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Abstract

At our centre, we introduced a continuous quality improvement
(CQi) initiative during academic year 2018-19 targeting for repair
multiple choice question (MCQ) items with discrimination index (D)
< 0.1. The purpose of this study was to assess the impact of this
initiative on reliability/internal consistency of our assessments. Our
participants were medical students during academic years 2015-16
t0 2020-21 and our data were summative MCQ assessments during
this time. Since the goal was to systematically review and improve
summative assessments in our undergraduate program on an
ongoing basis, we used interrupted time series analysis to assess
the impact on reliability. Between 2015-16 and 2017-18 there was
a significant negative trend in the mean alpha coefficient for MCQ
exams (regression coefficient -0.027 [-0.008, -0.047], p = 0.024). In
the academic year following the introduction of our initiative
(2018-19) there was a significant increase in the mean alpha
coefficient (regression coefficient 0.113 [0.063, 0.163], p = 0.010)
which was then followed by a significant positive post-intervention
trend (regression coefficient 0.056 [0.037, 0.075], p = 0.006). In
conclusion, our CQl intervention resulted in an immediate and
progressive improvement reliability of our MCQ assessments.

Résumé

Dans notre centre, nous avons introduit une initiative d'amélioration
continue de la qualité (ACQ) au cours de I'année académique 2018-19
ciblant la correction des questions a choix multiples (QCM) dont l'indice
de discrimination (D) est < 0,1. Le but de cette étude était d'évaluer
I'impact de cette initiative sur la fiabilité/cohérence interne de nos
évaluations. Nos participants étaient des étudiants en médecine au
cours des années académiques 2015-16 a 2020-21 et nos données
provenaient d’évaluations sommatives par QCM au cours de cette
période. Comme |'objectif était de revoir et d'améliorer
systématiquement les évaluations sommatives dans notre programme
prégradué sur une base continue, nous avons utilisé une analyse basée
sur des séries chronologies interrompues pour évaluer I'impact sur la
fiabilité. Entre 2015-16 et 2017-18, il y a eu une tendance négative
significative dans le coefficient alpha moyen pour les examens utilisant
des QCM (coefficient de régression -0,027 [-0,008, -0,047], p = 0,024).
Au cours de l'année académique suivant l'introduction de notre
initiative (2018-19), il y a eu une augmentation significative du
coefficient alpha moyen (coefficient de régression 0,113 [0,063, 0,163],
p = 0,010) qui a été suivie d'une tendance positive significative apres
I'intervention (coefficient de régression 0,056 [0,037, 0,075], p =
0,006). En conclusion, notre intervention d'ACQ a entrainé une
amélioration immédiate et progressive de la fiabilité de nos
évaluations par QCM.
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Introduction

“Reliability is the precondition for trust” —
Wolfgang Schauble

Those of us involved in creating assessment tools must be
prepared to defend the validity of these tools. Validity is
best viewed as a hypothesis with multiple sources of
evidence contributing to the decision to accept or reject
the hypothesis of validity of a specific assessment in a
specific context.! While validity frameworks have evolved
over time,** reliability has formed the core of validity
arguments since the origins of Classical Test Theory (CTT)
at the start of the 20™ century. Maximal validity coefficient
for any criterion is the square root of the product of the
reliability coefficients of the assessment and criterion
under study and therefore validity is directly limited by
reliability.2%>5

In @ multiple choice question (MCQ) assessment, each
individual question/item contributes to overall reliability
and validity of the assessment, and for this reason item-
level statistics, such as discrimination, are calculated for
each question and reviewed alongside the alpha
coefficient.>”® Cronbach’s alpha coefficient, which ranges
from 0 to 1, is one of the most commonly used measures
of reliability for MCQ assessments, and the higher the
alpha coefficient the greater is the covariance between the
individual items making up the assessment and the overall
variance of the assessment.® The discrimination index (D)
for each question is typically assessed by dividing students
into high and low performers on the assessment overall
and then comparing the proportion of high versus low
performers that answered correctly.” MCQ items may have
low D due to a keying error, but alternative explanations
include discrepancy between what students were taught
and the designated correct answer to the question; a
poorly worded, misleading, or cueing question stem; or
poorly functioning distractors.®*? (The role of distractors
in an MCQ is to attract poor performers and if the
distractors fail to do so then the number of students
answering correctly will be high in both low and high
performance and D will be low.)

At our centre we introduced a post-exam continuous
quality improvement (CQl) initiative during academic year
2018-19 where we targeted for repair items considered to
have poor discrimination (D < 0.1).* We used interrupted
time series analysis (ITSA) to assess the impact of our CQl
initiative on the reliability/internal consistency of our MCQ
assessments.’® We predicted that if our intervention

improves reliability then we should see a positive trend
over time in the mean alpha coefficient of these
assessments following the introduction of our CQl
initiative.

Methods

This was a retrospective intervention study using an ITSA
design. The Conjoint Research Ethics Board at the
University of Calgary approved our study (REB21-1455).

Participants

Our participants were medical students at the Cumming
School of Medicine, University of Calgary during academic
years 2015-16 to 2020-21. We have a three-year
undergraduate curriculum during which the first 18 months
is a pre-clerkship Clinical Presentation Curriculum followed
by the typical clinical clerkship for the remainder of the
curriculum.®

Materials

The data source for our study was summative MCQ
assessments on the seven core preclerkship courses and
eight clerkship rotations. Each course or clerkship rotation
has two or three MCQ exams that can be used as the
summative assessment for any given academic year.
Typically, our MCQ assessments are Single Answer (SA)
format with four options, three of which are distractors.
Student performance on these assessments and
psychometric analysis of each assessment are stored on
our undergraduate medical education assessment
database. To calculate D, we divide the group of students
into approximate quarters while ensuring that the number
of students included in the top and bottom quarters are the
same. We then use the formula: D = UG-LG/n, where UG is
the number of students in the upper group answering
correctly, LG is the number of students in the lower group
answering correctly, and n is the number of students in
each group.

Procedure

Prior to academic year 2018-19, the post-exam review
personnel included the Director of Student Evaluation and
student representatives for each mandatory assessment.
This group would review student performance and
feedback on each question and decide on whether to
remove items or adjust the minimum performance level for
questions that were not removed. Beginning in academic
year 2018-19, we revised the post-exam review process so
that student representatives were no longer involved in
this process and, instead, we followed the CQIl process
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illustrated in Figure 1 after all summative MCQ
assessments. Since the goal of our CQl initiative was to
improve validity in general, in addition to targeting items
with poor reliability our intervention also included
components designed to strengthen other sources of
validity evidence, such as “content” (ensuring the content
of the assessment matched the course blueprint) and
“response process” (reviewing students’ comments as part
of the post-exam review) validity.!

Existing assessment tool

Tabulate item difficulty and discrimination Tabulate student feedback on exam items

|

Identify items for review

|

Identify poorly functioning distractors
within reviewed items

Targeted repair by evaluation coordinator

Creation of 5-10% new items

|

Blueprint corrections

Revised assessment tool

Figure 1. Cycle for improving/maintaining exam validity and
quality (introduced during academic year 2018-19)

After flagging questions with low D, we then identified
“poorly functioning distractors” in the answer choices for
these questions. We classified an option as a poorly
functioning distractor if this had a selection rate < 5%, or if
this appeared to be negatively discriminating (i.e., this was
selected more frequently by students who had higher
overall performance that those with  lower
performance).>!® (Although we routinely calculate item
difficulty (P value), this statistic did not contribute to our
decision to target items for repair.®) Our evaluation team
then met with the director and evaluation coordinator for
each course or clerkship to explain the finding on item
analysis and discuss revisions to the assessment
components prior to future use of these assessments. In
addition to ensuring that the assessment items matched
the published course blueprint, we discussed strategies for
repair of items with low D. This included reviewing student
comments related to flagged items and then deciding
whether the evaluation coordinator should focus on
replacing/repairing poorly functioning distractors, revising
the question stem, or both. In order to preserve content
validity evidence, the clinical presentation of each repaired
or replaced item did not change. Similarly, the format of
repaired/replaced items matched that of the previous
version (Single Answer (SA) with four options, three of
which are distractors).

Analyses

We used ITSA to assess the impact of our CQl intervention
of the reliability of our MCQ assessments. ITSA allows us to
follow an outcome variable over multiple, equally spaced
time periods — both before and after an intervention —thus
allowing us to assess whether the intervention
“interrupted” the level and/or trend in this outcome.1#17:18
Our outcome variable in this study was the mean alpha
coefficient for all summative MCQ assessments at the end
of each academic year, plotted over ‘time and an
intervention term (corresponding to the introduction of
our CQl initiative) to study the impact of our CQl initiative
on the reliability of our MCQ exams. We gathered data
from three years prior to and three years after the
introduction of our CQl initiative. Anticipating
autocorrelation, we followed the autoregressive
integrated moving average (ARIMA) method of Prais-
Winsten and Cochrane-Orcutt, which uses generalized
least-squares to estimate parameters in a linear regression
model where errors are assumed to be
autoregressive.'#”1® We assessed the impact of our
initiative by examining both animmediate “change in level”
and then a subsequent “change in slope” following the
intervention.’” We used STATA® version 15.0 (College
Station, Texas) for our statistical analyses.

Results

During academic years 2015-16 to 2017-18, there was a
significant negative trend in the mean alpha coefficient for
MCQ exams (regression coefficient -0.027 [-0.008, -0.047],
p =0.024). In the academic year following the introduction
of our CQl initiative (2018-19) there was a significant
increase in the mean alpha coefficient (regression
coefficient 0.113 [0.063, 0.163], p = 0.010) which was then
followed by a significant positive post-intervention trend
(regression coefficient 0.056 [0.037, 0.075], p = 0.006). The
pre and post-intervention trends and initial change in mean
alpha coefficient are shown in Figure 2. The mean alpha for
each year and standard deviation is shown in the Table 1.
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Figure 2. Interrupted time series analysis showing the trend in
alpha coefficient before and after the introduction of a Ql initiative
to improve reliability of MCQ assessment

Table 1. Details of Alpha Coefficients over the course of our study

Year Mean Alpha Standard Deviation
2016 0.6 0.18
2017 0.57 0.09
2018 0.55 0.08
2019 0.62 0.08
2020 0.7 0.06
2021 0.73 0.06
Discussion

Given the importance of validity in assessment, and the
central role of reliability in the validity argument, assessing
and improving reliability are important tasks for those
involved in assessment. By understanding the impact of
discrimination on reliability and the potential causes of low
discrimination, we can design interventions to improve
item discrimination with the hope that this will then
translate into improved reliability and validity. In this study
we describe one such intervention, in the form of a CQl
initiative, which led to an immediate and sustained
improvement in the reliability of our MCQ assessments.
Prior studies using descriptive statistics have suggested
such an improvement, but to our knowledge this is the first
study to use an ITSA design to formally assess the impact of
such an intervention.®

Our study has some important limitations: we used CTT
rather than Item Response Theory (IRT) to provide data on
the quality of test items due to the fact that our sample size
for assessments was historically too small to allow us to
perform a 3-parameter IRT model;!® this was a CQl
initiative rather than a research trial; although data were
gathered
retrospective; students were exposed to our intervention
incrementally over time rather than a hard start to our

prospectively, our data analysis was

study with random allocation of our intervention; our study
was conducted in a single undergraduate curriculum; and

the fact that our initiative was intentionally multifaceted
limits our ability to tease apart the independent
contribution of each component of our intervention.
Finally, although our intervention began approximately
two years before the SARS-CoV-2 pandemic was declared,
data gathered during the final year of our study may have
been affected by this pandemic (although this would not
explain the initial change in the alpha coefficient or the first
part of the post-intervention trend).

Conclusion

In this study we describe a CQl initiative that could easily
be incorporated into the post-exam review process of most
medical schools. Although we cannot generalize the
findings of this single-centre study, we found that this
simple intervention resulted in an immediate and
progressive improvement in the reliability of our MCQ
assessments. While MCQ, assessments have limitations,?°
they are unlikely to disappear in the near future —so simple
and effective interventions that improve reliability and the
overall validity argument are worthwhile.
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