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Abstract

Introduction: One of the main challenges in educational courses in medical
schools is the development of tests which are able to measure the proficiency
of the students enrolled in an accurate manner. Despite the advances in the
educational system, conventional methods of testing, such as the sum of points
from multiple choice questions, are still commonplace and professors seldom
focus on the quality of the questions contained within the examination. Objec-
tives: The purpose of this study is to foster a discussion on the quality of exams
in medical education, using a psychometric analysis of tests from a Morphol-
ogy course as an example. Methods: Four examinations (tests) from the Mor-
phology course in the first year of a private medical school were analyzed. The
questions therein were all in a multiple-choice model, assessing basic concepts
of anatomy, radiology and pathology. Techniques from Classical Test Theory
(CTT) and Item Response Theory (IRT) using the mirt package were applied
to evaluate the effectiveness of the questions in measuring students’ learning
outcomes. Results: In the analyzed examinations, a discrepancy in the distri-
bution of question difficulty was observed, with a predominance of easy ques-
tions, contrasted by a scarce or entirely absent presence of difficult ones. Ad-
ditionally, a considerable proportion of questions exhibited a high likelihood
of being answered correctly by chance. Overall, the discrimination rates of the
examination questions were low (below 20%), with none approaching 100%.
Moreover, a great number of questions displayed discrimination rate near zero,
a value which disfavors the differentiation of students with both greater and
lesser proficiency in the subjects examined. Conclusions: Although CTT and
IRT are well-established and effective methods for assessing the quality of test
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questions, they are seldom utilized to guide educators in the development of
more equitable examinations. These methods should be employed to assist
professors in enhancing item development and the creation of more effective
assessments, ensuring a better balance between easy, moderate, and difficult
questions.

Keywords

Educational Evaluation, Academic Success, Medical Education, Quality of
Tests, Proficiency Measure, Classical Test Theory (CTT), Item Response
Theory (IRT)

1. Introduction

There is a plethora of discussions in medical education regarding pedagogical ap-
proaches, educational platforms, technologies, and the educators’ professional de-
velopment. However, there is a notable absence of discourse surrounding the eval-
uation systems themselves, with low-quality assessments often used as the basis
for determining whether students have acquired sufficient knowledge to pass a
course.

There are several studies focusing on measuring students’ performances and
their ability to recall what was taught, but there still does not seem to be a consen-
sus on the best method of measurement (Zgheib et al., 2011; Zeferino & Passer,
2007). Regardless of the subject or analytical method used, numerous examina-
tions suffer from poor quality, often exhibiting issues such as low discrimination
rates, a high percentage of correct answers due to chance (random success), an
uneven distribution of difficulty levels, among other limitations (De Champlain,
2010). Knowledge is not only the pure and simple transference of information,
but a solid construction that includes critical thinking, professional posture and
ethics in the construction of ideas and actions that can be useful and profitable to
people (Farias et al., 2015). In this context of necessary improvement, it is essential
to employ tools that assess whether the tests administered throughout the course
effectively measure students’ proficiency.

One of the challenges faced by the teaching staff in a medical educational insti-
tution is the design of assessments, which include selecting the most relevant top-
ics, formulating well-structured questions, determining the appropriate format
(multiple-choice or open-ended), and deciding whether the test will be adminis-
tered individually or in groups (Rosso & Taglieber, 1992). Throughout the semes-
ters, professors gradually modify the design of their questions according to their
perceptions and feedback from the students themselves. Questions are reformu-
lated in order to maintain the clarity of the texts, evaluate the depth of the content
requested and to ponder whether it succeeded in measuring the knowledge of the
students.

The lack of quality in a question may arise from various factors, such as ambig-
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uous wording, conceptual errors which stem from shortcomings in content deliv-
ery during lectures, or differences in the interpretation of the items. Moreover,
there are also questions with a low difficulty rate, which themselves fail to differ-
entiate students with greater or lesser proficiency in the subjects covered. Further-
more, the possibility of answering a question correctly by chance can also mask to
what extent a student truly knows about a subject (Vendramini et al., 2004; An-
drade et al., 2000). It is also expected that an examination could provide a reliable
way to quantify the student’s knowledge regarding a discipline, or regarding a
branch of study as a whole. The classical way of obtaining test scores (grades) is
merely by the sum of points of correct answers, with the complexity and relative
weight of each question given subjectively by the teacher. This means that the
grade could not accurately and/or precisely exhibit the student’s knowledge (An-
drade et al., 2000; Pasquali, 2009; Thorpe & Favia, 2012).

The evaluation of items has received the attention of researchers within the edu-
cational fields for several years. The two most used analysis methodologies are the
Classical Test Theory (CTT) and the Item Response Theory (IRT). CTT has certain
limitations, including its inherent restriction by merely comparing a student’s scores
with those obtained on the same test or similar assessments. Another significant lim-
itation is that the results of the analysis may vary depending on the sample, meaning
they are influenced by the group of respondents rather than solely by the test itself.
Additionally, a notable drawback of CTT is its scoring system. In CTT, the final grade
is determined by the total sum of points. Consequently, in tests where all questions
carry the same weight, two students who answer the same number of questions cor-
rectly will receive identical scores, even if their levels of skill and knowledge differ.
The simple summation of points fails to differentiate students who provide more co-
herent responses or correctly answer more complex questions from the rest of the
students (Pasquali, 2009; Thorpe & Favia, 2012).

CTT emphasizes the total score of the test, whereas IRT centers on the individ-
ual items (questions). A student’s proficiency is assessed using a statistical model
that incorporates three key parameters: the discrimination index of the items, the
difficulty level, and the probability of answering correctly by chance (Andrade et
al., 2000). Once these parameters are estimated (in a process known as “calibra-
tion”), it becomes possible to calculate the proficiency of individuals across differ-
ent tests (Hair Jr. et al., 2005). This represents a significant advantage, particularly
in fields such as medical sciences, which aim to advance educational technologies
while also integrating and evolving the accumulated knowledge of medical stu-
dents throughout the period in which they are enrolled (Costa, 2010).

Both CTT and IRT offer critical indicators that contribute to the development
of assessments that effectively align with the taught content and yield grades that
more accurately reflect students’ proficiency. The widespread adoption of these
methodologies by educators could provide valuable insights to assist in the crea-
tion of more reliable tests for evaluating student learning.

The aim of this paper is to promote a discussion on a fairer and more accurate
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approach to the formulation of examination questions, as opposed to the methods
currently employed. This will be demonstrated through the application of CTT
and IRT in the analysis of multiple-choice questions from tests administered to
students in a one-semester Morphology course. The methodology of the present
study, albeit restricted to one subject, aims to support the discourse among any

subjects in medical education.

2. Methods
2.1. Participants and Ethical Considerations

This study is part of a project that involves all first-year disciplines of medical
graduation at Faculdade Israelita de Ciéncias da Saide Albert Einstein, a private
school of medicine in Sdo Paulo, Brazil. The main project was approved by the
Research Ethics Committee under number 51413821.6.0000.0071. In this study,
only examinations containing multiple-choice questions of the Morphology dis-
cipline were considered. The examinations were applied to students in the first
semester of 2019. A total of 4 theoretical tests (containing a total of 125 questions)
were analyzed.

The choice of this subject is due to the fact that the university has already un-
dergone a three-year adaptation phase. As a result, the professors had the oppor-
tunity to adjust their assessments based on their experience with previous cohorts
of students.

The data was extracted from the Canvas platform (Hospital Israelita Albert Ein-
stein, 2022) with the consent of the professor responsible for the course. Only the
grades of the 45 students who signed an informed consent form were analyzed. At
no point during the project were the names of students or faculty members dis-

closed.

2.2. Dataset

Four assessments from the Morphology I course, administered during the first
semester of 2019, were analyzed. The tests contained 25, 25, 25, and 50 multiple-
choice questions, respectively, covering fundamental concepts in anatomy, radi-
ology, and pathology.

For each test (1, 2, 3, and 4), a database was created in Excel, with each question
assigned a numerical identifier within the respective test (e.g., “test1_item1”). This
variable was recorded in two formats: polytomous, indicating the letter corre-
sponding to the correct answer, and dichotomous, denoting whether the answer
was correct or incorrect. Additionally, a final grade, representing the total points

obtained on each test, was also included.

2.3. Data Analysis and Theoretical Approach

For the purposes of data analysis, participants’ responses to the multiple-choice
questions—each comprising a single correct alternative—were examined. Follow-

ing the identification of the correct responses, the responses were converted into
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dichotomous items, coded as 0 (incorrect) or 1 (correct).

The psychometric properties were analyzed by both CTT and IRT. Within the
CTT framework, the following indices were calculated: item difficulty (proportion
of correct responses), discrimination index, biserial correlation, and Cronbach’s
alpha. For the IRT analysis, a three-parameter logistic (3PL) model was employed,
in which item parameters include difficulty, discrimination, and guessing.

All statistical analyses were conducted using the R statistical software (R Core
Team, 2024) and the mirt package for Multidimensional Item Response Theory,

also within the R environment (Chalmers, 2012).

2.3.1. Classical Test Theory (CTT)

In the CTT model, item difficulty is determined by the proportion of correct re-
sponses and can be used to classify items into five categories: very easy (more than
90% correct responses), easy (70% - 90%), moderate (30% - 70%), difficult (10% -
30%), and very difficult (less than 10%) (Vilarinho, 2015). In addition to the dif-
ficulty parameter, the discrimination parameter is also employed to assess item
quality. Items with discrimination values below 20% may require revision, as they
demonstrate limited ability to distinguish between higher- and lower-performing
individuals. Conversely, values equal to or greater than 40% are indicative of high-
quality items with strong discriminatory power (Condé, 2001; Pasquali, 2009; Vi-
larinho, 2015).

2.3.2. Item Response Theory (IRT)
In the context of IRT, the 3PL model for an assessment comprising /items and »

students is represented by Equation (1):
1-c,
=110 )=c, !
P(Ug/ | .I) Ct+]+exp|:_ai(9j_bi):| (1)

with 7=1,2, ..., fand, j=1, 2, ..., n, in which:

Uy is a dichotomous variable which is equal to 1 when student janswers ques-
tion 7 correctly and equal to 0 when student janswers question 7incorrectly.

6, represents the ability/latent trait of the jth individual (i.e., the individual’s
grade).

b; represents the difficulty of question 7 in the same scale of the ability. It rep-
resents a threshold parameter for the necessary ability to answer the question cor-
rectly.

a; represents the discrimination of the question 7 (i.e., the rate of change in the
probability of answering question 7 correctly in regards to the ability; the slope of
the probability function). Moreover, the value of the parameter is proportional to
the derivative of the probability function P(Uy= 1|6) at 6,= b,

¢; represents the casual probability of answering correctly question 7 (i.e., the
probability of guessing the correct answer). Moreover, the value of the parameter
is the asymptotic minimum of the probability function P (Uj;= 1|6).

P (Uy = 1|0) is the probability of the j-th individual with ability §; answering
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question 7 correctly.

These parameters are used to generate a probability function for each item, rep-
resented graphically by the Item Characteristic Curve (ICC) (Andrade et al., 2000;
Costa, 2010; Gyamfi & Acquaye, 2023). An example of such a curve is presented
in Figure 1:

1.0

0.8

nflection Point

Probability

0.0 02 04 06

4 -3 2 -1 0 1 2 3 4
Proficiency

Figure 1. Item Characteristic Curve (ICC) for a test item with
a discrimination parameter of 1.5, a difficulty parameter of 0,
and a guessing parameter of 0.2. From Wells (2021).

3. Results

The distribution of student scores across the four assessments is presented in Fig-
ure 2. Scores ranged from 54 to 100, with the majority exceeding 70% (the mini-
mum threshold required to pass the course). Greater variability was observed in
Test 4, which consisted of 50 items, in contrast to the 25 items included in the
other assessments. The larger number of items positively influenced the test’s re-
liability, as reflected by the highest Cronbach’s alpha coefficient observed in Test
4 (0.815).

Test 1 4 1 N ’7—

Test 2 4 _l_'—l_l_,—l_’—I_L L
Test 3 |_|— —
Test 4 4 4l_l—|_|_IJ—l_|_

0.5 0.6 017 0j8 0.9 1.0
Grade (0-100)

TEST

FErE

Figure 2. Distribution of test scores based on Classical Test The-
ory (CTT), represented as the sum of item scores on a 0 - 100 scale.
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Table 1. Summary of key CTT metrics for the four assessments.

Test 1 (25 questions) Test 2 (25 questions) Test 3 (25 questions) Test 4 (50 questions)

Overall Cronbach’s alpha 0.5898 0.5590 0.3675 0.8150
N questions with 100% correct answers 5 (20%) 5 (20%) 8 (32%) 7 (14%)
Biserial correlation (BC)
Number of questions with BC = 0.5 6 2 1 6
Number of questions with BC < 0.5 14 23 16 37
Facility Index (FI)
Very easy (FI > 0.9) 17 13 14 19
Easy (FI between 0.7 and 0.9) 7 9 7 24
Moderate (FI between 0.3 and 0.7) 1 3 4 7
Difficult/Very difficult (FI < 0.3) - - - -
Discrimination index (DI)
Good discrimination rate (DI > 0.4) 3 3 2 12
Good discrimination rate, with room
for improvement (ID between 2 5 6 5
0.3 and 0.4)
Moderate discrimination rate (between
4 5 2 7
0.2-0.3)
Poor discrimination rate (DI < 0.2) 16 12 15 26
26 ° :: .
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Figure 3. Scatterplot of student scores comparing IRT and CTT methods across the four assess-
ments. Pearson’s r correlation coefficients are: 0.913 (Test 1), 0.899 (Test 2), 0.855 (Test 3), and
0.951 (Test 4).
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Figure 4. Scatterplots of grades by CTT and IRT.

Table 1 presents a summary of key CTT metrics, including the difficulty (or
facility) index, Cronbach’s alpha coefficient, biserial correlation coefficient, and
discrimination index. Based on the biserial correlation values, no item approached
the ideal threshold of 1.0, suggesting a weak relationship between individual item
performance and overall test scores. According to the established difficulty classi-
fication by Condé (2001), all assessments contained a substantial proportion of
items classified as “very easy,” including some with a 100% correct response rate.
Notably, no items were categorized as “difficult” or “very difficult,” which deviates
from the recommended structure of a well-balanced test—ideally comprising a
mix of easy, moderate, and difficult items.

When comparing the scores derived from CTT and IRT, a strong correlation is
observed (Figure 3). However, IRT demonstrates superior discriminatory capacity

in distinguishing among students of varying performance levels (Figure 4).

Table 2. CTT and IRT metrics for Test 1.

CTT-related coefficients IRT parameters
Question” Cronbach’s alpha ifitem  Biserial Facility rate Discrimination Discrimination  Difficulty Guessing
excluded (overall 0.5898) correlation rate parameter parameter ~ parameter

1 0.59 0.29 0.87 0.125 0.270 -7.18 0.020

2 0.54 0.54 0.85 0.375 1.600 ~1.48 0.002

3 1.00 0

4 0.60 0.03 0.95 0.063 -0.720 4.02 0.190
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Continued

5 0.57 0.37 0.90 0.188 0.450 -5.00 0.010
6 0.55 0.53 0.92 0.250 1.930 -1.93 0.002
7 1.00 0

8 0.55 0.53 0.92 0.250 2.610 -1.71 0.001
9 1.00 0

10 0.59 0.13 0.97 0.125 5.340 -0.51 0.910
11 0.60 0.14 0.95 0.125 0.250 -10.40 0.290
12 0.63 0.19 0.74 0.188 6.630 1.09 0.700
13 1.00 0

14 0.59 0.29 0.87 0.375 7.690 -0.26 0.680
15 0.55 0.62 0.97 0.125 8.500 -2.23 0.002
16 0.59 0.14 0.95 0.125 0.120 -23.67 0.160
17 0.58 0.43 0.59 0.500 1.460 -0.33 0.001
18 1.00 0

19 0.60 0.11 0.92 0.125 9.940 -0.04 0.840
20 0.54 0.58 0.92 0.250 3.600 -1.55 0.001
21 0.58 0.30 0.97 0.125 10.630 -0.95 0.840
22 0.60 0.06 0.97 0 0.030 -129.25 0.150
23 0.54 0.56 0.79 0.563 1.470 -1.24 0.001
24 0.55 0.48 0.92 0.250 1.660 -2.10 0.003
25 0.58 0.41 0.76 0.625 11.500 0.43 0.650

*Items with 100% correct responses are highlighted; for these items, certain coefficients could not be calculated.

Item Probability Functions
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8

Figure 5. Item Characteristic Curves (ICCs) for several questions in Test 1, based on the Item Response
Theory (IRT) 3PL model. Items with 100% correct responses are unable to be displayed.
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Table 2 and Figure 5 present the Item Characteristic Curves (ICCs) derived
from the 3PL IRT model fitted to Test 1. Based on these results, items 2, 6, 8, 17,
23, and 24 exhibited the most favorable combination of parameters: low guessing
probability, high discrimination, and a clear positive relationship between student
proficiency and the probability of a correct response (Baker & Kim, 2017). These
items demonstrate greater capacity to accurately assess student knowledge and
should be prioritized for inclusion in item banks. However, in contrast, the re-
maining items showed limited discriminatory power, with similar probabilities of

correct responses among students regardless of their proficiency levels.

Table 3. CTT and IRT metrics for Test 4.

CTT-related coefficients IRT parameters
Question”  Cronbach’s alpha if item Biserial Facility rate Discrimination ~Discrimination Difficulty ~ Guessing
excluded (overall 0.8150)  correlation rate parameter parameter parameter

1 1.00 0

2 0.7979 0.706 0.76 0.750 6.78 -0.84 0.128
3 1.00 0

4 0.8158 0.106 0.95 0.083 0.16 -17.06 0.154
5 0.8109 0.446 0.97 0.083 5.16 -2.49 0.017
6 0.8129 0.291 0.97 0.083 4.25 -1.31 0.832
7 0.8094 0.426 0.92 0.167 1.50 -2.45 0.021
8 0.8089 0.484 0.95 0.167 5.16 -1.96 0.014
9 1.00 0

10 0.8139 0.224 0.92 0.167 2.51 -0.07 0.851
11 0.8168 -0.018 0.97 0 -0.17 19.87 0.144
12 1.00 0

13 0.8106 0.368 0.81 0.333 1.63 -0.56 0.523
14 0.8231 0.006 0.76 0.083 -0.18 4.67 0.197
15 0.8104 0.372 0.84 0.333 6.78 -0.31 0.631
16 1.0 0

17 0.8077 0.499 0.92 0.250 4.95 -1.72 0.015
18 0.8097 0.395 0.87 0.250 1.41 -1.95 0.039
19 0.8102 0.380 0.81 0.417 8.56 -0.29 0.577
20 0.8160 0.043 0.97 0 0.25 -14.11 0.147
21 0.8183 0.184 0.31 0.167 5.55 1.38 0.230
22 0.8134 0.239 0.95 0.083 0.77 -3.74 0.325
23 0.8096 0.418 0.52 0.583 4.23 0.74 0.371
24 0.8072 0.470 0.81 0.417 1.31 -1.65 0.020
25 0.8025 0.583 0.71 0.667 1.89 -0.83 0.067
26 0.8106 0.365 0.89 0.167 1.06 -2.64 0.029
27 0.8079 0.449 0.74 0.500 5.87 -0.12 0.470
28 0.8024 0.584 0.68 0.667 1.61 -0.81 0.017
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Continued

29 0.8150 0.205 0.87 0.250 4.51 0.02 0.757
30 0.8133 0.259 0.97 0.083 5.17 -0.73 0.920
31 0.8112 0.344 0.84 0.250 0.96 -2.13 0.048
32 0.8171 0.163 0.81 0.083 0.58 -2.71 0.034
33 0.8145 0.236 0.84 0.167 2.36 0.63 0.777
34 0.8174 0.116 0.87 0 0.32 -5.31 0.169
35 0.8130 0.336 0.47 0.333 5.98 0.79 0.314
36 0.8120 0.358 0.42 0.583 3.93 1.08 0.303
37 0.8186 0.173 0.31 0.250 2.27 1.79 0.255
38 0.8026 0.589 0.76 0.500 3.60 -0.40 0.422
39 0.8142 0.234 0.87 0.250 0.82 0.02 0.757
40 0.8151 0.227 0.81 0.250 8.59 0.05 0.650
41 0.8122 0.300 0.89 0.333 8.59 -0.65 0.675
42 0.8122 0.306 0.95 0.167 6.12 -1.13 0.730
43 0.8026 0.616 0.84 0.500 7.19 -0.96 0.334
44 1.0 0

45 1.0 0

46 0.8104 0.379 0.76 0.500 1.83 -0.05 0.541
47 0.8056 0.169 0.76 0.083 0.21 -5.13 0.076
48 0.8097 0.408 0.65 0.417 0.73 -0.90 0.044
49 0.8114 0.336 0.87 0.167 0.54 -3.90 0.042
50 0.8050 0.556 0.87 0.333 1.57 -1.89 0.021

*Items with 100% correct responses are highlighted; for these items, certain coefficients could not be calculated.

Item Probability Functions
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Figure 6. Item Characteristic Curves (ICCs) for several questions in Test 4, based on the Item Re-
sponse Theory (IRT) 3PL model. Items with 100% correct responses are unable to be displayed.
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The same analysis can be made regarding Test 4 in both Table 3 and Figure 6.
Regarding all IRT parameters (difficulty, discrimination and guessing) shown by
the ICC, questions 2, 5, 7, 8, 17, 18, 24, 25, 26, 28, 31, 32, 48, 50, 51 are the most
adequate ones.

4. Discussion

Among the four assessments, Test 4 demonstrated the most balanced distribution
of item difficulty, with an appropriate mix of easy, moderate, and difficult ques-
tions. This improved distribution may be attributed to the larger number of items,
as Test 4 was the only exam to include 50 questions—twice as many as the other
tests.

When evaluating the items with the highest CTT discrimination indices, a con-
sistent pattern emerged: all tests featured at least two highly discriminating ques-
tions related to histology. Moreover, histology items frequently appeared among
the most difficult questions according to the CTT difficulty index. Notably, two
of the most challenging items across all four tests involved the identification of
anatomical structures in images.

A comparison between highly discriminating and difficult items revealed that
the most difficult questions were rarely the most discriminating. This is likely be-
cause items that are excessively difficult and answered correctly by very few stu-
dents fail to distinguish effectively between different levels of proficiency.

In general, items that required straightforward recall tended to be rated as more
difficult under CTT analysis but appeared less difficult based on the IRT curves.
Some exceptions to this trend were observed, which may be explained by the rep-
etition of certain key questions during morphology courses. These items are often
included in assessments due to their relevance to medical residency exams, future
coursework, or clinical practice, making them familiar and easier for students.
Despite their lower difficulty, their inclusion remains justified, as they represent
essential knowledge for medical education.

Interestingly, not all items identified as high-quality by the IRT model—whether
due to strong discrimination, appropriate difficulty, or low guessing probability—
were similarly rated by CTT. This discrepancy arises because CTT evaluates each
parameter in isolation, while IRT integrates difficulty, discrimination, and guess-
ing into a single item characteristic curve. As a result, IRT provides a more com-
prehensive assessment of item performance, making it easier to determine whether
an item is suitable for evaluating student knowledge and worth retaining in a test
item bank.

Regarding student scores, the IRT-based grading appears to offer a fairer eval-
uation, as it better differentiates between students with higher proficiency and
those who may have answered more items correctly by chance. This supports the

use of IRT for more precise and informative assessment in medical education.

4.1. Limitations

The sample size of this study was low due to the limitation to only one class and
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the small number of students who agreed to participate in the study. In the future,
a larger study, with more classes and more disciplines involved, may give a better
idea about the benefits of IRT for student assessment and test calibration. Addi-
tional analyses have been conducted with other classes and subjects, although lim-
ited to the data that was available by the ethics committee of the institution. Nev-
ertheless, the numerical results presented in our article are merely illustrative and
intended to highlight the importance of encouraging educators to examine the
quality of the questions they develop. Moreover, there was no aim in drawing in-
ferences with the results, all of which reflect a very particular case.

Another limitation of this study is that some questions are repeated from pre-
vious years. If the students in the class had access to these questions previously,
maybe they were pointed out as easy, not because of the intrinsic difficulty of the
question, but because they were questions already known by the students.

A few aspects of the study design may have influenced the findings. The sam-
ple size was relatively small, as it only included students from a single class, with
participation based on voluntary consent. While the results provide meaningful
preliminary insights, future research involving larger and more diverse student
groups—across multiple classes and subject areas—may offer a more comprehen-
sive understanding of the usefulness of IRT for assessment and test calibration.

Furthermore, the use of the Morphology course as the basis for the study design
served solely as an example. This course has unique characteristics that set it apart
from other contexts. Nevertheless, it illustrates the widespread issue of poorly
constructed exam questions and underscores how Item Response Theory (IRT)
can more effectively differentiate student performance. These considerations are
highly relevant and applicable across various disciplines and fields of study.

In addition, some assessment items were reused from previous years. Although
this practice is common in educational settings, prior exposure to these questions
could have affected how students perceived their difficulty. As a result, certain
items may have appeared easier due to familiarity rather than a lower level of chal-
lenge. Still, these items are often retained in assessments due to their relevance to

foundational medical knowledge; hailed as indispensable.

4.2. Supporting the Application of CTT and IRT

Both approaches are well-supported by the literature in education (Thorpe & Fa-
via, 2012; Pasquali, 2009; Vilarinho, 2015; Andrade et al., 2000), and their imple-
mentation depends on the educator’s goals and available resources. CTT, being a
simpler method, is often easier to apply. For instance, the Canvas platform (used
in the institution where this study was conducted) automatically generates CTT-
related metrics for multiple-choice questions.

In contrast, applying IRT involves more complex procedures, particularly in
estimating item parameters and generating Item Information Curves (IICs), which
require the use of statistical software. In this study, the mirt package (Chalmers,

2012) was used for such analyses, but the R statistical environment offers many
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other specific packages for IRT analysis, such as Rirt, Birtr, shortIRT, cacIRT, Cirt,
D3mirt, eirm, em IRT, Hirt, irtoys, irtQ, irtrees, KernSmoothIRTand pcIRT. Each
package includes a reference manual with detailed guidance, a general description,
example applications, and additional bibliography.

Additionally, reading other scientific articles that apply IRT can help educators
become more familiar with the terminology and typical formats of presenting re-
sults. Recent studies have demonstrated the effective application of IRT in educa-
tional contexts, as shown in the studies by Salele et al. (2025) and Esomonu et al.
(2025). Although these examples are not about medical education, they offer some

orientations for educators seeking to enhance their assessment practices.

5. Conclusion

Although medical education has advanced significantly in recent years, there re-
mains a gap in research focused on the effectiveness of test evaluation methods.
More detailed quantitative analyses of student performance data can offer valua-
ble insights for educators—supporting improvements not only in instructional
approaches but also in the design and calibration of assessment tools. The inte-
gration of methodologies such as CTT and IRT has the potential to enhance the
quality of evaluations, as demonstrated in large-scale educational assessments
such as Brazil’s ENEM (National High School Exam) (Condé, 2001).

The findings of this study support prior hypotheses regarding the limited effi-
ciency of multiple-choice questions when used without careful validation. None-
theless, this issue can be mitigated through the application of established psycho-
metric techniques. Both CTT and IRT offer useful frameworks for identifying and
refining test items, allowing for the creation of calibrated question banks that fa-
cilitate the development of more effective and reliable assessments.

By adopting these approaches, educators can design exams with improved item
congruence and discriminatory power, leading to a more accurate measurement

of students’ true learning and knowledge acquisition.
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