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Abstract
Background  Equity and fairness are essential elements of acceptability, one of the Ottawa Criteria for good 
evaluation. The similarity of results from multiple-choice question (MCQ) tests developed under the same test 
blueprint for comparable groups can serve as empirical evidence of equity in assessment. This study aimed to 
examine whether MCQ tests prepared for repeated clerkship groups within one academic year demonstrated 
psychometric equivalence, focusing on item difficulty (DIF I) and discrimination (DI) indices as indicators of 
instrumental equity.

Methods  Five MCQ tests administered at the end of the gynecology–urology internship during the 2022–2023 
academic year were analyzed. All tests were developed in adherence to the same blueprint, ensuring identical 
content representation and cognitive level distribution. For each test, mean score, Kuder–Richardson 20 (KR-20) 
reliability coefficient, and standard error of measurement (SEM) were calculated. At the item level, difficulty index (DIF 
I), discrimination index (DI), and nonfunctional distractor (NFD) count were determined. Pairwise equivalence tests 
were conducted across five exams (ten comparisons) using 90% confidence intervals with predefined equivalence 
margins (Δ = ±0.10). Equivalence was concluded when the entire CI of the mean difference fell within these limits.

Results  Mean test scores ranged between 69 and 74; KR-20 values between 0.85 and 0.90; and SEM values 
between 3.44 and 3.64. While the mean scores differed significantly between groups (F = 3.217, p = 0.013, η² = 0.039), 
the differences were of low to moderate magnitude. All ten pairwise comparisons for both DIF I and DI met the 
predefined equivalence criterion, indicating psychometric similarity in item difficulty and discrimination across tests. 
However, none of the NFD comparisons met the equivalence criterion, suggesting minor fluctuations in distractor 
performance, likely due to technical variation rather than systematic bias.

Discussion and conclusion  The fulfillment of equivalence criteria for DIF I and DI across all comparisons provides 
empirical evidence that the exams shared comparable psychometric properties. This consistency supports the notion 
of instrumental equity, reflecting fairness through the operational equivalence of assessment tools. Although full 
equivalence was not achieved for NFD rates, the overall psychometric consistency across tests indicates that student 
cohorts were evaluated with examinations of equivalent difficulty and discriminative capacity. Adhering to the test 
blueprint ensured balanced content representation, contributing to fairness and reliability in assessment. Routine 
monitoring of test-level and item-level metrics can serve as a practical approach to maintaining equity in medical 
education assessments.
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Introduction
Key criteria for a good assessment include validity or 
consistency, reproducibility, equivalence, applicability, 
educational impact, catalytic impact, and acceptabil-
ity [1]. Assessment results affect a wide range of stake-
holders [2]. Therefore, it is critically important that 
assessment methods and outcomes are acceptable to all 
stakeholders and accurately reflect reality. Unrealistic or 
biased results may lead to a waste of time and effort for 
students and inadequate health services for the commu-
nity. This highlights the importance of acceptability and 
fairness in assessment [3, 4].

In the assessment process in medical education, it is 
crucial to ensure that students are not exposed to dis-
crimination in any form and that equity and justice are 
maintained in evaluation. Lucey et al., described equity in 
assessment as a complex and multifaceted “wicked prob-
lem” [5]. Anderson et al., addressed the concept of fair-
ness in assessment on a theoretical basis and proposed 
a three-dimensional framework comprising fairness-
oriented, assessment-for-inclusion, and justice-oriented 
approaches [6]. Within this framework, fairness-oriented 
assessment emphasizes impartiality in decision-making, 
psychometric defensibility, and accountability. A subdi-
mension of this approach, instrumental equity, focuses 
on how assessment data are used, interpreted, and com-
pared across groups. In other words, the concept of 
fairness becomes operationalized through measurable 
equivalence. From this perspective, evaluating compa-
rable student groups with examinations equivalent in 
structure, content, and psychometric characteristics can 
be regarded as an indicator of a fair and accountable 
assessment process.

Currently, multiple-choice question (MCQ) examina-
tions are the most widely used tools for assessing knowl-
edge in medical education worldwide [7–10]. MCQ 
analysis serves to evaluate student performance, compare 
groups taking the same exam, monitor exam and item 
quality, and assess program effectiveness. To ensure that 
MCQs are fit for purpose, their content must align with 
learning objectives [11]. Therefore, the use of test blue-
prints in exam preparation is recommended. Tests devel-
oped according to a blueprint not only enhance content 
validity but are also perceived by students as fairer [12].

Data obtained from standardized, blueprint-based 
examinations administered to comparable student 
groups are expected to be consistent. When testing 
conditions and item-writing standards are maintained 
equally, substantial differences between groups may indi-
cate measurement inequity rather than true performance 
variation. Therefore, comparing test results provides a 

strong empirical basis for objectively examining equity in 
assessment.

In MCQ tests, descriptive statistics such as the mean, 
median, range, standard deviation (SD), standard error of 
the mean (SEM), and the Kuder–Richardson 20 (KR-20) 
coefficient are used to evaluate test-level characteristics 
[13–16]. At the item level, indices such as the Difficulty 
Index (DIF), Discrimination Index (DI), and Distrac-
tor Efficiency (DE) are used [14, 17–20]. DIF reflects the 
relative difficulty of an item, DI measures how well an 
item discriminates between high- and low-performing 
students, and the proportion of nonfunctional distrac-
tors (NFDs) indicates item design quality. Psychomet-
ric indicators such as KR-20, SEM, DIF, and DI can thus 
serve as quantifiable metrics for monitoring fairness in 
assessment.

In Türkiye, fairness and equity in assessment remain an 
underexplored and neglected topic in medical education. 
Despite the growing global emphasis on equity frame-
works, empirical investigations examining fairness-ori-
ented and instrumentally equitable assessment practices 
are still lacking in the Turkish context. Therefore, inves-
tigating instrumental equity based on assessment data 
represents an initial step toward translating theoretical 
discussions on equity into empirical inquiry. Examining 
whether multiple MCQ examinations, prepared under 
the same blueprint and administered to comparable stu-
dent cohorts, are psychometrically equivalent provides 
a means of operationalizing fairness in assessment in an 
objective manner.

Methods
In this context, comparing examinations based on fun-
damental psychometric indicators is important for both 
testing equivalence and empirically demonstrating fair-
ness. Accordingly, this study aims to provide measurable 
evidence supporting the concept of fairness in assess-
ment within medical education.

The 5th semester program at Dokuz Eylül University 
Faculty of Medicine (DEUFM) consists of five blocks: 
skin-locomotor, emergency medicine, obstetrics and 
gynecology-urology, otorhinolaryngology-ophthalmol-
ogy, and neurosciences. Students are assigned to small 
groups with similar characteristics at the start of the pro-
gram, and these groups rotate through all blocks over the 
academic year. During the academic year, each block is 
repeated five times with different groups. In each block, 
students’ performance is assessed through task evalu-
ations conducted during the process, as well as through 
an MCQ test and an Observed Structured Clinical 
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Examination (OSCE) at the end. MCQ tests are used for 
knowledge assessment across all blocks.

This study compared data from five gynaecology-urol-
ogy clerkship tests administered as part of the 5th semes-
ter programme during the 2022–2023 academic year. For 
each group, the tests were developed according to the test 
blueprint to ensure alignment with learning objectives, 
learning objective levels (according to Bloom’ s taxon-
omy) and weighting in the block programme. To ensure 
content validity, the test blueprint was designed to ensure 
that each learning objective in the programme was tested 
by at least one MCQ [21]. When requesting MCQs from 
question writers, information about the relevant learning 
objective and objective level was provided, and question 
writers formulated their questions accordingly.

The tests comprised 120 five-choice, single-correct-
answer MCQs. All questions in the five tests were newly 
created. Before the MCQs were included in the tests, they 
were reviewed by an evaluator for potential grammatical 
or logical clues, ensuring that correct options were not 
more detailed, all options were arranged chronologically 
or numerically, and that the stem did not contain unnec-
essary information.

Statistical analysis
The data for this research were obtained from the exam 
results and item analysis results retrieved from the edu-
cation management system used in our faculty.

For each test, the mean score ± standard deviation 
(SD), minimum and maximum scores, median and range 
values, KR-20, and SEM were calculated. In addition, the 
distribution of the students according to the score groups 
was determined for each of the tests. Effect size was 
assessed using the Eta squared (η²) value [22].

The DIF I and DF values for the test items were calcu-
lated as mean ± SD, along with their minimum and maxi-
mum values. A distractor with a preference rate of less 
than 5% was considered non-functional (NFD). The num-
ber of NFDs was recorded and calculated as mean ± SD 
for each MCQ.

To determine whether the examinations were psycho-
metrically equivalent, pairwise equivalence analyses were 
performed among the five tests.

For each test pair, the mean values of the DIF I, DI and 
NFDs were compared.

Independent-samples t-tests were conducted, and 90% 
confidence intervals (CIs) were calculated for each com-
parison. Equivalence was established when the entire 
90% CI of the mean difference fell within the predefined 
equivalence bounds (Δ = ±0.10). This approach is mathe-
matically equivalent to the Two One-Sided Tests (TOST) 
procedure [23–27].

All statistical analyses were conducted using SPSS 24.0 
(IBM, Armonk, NY, United States of America).

The data used in the research were obtained ret-
rospectively from the test scores, statistics and item 
analysis results of the examinations conducted by the 
Dean’s Office of Dokuz Eylül University Faculty of 
Medicine. This research does not contain any partici-
pant data. The usage of the data has been granted per-
mission by the Dean’s Office of Dokuz Eylül University 
Faculty of Medicine. (14.09.2023/ Document number: 
E-45803587-755.02.01-726324).

The study was conducted after the approval of the 
Ethics Committee of Dokuz Eylül University for Non-
interventional Studies was obtained (file no:8338-GOA, 
Decision No:2023/30 − 07).

Theoretical framework
Fairness in assessment has increasingly been conceptu-
alized as a multidimensional construct shaped by psy-
chometric, procedural, and sociocultural elements [4]. 
Within this landscape, fairness-oriented assessment 
frameworks emphasize impartiality in decision-making, 
transparency, defensibility, and the consistent use of evi-
dence to guide judgments. Instrumental equity, a subdi-
mension described in contemporary work on assessment 
equity [6], operationalizes fairness through measurable 
equivalence across assessment forms. In this model, fair-
ness is not merely an ethical aspiration but a property 
demonstrable through observable psychometric indica-
tors—such as item difficulty, discrimination, and reliabil-
ity—which reflect whether different student groups are 
evaluated under comparable conditions.

By examining repeated MCQ examinations that were 
prepared under an identical test blueprint and admin-
istered to comparable student cohorts, this study aligns 
with theoretical perspectives that consider fairness 
an empirically testable dimension of assessment. This 
approach integrates the psychometric notion of equiv-
alence with broader educational theories of justice, 
thereby positioning instrumental equity as a practical 
mechanism for evaluating fairness in medical education 
assessment.

Results
The number of students in the internship groups ranged 
from a minimum of 60 to a maximum of 67. The test with 
the largest range was the 2nd group’s test, with a range 
of 52, while the test with the smallest range was the 5th 
group’s test, with a range of 39. Across all tests, the mean 
scores varied between 69 and 74, KR-20 values ranged 
from 0.85 to 0.90, and SEM values were between 3.44 and 
3.64 (Table 1).

When examining the distribution of students by score 
groups, it was observed that Test 2 had more students 
in the 55–59 score range than other tests, and fewer stu-
dents in the 80–84 and 85–89 score ranges. The highest 
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number of students scoring between 85 and 89 appeared 
in Test 1 (Fig. 1).

A comparison of test results based on student scores 
revealed statistically significant differences in mean test 
scores across the groups. However, the effect size analysis 
indicated that these differences were of low to moderate 
magnitude (F = 3.217, p = 0.013, and η²=0.039).

An analysis of the item statistics showed that DIF I 
values ranged from very easy to very difficult, while DI 

values ranged from very low to good. The averages for 
DIF I and DI indicated that the exams were at acceptable 
levels. (Table 2).

The MCQs in the exams were categorized based on 
the number of non-functional distractors (NFDs). In the 
Group 1 exam, all distractors functioned properly in 1.7% 
of the MCQs, whereas in the Group 5 exam, this rate was 
6.8%. MCQs with three non-functional distractors had 
the highest rate across all group tests (Table 3).

Pairwise equivalence analysis of the DIF I, DI and NFDs 
was conducted across five examinations, yielding ten 
pairwise comparisons for each parameter. All compari-
sons for both DIF I and DI satisfied the predefined equiv-
alence criterion, as the entire 90% confidence intervals 
of the mean differences were contained within the ± 0.10 
bounds. In contrast, none of the ten comparisons for 
NFDs satisfied the equivalence criterion, as all 90% confi-
dence intervals exceeded the ± 0.10 bounds. (Table 4).

Discussion
In this study, we aimed to assess the equivalence of the 
exams by analyzing the results of the MCQ tests admin-
istered at the end of the obstetrics and gynecology/urol-
ogy clerkship to five comparable student groups over the 
course of one academic year. The analysis revealed that 
the tests had similar characteristics in terms of measures 
of central tendency, score distribution, SEM, and KR-20 
values. Although a statistically significant difference was 
found in the average scores between the groups, the dif-
ferences were of low to moderate magnitude. All pair-
wise comparisons for both the Difficulty Index (DIF I) 
and the Discrimination Index (DI) met the predefined 

Table 1  Characteristics of MCQ tests
Test no No of student Max. Score Min. Score Range Mean SD Median KR20 SEM
1 64 90 47 43 74 9.2 74 0.86 3.44

2 61 92 40 52 69 10.5 70 0.88 3.64

3 60 89 46 43 71 9.3 70.5 0.85 3.6

4 65 90 43 47 72 11.4 75 0.90 3.6

5 67 91 52 39 73 8.9 74 0.85 3.45

Table 2  DIF I and DI means of MCQs by the tests
Test Minimum Maximum Mean SD

DIF I 1 .09 1.00 .73 .22

2 .06 1.00 .67 .22

3 .09 1.00 .71 .21

4 .11 1.00 .70 .21

5 .14 1.00 .73 .22

DI 1 − .12 .71 .23 .19

2 − .19 .69 .25 .18

3 − .12 .81 .23 .18

4 − .33 .72 .27 .19

5 − .11 .72 .22 .18

Table 3  Distribution and means of MCQs in the tests according to the number of NFDs
Test NFDs Mean ± SD NFD

0 1 2 3 4
1 Count 2 16 22 48 29 2.27 ± 1.04

% 1.7 13.7 18.8 41.0 24.8

2 Count 6 24 28 41 21 2.39 ± 1.14

% 5.0 20.0 23.3 34.2 17.5

3 Count 6 21 27 42 24 2.48 ± 1.15

% 5.0 17.5 22.5 35.0 20.0

4 Count 7 18 34 39 21 2.41 ± 1.12

% 5.9 15.1 28.6 32.8 17.6

5 Count 8 21 26 31 31 2.48 ± 1.25

% 6.8 17.9 22.2 26.5 26.5

Fig. 1  Distribution of students by score groups
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equivalence criterion. However, none of the ten compari-
sons for nonfunctional distractors (NFDs) met the equiv-
alence criterion.

Designing the tests according to the blueprint ensured 
that all learning objectives were represented in each 
exam, with an equal distribution of the same objectives. 
This approach strengthened both the content validity 
and internal consistency of the tests. Moreover, the fact 
that the MCQs were developed by instructors actively 
involved in the clerkship program, and that detailed 
information about the learning objectives and their cog-
nitive levels was shared with them, may have contributed 
to these consistent outcomes. The instructors were there-
fore aware of the topics and levels at which they needed 
to prepare MCQs.

Although our goal is always to obtain the most accurate 
results, measurement outcomes inevitably contain some 
degree of error. SEM values allow us to assess the extent 
of error in students’ scores [13]. The SEM values across 
the tests were nearly identical (3.44, 3.64, 3.6, 3.6, and 
3.45, respectively), indicating that measurement error 

was consistent for all groups, with no group appearing to 
have an advantage or disadvantage over others.

For end-of-course or end-of-year exams, a KR-20 value 
of 0.80 or above is generally considered acceptable [27, 
28]. In our tests, KR-20 values ranged between 0.85 and 
0.90, demonstrating high internal consistency across all 
tests, with very similar KR-20 values for each. Although 
the mean scores differed significantly between the groups 
(F = 3.217, p = 0.013, η² = 0.039), the differences were of 
low to moderate magnitude. This suggests that the varia-
tions likely stemmed from minor differences among the 
student groups rather than from the tests themselves. If 
the differences had been due to test design, other psy-
chometric indicators would also have shown variation. 
Furthermore, since the assessment of internship success 
at our faculty includes multiple methods beyond a single 
MCQ test, this multimodal approach likely mitigates any 
limitations that could arise from the test design.

The fulfillment of equivalence criteria for both DIF I 
and DI across all pairwise comparisons provides strong 
empirical evidence that the examinations shared a com-
parable psychometric structure. This finding suggests 

Table 4  Pairwise equivalence testing of DIF, DI and NFDs across five examinations
Comparison Mean difference (ΔM) 90% CI of ΔM Equivalence bounds (±Δ) Equivalent?

DIF Exam 1–2 0.0620 [.01488, .01488] ± 0.10 +

Exam 1–3 0.0293 [-.01704, .07561] +

Exam 1–4 .03454 [-.01103, .08010] +

Exam 1–5 .00761 [-.03917, .05438] +

Exam 2–3 − .03267 [-.07919, .01385] +

Exam 2–4 − .02742 [-.07321, .01837] +

Exam 2–5 − .05435 [-.10133, .00737] +

Exam 3–4 .00525 [-.03987, .05028] +

Exam 3–5 − .02168 [-.06791, .02454] +

Exam 4–5 − .02693 [-.07239, .01854] +

DI Exam 1–2 − .02256 [-.06239, .01728] +

Exam 1–3 .00244 [-.03750, .04239] +

Exam 1–4 − .04323 [-.08416, − .00230] +

Exam 1–5 .00487 [-.03570, .04544] +

Exam 2–3 .02500 [-.01360, .06360] +

Exam 2–4 − .02068 [-.06026, .01891] +

Exam 2–5 .02743 [-.01178, .06663] +

Exam 3–4 − .04568 [-.08537, − .00598] +

Exam 3–5 .00243 [-.03689, .04174 ] +

Exam 4–5 .04810 [.00779, .08841] +

NFDs Exam 1–2 .142 [.109, .577] -

Exam 1–3 .260 [.026, .495] -

Exam 1–4 .323 [.091, .556] -

Exam 1–5 .256 [.008, .504] -

Exam 2–3 − .083 [-.327, .160] -

Exam 2–4 − .020 [-.262, .222] -

Exam 2–5 − .087 [-.343, .170] -

Exam 3–4 .063 [-.179; .305] -

Exam 3–5 − .004 [-.261, .253] -

Exam 4–5 − .067 [-.322, .188] -
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that each test consisted of items with similar levels of 
difficulty and discriminative power, administered under 
comparable testing conditions. From an educational per-
spective, this indicates that different student groups were 
evaluated through examinations of equivalent cognitive 
demand and measurement quality. Such consistency sup-
ports the notion of instrumental equity, which empha-
sizes fairness through the operational equivalence of 
assessment instruments.

Psychometric equivalence in item difficulty and dis-
crimination is a crucial indicator of fairness-oriented 
assessment design. Downing [27] emphasized that the 
reproducibility and stability of psychometric proper-
ties across test forms are essential for maintaining fair-
ness and defensibility in assessment. Similarly, Schuwirth 
and van der Vleuten [29] noted that equivalence between 
test versions ensures that performance differences reflect 
actual differences in competence rather than inconsisten-
cies in measurement. Tavakol et al. [5] further highlighted 
that maintaining equivalent psychometric characteristics 
across groups demonstrates impartiality and accountabil-
ity in assessment practices—core elements of fairness in 
medical education.

In the context of this study, achieving equivalence 
in DIF I and DI supports the inference that the blue-
print-guided construction of examinations successfully 
ensured comparable item composition and psychometric 
quality. Consequently, it can be argued that the assess-
ment process treated student cohorts equitably, uphold-
ing fairness not only conceptually but also empirically. 
These findings contribute to the growing discourse on 
fairness in medical education assessment, reinforcing the 
view that psychometric equivalence represents a measur-
able dimension of justice-oriented evaluation practices.

The NFD rate observed in our study was slightly higher 
than those reported in comparable studies [30–32]. How-
ever, full equivalence in the rate of NFDs across exami-
nations was not achieved. This relatively higher NFD 
rate may be attributed to the fact that, unlike in some 
other studies, the MCQs used in this research included 
five options instead of four [33, 34]. Moreover, all MCQs 
were used for the first time and therefore had not under-
gone any post-hoc review process aimed at eliminating 
nonfunctioning distractors.

In addition, the acceptable mean DIF I values indicate 
that the influence of NFDs on item difficulty was not 
substantial [33]. The lack of equivalence in NFD counts 
likely reflects small, random variations in item-writing 
practices rather than systematic bias. Tarrant and Ware 
[35] emphasized that the efficiency of functional distrac-
tors is a major determinant of item quality and that a cer-
tain degree of variability between test administrations is 
to be expected. Similarly, Downing [36] noted that minor 

inconsistencies in distractor quality do not necessarily 
compromise test validity unless they occur systematically.

All MCQs in this study were newly developed and 
administered for the first time. Designing items that 
assess the same learning objectives and cognitive levels 
across five examinations within a single academic year 
poses a considerable challenge for item writers. Conse-
quently, their primary focus may have been on formulat-
ing correct options rather than refining distractor quality. 
In this context, the observed inequalities in NFD rates are 
more likely to reflect minor technical differences and nat-
ural variation in item development processes rather than 
any compromise in the overall fairness of the assessment.

Our results demonstrate that the tests administered 
five times during one academic year in the internship 
program, while adhering to the test blueprint, produced 
comparable outcomes across all psychometric indica-
tors evaluated. Based on measures of central tendency, 
SEM, KR-20, DIF I, and DI values, it can be concluded 
that equitable examinations were prepared for all groups. 
Adherence to the blueprint ensured that each test repre-
sented the same learning objectives with balanced cogni-
tive coverage, thereby supporting both content validity 
and fairness in the evaluation process.

This study contributes to the literature by demonstrat-
ing how psychometric equivalence—particularly via DIF 
I and DI measures—can serve as empirical evidence of 
instrumental equity. While much of the fairness literature 
emphasizes conceptual definitions or structural inequi-
ties, this study provides a methodological example of 
how fairness can be operationalized and measured across 
repeated assessments. By linking theoretical perspectives 
on fairness with practical equivalence testing, the study 
supports the integration of psychometric analysis into 
justice-oriented assessment frameworks.

Limitations
This study has several limitations. First, the analysis 
relied entirely on psychometric data; perceptions of fair-
ness among students and educators were not examined, 
limiting interpretive depth. Second, all MCQs were newly 
written and used for the first time without prior pilot-
ing, which may have influenced distractor functioning. 
Third, equivalence testing was conducted at the test level 
rather than at the individual item level, which may over-
look finer-grained item performance patterns. Finally, as 
the study was conducted within a single institution and 
clerkship program, generalizability to other contexts may 
be limited.

Conclusion
Ensuring equity and fairness in evaluation is essential 
for maintaining both the acceptability and defensibil-
ity of assessments in medical education. This study 
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demonstrates that when multiple-choice examinations 
are developed under a clearly defined blueprint and key 
psychometric parameters—such as SEM, KR-20, DIF I, 
and DI—are systematically monitored, fairness can be 
empirically verified through instrumental equity.

The blueprint not only standardizes the test structure 
but also ensures comparable cognitive representation 
across exams, thereby promoting fairness through psy-
chometric equivalence. Regular monitoring of test char-
acteristics and item-level indicators strengthens internal 
quality assurance and provides a practical framework for 
ensuring equivalence across examinations.

Collectively, these practices help translate fairness in 
assessment from an abstract principle into a measurable, 
evidence-based dimension of educational evaluation.
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