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ABSTRACT
Readability is a measure of the accessibility of a text to a reader. Readability scores should not exceed
the readability levels of the intended audience. To date, the topic of readability has rarely been
explored in the context of medical education assessment. Thus, the purpose of this pilot study was to
investigate the potential relationship between readability measures and item difficulty estimates. We
used two readability formulas, FOG and FORCAST, based on each formula’s intended purposes and
requirements for shorter texts. A sample of 853 multiple-choice questions (MCQs) were obtained and
the difficulty values for each item were plotted relative to each item’s readability score. Results indicate
an association was present between items with greater difficulty (items answered correctly by 70% or
fewer examinees) and items with a readability measure greater than 12.0. We conclude that empirical
evidence was discernible to support long-standing theoretical evidence that readability issues may
introduce measurement error and consequently threaten score validity.
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INTRODUCTION
Readability is a measure of the accessibility
of a text to a reader and is used to inform
writing appearing in medical resources,
educational materials, newspaper articles
and more (1). Readability formulas use
variables such as sentence length and
average syllables per word to measure the
difficulty level of text. These measures
of readability can help create materials
that are more easily understood by the
intended audience. Although multiple-

choice questions (MCQs) continue to
make up a large part of many programmes’
assessments, the topic of readability has
rarely been explored in the context of
medical education. This is a problem
because measurement error stemming from
readability may lead to biased assessments
that result in invalid scores and inferences.
Thus, the purpose of this study was to
report on the findings from a small, yet
innovative, pilot study conducted at a large
college of veterinary medicine in the United
States.
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METHODS
We sought to explore the potential
relationship between readability measures
and item difficulty estimates using a
convenience sample of MCQs. We began
by carefully reviewing the criteria used to
establish common readability formulas,
including the New Dale-Chall, FleschKincaid, SMOG, FOG, Modified ColemanLiau Index and FORCAST formulas.
Formulas that used variables such as
number of sentences, specific text length,
and number of difficult words as determined
by primary school students were removed
from consideration due to construct
irrelevance variance issues (2). Ultimately,
the FOG and FORCAST formulas (3–4)
were deemed the most robust as the FOG
formula compares syllables and sentence
length and the FORCAST formula was
designed specifically for MCQs.
We defined the criteria for a difficult item
as a percent correct of ≤ 0.70, as this is
a common criterion used in the field of
psychometrics (5). We defined the criteria
for discerning an appropriately targeted
readability measure at 12.0, in which the
grade level represents the typical minimum
requirement for college admission in the
United States. A sample of MCQs was
obtained by pooling all items (n = 853)
on mid-term and final examinations
administered to 100 first-year students in a
college of veterinary medicine in the United
States during the 2018 academic year.
Data were analysed using SPSS statistical
software (version 25.0).

RESULTS
Spearman’s rho (ρ) correlation coefficients
indicate a rather negligible statistical
relationship between FOG scores and
item difficulty estimates, ρ = –0.053, and
FORCAST scores and item difficulty
estimates, ρ = –0.073. However, this
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appears a classic case of the “defense
attorney fallacy” (6) in which large
samples obscure small subsets of data.
When evaluating the relationship using
scatterplots, a clear association was present
between items with greater difficulty (0.70)
and items with a readability measure
greater than 12.0 (see Figures 1 and 2).
Items with difficulty estimates exceeding
0.80 (e.g., items answered correctly by
80% or more students) exhibited a wide
range of readability levels. Further, even
those items with the highest readability
scores (indicating the most difficult
to read content) often were answered
correctly. However, this trend dissipates
when examining items with difficulty
estimates less than 0.70 (e.g., items that
were answered correctly by 70% or fewer
students). Interestingly, in most instances
readability measures typically exceeded the
minimum targeted measure of 12.0.

DISCUSSION
It is important to note that it is nearly
impossible to discern why items may be
deemed easy or difficult (e.g., instructional
familiarity, deliberate study, guessing,
etc.), (5, 7–8) thus a causal link cannot
be established. Yet despite some, albeit
limited, empirical evidence in this work
that readability levels may present a source
of measurement error, there is considerable
theoretical evidence to support this assertion
given an exhaustive body of research in the
fields of language assessment and testing
(9). If a link is ultimately established
between excessively high readability scores
and item difficulty, educators would be
wise to identify these potentially biased
items as candidates for potential revision
before administering to students. This is
particularly important in situations that
carry moderate to high-stakes for examinees,
such as mid-term and final examinations,
progress tests, licensure and certification
examinations, etc.
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Figure 1: Scatterplot of FOG formula vs. difficulty.

Figure 2: Scatterplot of FORCAST formula vs. difficulty.

A limitation of this pilot study was that
it did not consider the reading levels of
examinees and how various ability levels
may impact examination performance.
Future research should explore the
interaction between examinees’ reading
levels and items’ readability levels to
determine the degree to which readability
may pose a validity threat to score accuracy
and meaning.

CONCLUSION
This innovative pilot study presents
empirical evidence to support long-standing
theoretical evidence that readability issues
may introduce measurement error and
consequently threaten score validity. Given
this is the first study of its kind in medical
education, more research is necessary to
better understand the role readability issues
may play in creating fair and defensible
assessments.
www.eduimed.com
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