when NOTA
is not present in the question.

Figure 1b demonstrates the effect of NOTA place-
ment on the point-biserial discrimination scores.
The mean point-biserial discrimination score in
the control (no NOTA) condition was 0.25, which
falls within the range commonly reported in large
samples of multiple choice questions (Mart́ınez
et al., 2009). These data were submitted to a one-
way repeated-measures analysis of variance with
NOTA placement as the within-subjects factor.
The ANOVA revealed no significant main effect of
NOTA placement on discrimination, F (19, 76) =
1.05, ε̃ = 1.03, p > 0.3, f = 0.045. Therefore, it
appears that NOTA has no effect on discrimina-
tion scores regardless of where it is placed in the
question.

Discussion

The present study examined the effect of NOTA
on multiple choice questions in a large classroom
setting. Specifically, we manipulated the place-
ment of NOTA across versions of the test such
that, for each of 20 experimental questions, NOTA
was either not present, replaced the key, or re-
placed the high, medium, or low frequency dis-
tractors respectively. We found that NOTA sig-
nificantly increased the difficulty of multiple choice
questions only when it was used as the key. We
found no effect of NOTA replacing any of the dis-
tractors, regardless of their effectiveness. Addi-
tionally, we found no significant effect of NOTA
on discrimination scores, regardless of its place-
ment.

These findings are consistent with previous stud-
ies that have shown an increase in question dif-
ficulty with the use of NOTA, and no effect of
NOTA on discrimination (Tollefson, 1987; Oost-
erhof and Coats, 1984; Dudycha and Carpenter,
1973; Crehan and Haladyna, 1991). Moreover,
our results affirm the importance of distinguishing
between the presence of NOTA as the key or as a
distractor, which is not always the case (Rimland,
1960; Oosterhof and Coats, 1984). Interestingly,
we observed no significant difference between re-
placing a high, medium, or low frequency distrac-
tor with NOTA. This suggests that students treat
the NOTA option similarly regardless of the al-
lure of the other two distractors. However, we
do observe a slight trend towards lower difficulty
when higher frequency distractors are replaced by
NOTA, suggesting that NOTA may not always be
as effective as a well written distractor.

Empirical studies on the writing of writing mul-
tiple choice questions have become increasingly
important in light of a large body of literature
suggesting that multiple-choice tests can also be
used for the purposes of improving learning (Car-
rier and Pashler, 1992; Hogan and Kintsch, 1971;
Thompson et al., 1978; Roediger and Marsh, 2005;
Karpicke and Roediger, 2007). This observation,
dubbed the Testing Effect, is derived from exper-
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iments demonstrating improvements in later re-
call when students have previously written a test
on some material as opposed to just having stud-
ied it. With this observation in hand, instructors
can strive to improve student learning by creat-
ing challenging multiple choice tests that engage
the students and get them thinking about the
course content. However, a number of negative
consequences of multiple choice testing have also
been observed (Roediger and Marsh, 2005; Roedi-
ger, H. L., 1996; McDermott, 2006). These neg-
ative consequences likely stem from what Rem-
mers and Remmers (1926) dubbed the Negative
Suggestion Effect. In this effect, exposure to mis-
information can increase the probability of recog-
nizing or recalling that same misinformation on a
later test. For example, Jacoby and Hollingshead
(1990) found that exposure to misspelled words
increased the probability of spelling errors on a
later test; while Brown et al. (1999) found that
the presentation of incorrect information between
an initial test and a later test increased the prob-
ability of incorrect responses on the later test. In
this way, when students are exposed to the dis-
tractors on a multiple choice test, they are being
exposed to misinformation that may later be re-
produced.

Given the balance between the positive and neg-
ative effects of multiple choice testing on learn-
ing, small decisions regarding the formatting and
style of multiple choice questions can be critical.
Generally, the benefits of multiple choice testing
are strongest when students are able achieve a
high level of performance on the test Roediger
and Marsh (2005); Butler et al. (2006). When
students select the key, this correct information
is reinforced by the test, while students who se-
lect distractors are reinforcing incorrect informa-
tion, as in the negative suggestion effect. Inter-
estingly however, students who receive feedback
on their responses, be it immediate or delayed,
are less likely to reproduce distractors on a later
test (Butler and Roediger, 2008). These students
gain information about the correct response can
use this information to their benefit on later tests
regardless of what they originally selected.

These cognitive considerations apply to every mul-
tiple choice question writing decision, including
the use of NOTA. Odegard and Koen (2007) have
demonstrated that when NOTA is present as the
key, but not when it is a distractor, the posi-
tive testing effect is negated. They argue that
when NOTA is the key, students will either com-
mit themselves to a distractor or they will select
NOTA without knowing the true response, both
of which lead them to reinforce incorrect informa-
tion. The significant increases in question diffi-
culty we observe when NOTA is present as the
key suggest that a large number of students fall
into this trap, however without further research
it remains unclear what proportion of students
selecting NOTA know the true response to the
question and what proportion are consolidating
misinformation. Therefore, before making deci-
sions regarding issues such as the use of NOTA,
each multiple choice question writer should con-
sider the goals of their assessment tool. On one
hand, testing serves the important function of dis-
criminating between students and assigning ranks
and grades. To this end, NOTA can serve to in-
crease the difficulty level of a test and challenge
the students who have not studied enough. On
the other hand, decades of research in cognitive
science suggests that tests can serve to enhance
student learning. Here, the difficulty increase as-
sociated with NOTA may be undesirable, as it can
counteract the positive effects of multiple choice
questions on learning Odegard and Koen (2007).

It is clear that careful evaluation of every aspect
of multiple choice question writing is critical to
the effectiveness of the format. The present re-
search has demonstrated a clear and ecologically
valid effect of NOTA on difficulty and helped to
clarify a field where methodologies and results can
vary wildly. Given the relative lack of careful em-
pirical examinations of multiple choice question
writing in a classroom context, much future re-
search is needed before we can arrive at a scientif-
ically grounded consensus on the so-called ”best
practices” for test writing. The development of
such a consensus and the careful implementation
of the recommendations therein should be a pri-
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mary concern for anyone interested in delivering
a thoughtful and effective multiple choice evalua-
tion.
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Figure 1: Top: Proportion correct as a function
of ’none of the above’ placement. Bottom: Point-
biserial discrimination scores as a function of ’none
of the above’ placement
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