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Objective. To determine the effect of 3 variations in test item format on item statistics and student
performance.
Methods. Fifteen pairs of directly comparable test questions were written to adhere to (standard scale)
or deviate from (nonstandard scale) 3 specific item-writing guidelines. Differences in item difficulty
and discrimination were measured between the 2 scales as a whole and for each guideline individually.
Student performance was also compared between the 2 scales.
Results. The nonstandard scale was 12.7 points more difficult than the standard scale ( p50.03). The
guideline to avoid “none of the above” was the only 1 of the 3 guidelines to demonstrate significance.
Students scored 53.6% and 41.3% ( p,0.001) of total points on the standard and nonstandard scales,
respectively.
Conclusions. Nonstandard test items were more difficult for students to answer correctly than the standard test items, provided no enhanced ability to discriminate between higher- and lower-performing
students, and resulted in poorer student performance. Item-writing guidelines should be considered
during test construction.
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conventional item construction techniques in higher education may be contributing to an underestimation of students’ true knowledge, skills, and abilities, as well as
negatively impacting student progression.
Instruction in this nearly universal assessment technique is often omitted from the training of higher-education
faculty members. In academic pharmacy, new educators
have often received postgraduate training related to education through residency programs. Sixty-eight percent of the
residency programs accredited by the American Society of
Health-System Pharmacists (ASHP) reported having some
form of teaching opportunity for their residents.7 However,
training in test construction is not included in the ASHP
standards for either postgraduate year 1 or 2 programs.8,9
McNatty and colleagues examined the teaching experiences included in approximately 800 surveyed residency
programs, but instruction on testing, and specifically testitem construction, were not reported.10 Although some
programs reported “formal training in teaching and learning,” training in classroom assessment was not mentioned.
Experienced faculty members are even less likely to have
received formal instruction in test construction, and may
have full teaching loads that leave little time for the development of test-writing skills.
Compilations of expert opinions on good vs bad item
characteristics exist in educational measurement textbooks. Examination item construction variables such as

INTRODUCTION
In higher education, few faculty members receive
formal training in how to construct objective test items,
yet the mainstay of summative assessment is the multiplechoice examination.1-5 This format allows the statistical
analysis necessary to determine essential psychometric
characteristics such as reliability (a quality that supports
the format’s routine use), as well as item difficulty and
discrimination. Many articles have been published on the
accepted characteristics of good vs bad test items, and
guidelines exist that provide the framework for writing
examination questions. Deviations from examination
item-writing guidelines may result in undesirable changes
to item statistics, eg, in discrimination or in the percentage
of students answering correctly.6 Many potential factors,
such as faculty members’ lack of familiarity with these
guidelines and reluctance to alter personal examination
writing habits, and a relative lack of experimental data on
examination item performance, may contribute to a low
level of guideline acceptance and application among educators. If item-writing guidelines are valid, and nonstandard items (defined as those that violate any of the itemwriting guidelines used in this study) affect test scores,
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question format and number of answer options per question may affect item difficulty and discrimination.11 Variable findings describing these effects have been published
in the fields of medical and nursing education.12-14
In a previous study, the authors retrospectively examined the effects of guideline use on examination item
statistics for all examination items administered in a single
course. The objective was to determine if variation from
item guidelines resulted in differences in student performance or item quality. Examination items were classified
into 2 scales: standard (adhered to all 31 guidelines of
Haladyna, Downing, and Rodriguez) and nonstandard
(broke 1 or more of the 31 guidelines). There was a 7.4%
difference in difficulty between the 2 scales, with the nonstandard scale being more difficult ( p50.01), and no significant difference in item discrimination measured by
average scale point biserial correlation ( p50.06).15 These
and the aforementioned findings supported the need for
a more systematic evaluation of the effects of guideline
use on item quality.

paper by Haladyna, Downing, and Rodriguez were selected to undergo analysis in this study because of the
likelihood that they would increase item difficulty and
negatively impact student performance:
(1) Word the stem positively; avoid negatives such
as not or except. If negative words are used, use
the word cautiously and always ensure that the
word appears capitalized and boldface (63%
for, 18% against, 19% uncited).
(2) Develop as many effective choices as you can,
but research suggests 3 is an adequate number
(70% for, 4% against, 26% uncited).
(3) None-of-the-above (NOTA) should be used
carefully (44% for, 48% against, 7% uncited).5
Two sets of 15 corresponding questions were developed to test the effects of these rules on student and item
performance. Five faculty members who taught first-year
students each provided 3 pairs of questions to be included
in the analysis, 1 pair for each guideline. One question
in each pair adhered to the corresponding item-writing
guideline and was defined as standard scale. The other
question in each pair differed only by breaking the corresponding guideline in a specific way and was defined as
nonstandard scale (Table 1). Five faculty members donating 3 questions to each scale resulted in 15 pairs of directly
comparable items – 5 questions per guideline.

METHODS
This study was approved by the university’s institutional review board. Three item-writing guidelines that
received mixed endorsement in the educational measurement literature and published research examined in the

Table 1. Example Correlating Items From the Nonstandard and Standard Scalesa
Guideline

Nonstandard

Standard

Which of the following organisms has
Use positives, no negatives All of the following organisms have
significant toxin production?
significant toxin production EXCEPT
a) Bacillus cereus
a) Clostridium perfringens
b) Moraxella catarrhalis
b) Escherichia coli
c) Neisseria meningitidis
c) Neisseria meningitidis
d) Streptococcus pyogenes
d) Streptococcus pyogenes
What test is used to determine if a patient is
Write as many plausible
What test is used to determine if a patient is
hypochromic regardless of erythrocyte size?
distractors as you can
hypochromic regardless of erythrocyte size?
a) Hematocrit
a) Blood smear
b) Mean corpuscular hemoglobin
b) Hematocrit
c) Mean corpuscular hemoglobin
c) Mean corpuscular hemoglobin
concentration
d) Mean corpuscular hemoglobin
concentration
e) Red cell distribution width
Which of the following is a B-cell specific
Use carefully None
Which of the following is a B-cell specific
neoplasm?
of the above
neoplasm?
a) Acute lymphocytic leukemia
a) Acute lymphocytic leukemia
b) Chronic myeloid leukemia
b) Chronic myeloid leukemia
c) Hodgkin lymphoma
c) Hodgkin lymphoma
d) Non-hodgkin lymphoma
d) Non-hodgkin lymphoma
e) None of the above
a

Correct answers are in bold.
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These items were administered to students on the
first mile marker examination,which is a formative assessment administered at the end of the spring semester
of the first year. The 100-item test covers material determined by instructors to be overarching in the first year.
General content covered includes calculations, drug information retrieval, ethics and law, immunology, medicinal
chemistry, microbiology, parenterals, pathophysiology,
and pharmaceutics. The examination is comprehensive,
questions are written by the faculty members who taught
the topics addressed, and the college’s curriculum and
assessment committees each vet the questions before the
items are included on the examination. The 15 pairs of
study items described above were split into standard and
nonstandard scales and added to the end of the examination, resulting in 2 versions of the examination, each with
115 questions. The study items were scored but not factored into students’ examination grade. Because all examination items that were part of the study were placed at the
end of the examination, the effects of test fatigue and access
to testing cues were equalized between the 2 groups.
Randomization occurred by allowing students to selfselect seats in the testing auditorium. A standard or nonstandard form was alternatingly distributed at each seat.
Examination security was maintained by the presence of
4 examination proctors, as well as by varying the item
numbering on the 2 versions of the examination and the
corresponding answer sheet. All examinations and answer
sheets were accounted for at the end of the testing period.
Characteristics of students in each group are presented in
Table 2.
One-sided independent t tests were used to analyze
the differences in item difficulty and item performance
between the 2 scales, as well as student performance on
each scale. Statistix 9 (Analytical Software, Tallahassee,
FL) was used for these analyses. Item difficulty is defined
as the percentage of students answering the item correctly.
Item discrimination is measured by the point biserial

correlation, which is defined as “the correlation between
right/wrong scores that students receive on a given item
and the total scores that the students received when summing up their scores across the remaining items.”16 Point
biserial correlations were calculated by the LXR*TEST
grading software (Applied Measurement Professionals,
Inc., Georgetown, SC) and reported based on the 15 study
items in each scale.

RESULTS
One hundred nine students took the mile marker examination. Fifty-five students completed the version of
the examination with standard form items and 54 students
completed the version with nonstandard form items.
Levels of Bloom’s taxonomy represented by each scale
were knowledge (60%), comprehension (20%), and application (20%). A summary of the difficulty and discrimination analyses can be found in Table 3. The difference in
average percent correct between the standard and nonstandard scales was 12.3% (53.6 and 41.3, respectively,
p,0.001). Separate analyses of the individual guidelines
failed to identify significant results except for: avoid “none
of the above.” In the scale comparison for this guideline,
an average of 39.2 students (71%) correctly answered the
standard scale item compared to an average of 25.2 (47%)
students who correctly answered the nonstandard scale
item (p50.044), and there was no difference in average
item discrimination (p50.22).

DISCUSSION
This analysis provides striking initial evidence that
common deviations from item-writing guidelines can result in poorer student performance on questions with no
increased benefit of differentiating higher- from lowerperforming students. Guideline deviations in this study
appeared to increase item difficulty without the benefit
of increased discrimination, which makes a case for consideration of item-writing guidelines during test construction. Additionally, student performance on standard
vs nonstandard questions was significantly better—in this
study, the difference was more than a letter grade based on
a 10-point scale.
Of the individual guidelines analyzed, only use of
“none of the above” resulted in significant differences.
The case against “none of the above” can be made based
on the cognitive processes it requires of a student. If “none
of the above” is the correct answer to a question, the
behavior that is being tested is at least in part the student’s
ability to recognize incorrect answers; knowledge of the
correct answer is not an absolute requirement. If “none of
the above” is not the correct answer, it may be incorrectly

Table 2. Descriptive Characteristics of the Studentsa
Standard
Scale
Gender, No. (%)
Female
Male
Preprofessional degree, No. (%)
PCAT, Mean (SD)
Prepharmacy GPA, Mean (SD)

36
19
18
56
3.4

(65.4)
(34.5)
(32.7)
(16)
(0.4)

Nonstandard
Scale
32
22
18
56
3.3

(59.3)
(40.7)
(33.3)
(18)
(0.4)

Abbreviations: PCAT 5 Pharmacy College Admission Test; GPA 5
grade point average.
a
There was no significant difference between the groups in any
available characteristic.
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Guideline
Stem negation
Plausible distractors
None of the above
Whole scale
a
b

Average Scale Difficulty, %a
Standard
Nonstandard
37.6
52.2
71.4
53.7

31.8
44.6
46.8
41.0

Average Scale Point Biserial Correlationb
Standard
Nonstandard

P
0.24
0.21
0.044
0.04

0.312
0.333
0.274
0.306

0.312
0.287
0.335
0.311

P
0.5
0.16
0.25
0.45

Percentage refers to percentage of students answering the question correctly.
Reported point biserial correlations calculated by the 15 study items in each scale.

chosen by students who are able to identify a theoretical
answer that is more correct than any of the choices provided. The effects of using a “none of the above” test item
can therefore be quite complex.
The other guidelines under investigation included
stem negation and optimal number of distractors. Stem
negation items included questions in which stems contained words such as “not” or “except.” The standard scale
versions of these questions were formed by simply rewriting the negative item positively. Items assessing the differences in numbers of plausible distractors were written
to contain either 3 options (standard scale) or 5 options
(nonstandard scale). In this study, neither guideline analysis resulted in significant results. However, 5 comparisons
per guideline may be too few to determine true differences
if these guidelines result in more subtle effects than use
of the “none of the above” item, for example. Phipps and
colleagues described the effects of number of foils on pharmacy examinations and found that 5 options were more
difficult but also more discriminating than 4.12 However,
because of the difficulty of writing additional functional
distractors, test authors’ time may be better spent by limiting item choices to 3.5
Regarding limitations of this study, the method of
randomization was a potential confounder. Because students were allowed to self-select their seats, we could not
determine with complete certainty that the 2 study groups
(students completing the standard version and nonstandard
version of the examination) were truly similar. However,
no significant differences in student-specific characteristics were found between the 2 groups (Table 2). The small
number of investigational items was a significant limitation
for this study. Although the overall scale comparison found
significant differences, the individual guideline analyses
were potentially negatively affected by the small number
of comparisons that could be made for each subgroup.
Similarly, the small sample size of items and multidimensional nature of the mile marker examination prevented
the calculation and comparison of scale reliabilities. It
would also be beneficial to analyze the effects of guideline deviations at each level of Bloom’s taxonomy; the
distribution of study items in this project, however, makes

such comparisons impossible. Considering these measured effects, and because few faculty members in higher
education have received formal training in proper test item
construction, it may be appropriate for multiple-choice
item-writing to become a focus of teaching certificate
programs, professional development opportunities, and
faculty development initiatives in colleges and schools
of pharmacy.

CONCLUSION
Deviations from multiple-choice item-writing guidelines resulted in increased item difficulty without a corresponding increase in item discrimination. Additionally,
these deviations resulted in significantly poorer student
performance that amounted on average to a letter grade.
Although this study illustrates some significant effects
of item construction choices, the authors suggest that
while consideration should be given to the published
item-writing resources, guidelines should remain suggestions that may be accepted or rejected, rather than rules to
be enforced.
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