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Abstract
Background

Accurate measurement of contraceptive knowledge among medical students remains a critical
challenge due to limitations of traditional assessment tools. This study aimed to develop and validate
the Clinical Contraceptive Knowledge Test (CCKT) using a modern psychometric framework.

Methods

A cross-sectional multicenter study was conducted among undergraduate medical students in Vietnam
(723 recruited; 636 retained for analysis). The instrument was developed through four sequential phases:
(1) Item generation based on Bloom’s taxonomy and WHO Medical Eligibility Criteria (MEC), (2) expert
review for content validity, (3) pilot testing using Classical Test Theory, and (4) large-scale validation
using Item Response Theory. A two-parameter logistic (2PL) IRT model was applied to evaluate item
characteristics, dimensionality, and measurement precision.

Results

The final instrument, CCKT-18, demonstrated strong psychometric performance. A unidimensional 2PL
model was retained based on comparable fit to multidimensional models and high inter-factor
correlations (r > 0.80). Model fit indices indicated good fit (CFI =0.983, TLI = 0.980, RMSEA = 0.036,
SRMR =0.039). The scale showed high measurement precision across a broad range of ability levels,
with peak information around the average proficiency level (marginal reliability = 0.844). ltem parameters
were stable in sensitivity analyses (ACFI = 0.003), supporting model robustness. DIF analyses supported
measurement invariance across sex, although several items demonstrated DIF across the training stage.

Conclusion

The CCKT-18 is a valid, reliable, and robust instrument for assessing contraceptive knowledge among
medical students. Its IRT-based framework enables precise, competency-oriented evaluation and
provides actionable insights for targeted curriculum improvement in reproductive health education.

1. Background

Contraception is a critical primary prevention strategy, and equitable access to contraceptive care is
recognized as a fundamental human right.! However, the world currently faces severe reproductive
health challenges, with approximately 73 million abortions occurring annually, accounting for 61% of all
unintended pregnancies and 29% of total pregnancies globally.? Notably, Vietnam has the highest
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abortion rate in Asia and ranks second globally, with 53.6% of these cases attributable to unintended
pregnancies.? Against this backdrop, high-quality contraceptive counseling serves as a core intervention
- a psychosocial support process that empowers patients to make evidence-based decisions. Empirical
evidence confirms that effective counseling improves patient adherence and reduces the incidence of
unintended pregnancies. To standardize this practice, the World Health Organization (WHO) introduced
the Medical Eligibility Criteria for Contraceptive Use (MEC), guiding healthcare providers in selecting
safe, individualized contraceptive methods.*

Medical students are the future nucleus of the reproductive healthcare workforce. Multinational studies
from India and Malaysia to Egypt indicate that, despite excelling academically, medical students
consistently lack practical knowledge of modern contraceptives and the clinical skills to apply WHO MEC
standards.®”’ In Vietnam, while family planning counseling is a mandatory graduation competency,
students exhibit profound practical knowledge gaps. A recent Vietnamese survey indicated that only
52.5% of health science students possess adequate contraceptive knowledge.

Quantifying these educational gaps to inform curriculum reform requires precise measurement
instruments. However, legacy tools, such as the Contraceptive Knowledge Assessment (CKA), exhibit
significant methodological limitations.® Predicated solely on Classical Test Theory (CTT), these scales
evaluate competency by aggregating raw scores, which assume equal item weighting and yield an
imprecise measure of latent clinical competence. Furthermore, modern psychometric techniques such
as Item Response Theory (IRT), which can independently estimate item difficulty and discrimination to
provide highly precise assessments of student ability, remain notably underutilized in medical education
research in this region. To the best of our knowledge, no validated IRT-based instrument for assessing
contraceptive knowledge among medical students currently exists, either in Vietnam or internationally.

Therefore, our study aimed to develop and validate the Clinical Contraceptive Knowledge Test (CCKT)
through a sequential psychometric framework, integrating CTT for preliminary screening with IRT for
advanced validation. Both unidimensional and multidimensional Two-Parameter Logistic Item Response
Theory (2PL-IRT) model specifications were systematically evaluated to empirically identify the most
parsimonious and psychometrically robust structure. This approach enables precise, competency-
oriented assessment of contraceptive knowledge and may help identify specific curricular deficits to
support targeted medical education reforms.

2. Methods
2.1 Study Design

The present research was conducted as part of the broader V-COC Study (Readiness and determinants
of contraceptive counseling behavior among Vietnamese medical students: A nationwide study). This
study employed a cross-sectional, multicenter design to develop and validate the CCKT among
undergraduate medical students in Vietnam, conducted from 31 August 2025 to 20 April 2026. The study

Page 4/27



is reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines. The validation process comprised four sequential phases: (1) item generation, (2)
expert review for content validity, (3) pilot testing, and (4) large-scale psychometric validation.

2.2 Study Setting and Participants

Five medical universities in Vietnam participated in the study: Hanoi Medical University (main campus
and Thanh Hoa campus), Thai Nguyen University of Medicine and Pharmacy, Hai Phong University of
Medicine and Pharmacy, and the Faculty of Medicine at Phenikaa University. These institutions were
selected to achieve geographic diversity across northern Vietnam and to represent variation in
institutional size and student profiles.

At each participating institution, a designated on-site research contact - typically a faculty member or
senior student researcher affiliated with the study team - coordinated in-person data collection. The
research contact visited classrooms across all six academic years (Year 1 through Year 6) of the
undergraduate Doctor of Medicine program, during which students completed a structured self-
administered questionnaire hosted on the KoBoToolbox platform on their personal devices. Participants
were recruited through convenience sampling. Each account was restricted to a single submission to
prevent duplicate responses.

Eligibility criteria were: (i) current enrollment as an undergraduate student in a Doctor of Medicine
program at a participating institution, (ii) provision of electronic informed consent, and (iii) complete
questionnaire submission. Participants were excluded if they had incomplete responses, exhibited
invalid response patterns (e.g., completion time under 3 minutes or failed attention-check items), or had
missing key demographic data.

2.3 Instrument Development

Phase 1 - Item generation. An initial 27-item knowledge scale was developed through a structured
literature review, with two researchers independently searching PubMed, Scopus, and Embase. Items
were grounded in two WHO evidence-based guidelines*® and mapped onto Bloom's Revised Taxonomy
across three cognitive levels: Recall, Understanding, and Application. Items were formatted as
‘True/False/l don't know' to minimize guessing-induced measurement error. The full English version of
the developed questionnaire is provided in Supplementary Table Sé6.

Phase 2 - Expert review and content validity. Content validity was assessed by a panel of six specialists
in reproductive health, medical education, and psychometrics. Each item was rated on a 4-point Likert
scale for relevance and clarity. Agreement was quantified using the Item-Level Content Validity Index (I-
CVI), Scale-Level Content Validity Index (S-CVI/Ave), and the modified Cohen's Kappa (k*) to adjust for
chance agreement, following Polit et al. and Lynn.'®'" Based on quantitative metrics (I-CVI threshold:
0.83) and qualitative panel feedback, one item was removed and two were revised in accordance with
WHO guidelines, yielding a 26-item instrument.
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Phase 3 - Pilot testing. A pilot study was conducted among 100 undergraduate medical students at
Hanoi Medical University (isolated from the main validation sample). Classical Test Theory (CTT)
analyses — item difficulty, discrimination, item-total correlations, and KR-20 internal consistency — were
performed as an initial screening reference. The pilot demonstrated adequate preliminary reliability (KR-
20 =0.854). These CTT results informed subsequent IRT-based refinement but did not serve as definitive
retention criteria.

Main Validation (Phase 4)

Of 723 responses collected, 636 were retained for the main analytical dataset following removal of 87
responses that failed attention checks (n=71) or had a completion time of less than 3 minutes (n = 16).
Response coding assigned 1 to correct answers and 0 to both incorrect and 'l don't know' responses to
penalize guessing. A secondary strict-clean dataset (n = 545) was derived by additionally excluding
responses with low response variation, multivariate outliers (Mahalanobis distance), long string or
straightlining patterns, and extreme total scores (Fig. 1). The primary model was developed on the full
dataset; the strict-clean dataset was reserved for sensitivity analyses.

2.4 Statistical Analyses

All analyses were performed in R version 4.6.0. CTT pilot analyses were conducted in SPSS. IRT analyses
used the mirt package with marginal maximum likelihood (MML) estimation for unidimensional models
and the quasi-Monte Carlo expectation-maximization (QMCEM) method for multidimensional models.
Parallel analysis used tetrachoric-correlation-based simulation via the psych package.

Dimensionality assessment. Parallel analysis on a tetrachoric correlation matrix was performed to
determine the number of latent factors. Scree plots and eigenvalue ratios were used to evaluate the
dominant-factor hypothesis.

IRT model selection and item reduction. A two-parameter logistic (2PL) model was applied to estimate
item discrimination (a) and difficulty (b) parameters. To identify the most parsimonious representation,
seven competing models were evaluated across both the 26-item and 18-item versions, spanning
unidimensional (1D) and multidimensional (2D, 3D, 4D) IRT specifications. Model selection followed the
parsimony principle: the simplest model with fit indices comparable to those of more complex
specifications was retained. ltems were iteratively removed if they failed any of the following criteria: (i)
discrimination a < 0.80, (ii) item-level misfit by S-X2 statistic (p < 0.05), or (iii) local dependence by Yen's
Q3 (1Q3| > 0.20).

Model fit evaluation. Model fit was assessed using the Comparative Fit Index (CFl), the Tucker-Lewis
Index (TLI), the Standardized Root Mean Square Residual (SRMR), and the Root Mean Square Error of
Approximation (RMSEA), with thresholds of CFI/TLI>0.95, SRMR < 0.10, and RMSEA < 0.10. Given the
binary item format and relatively low degrees of freedom, a relaxed RMSEA threshold (< 0.10) was
applied to account for known upward bias in these conditions.
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Differential item functioning (DIF). DIF was evaluated across sex (male vs. female) and training stage
(preclinical vs. clinical) using likelihood-ratio tests within a multi-group 2PL IRT framework, with
Benjamini—Hochberg false discovery rate (FDR) correction applied for multiple comparisons. In the IRT
framework, item-level DIF analysis serves as the functional analog of measurement invariance testing in
factor-analytic approaches, evaluating whether items function equivalently across subgroups.
Measurement precision was examined via the Test Information Function (TIF) and Wright map.

Sensitivity analysis. The 2PL model was re-estimated on the strict-clean dataset, and changes in model
fit (ACFI) and item parameters (Aa, Ab) were assessed. Stability of parameter rank ordering was
interpreted as evidence of structural robustness.

3. Results
3.1 Sample characteristics

A total of 636 participants were included in the main analytical dataset (723 recruited; 87 excluded for
failed attention checks [n = 71] or short completion time [n = 16]). The strict-clean dataset retained 545
participants after further removal of low-quality responses. The two samples were comparable across all
demographic and outcome variables (all p > 0.05; Table 1). Females comprised 55.6% of the main
sample; 68.2% were in the preclinical stage. The mean raw knowledge score was 15.43 £ 4.97 out of 26
(Table 1).
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Table 1

Demographic Characteristics and Raw Score Distribution

Characteristic

Sex, n (%)

Male

Female

Academic year, n (%)
Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Training stage, n (%)
Preclinical

Clinical

Institution, n (%)

Hanoi Medical University
Hanoi Medical University, Thanh Hoa campus

Thai Nguyen University of Medicine and
Pharmacy

Hai Phong University of Medicine and
Pharmacy

Faculty of Medicine, Phenikaa University
Residence, n (%)

Urban

Rural

Religion, n (%)

Main dataset

N=636

282 (44.4%)
353 (55.6%)

150 (23.6%)
176 (27.7%)
108 (17.0%)
102 (16.0%)
48 (7.5%)
52 (8.2%)

434 (68.2%)
202 (31.8%)

221 (34.7%)
93 (14.6%)
178 (28.0%)

95 (14.9%)

49 (7.7%)

297 (46.7%)
339 (53.3%)

TPearson's Chi-squared test; Welch Two Sample t-test

Strict-clean
dataset

N =545

226 (41.5%)
318 (58.5%)

122 (22.4%)
141 (25.9%)
96 (17.6%)
91 (16.7%)
48 (8.8%)
47 (8.6%)

359 (65.9%)
186 (34.1%)

174 (31.9%)
81 (14.9%)
166 (30.5%)

83 (15.2%)

41 (7.5%)

244 (44.8%)
301 (55.2%)

value'

0.352

0.932

0.423

0.852

0.546

>0.999
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Characteristic Main dataset

N =636
Yes 18 (2.8%)
No 618 (97.2%)
Ethnicity, n (%)
Kinh 544 (85.5%)
Other 92 (14.5%)
History of sexual experience, n (%)
Yes 128 (20.1%)
No 508 (79.9%)
History of using contraception, n (%)
Yes 128 (20.1%)
No 508 (79.9%)
Received SRH education, n (%)
Yes 492 (77.4%)
No 144 (22.6%)
Completed Ob/Gyn clinical rotation, n (%)
Yes 223 (35.1%)
No 413 (64.9%)
Self-rated confidence in contraceptive
knowledge (0-10)
Mean + SD 711 +1.77
Median (Q1, Q3) 7.00 (6.00, 8.00)
Raw knowledge score (0-26)
Mean + SD 15.43+4.97
Median (Q1, Q3) 15.00 (12.00,
18.00)

TPearson's Chi-squared test; Welch Two Sample t-test

Strict-clean
dataset

N = 545
15 (2.8%)
530 (97.2%)

462 (84.8%)
83 (15.2%)

108 (19.8%)
437 (80.2%)

107 (19.6%)
438 (80.4%)

427 (78.3%)
118 (21.7%)

202 (37.1%)
343 (62.9%)

7.15+1.70

7.00 (6.00, 8.00)

15.62+5.04

15.00 (12.00,
19.00)

value'

0.775

0.953

0.890

0.735

0.513

0.704

0.520

3.2 Classical Test Theory analyses
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Internal consistency was good in both samples (KR-20 = 0.839 and 0.845 in the main and strict-clean
datasets, respectively).

3.3 Dimensionality

Parallel analysis identified seven eigenvalues exceeding 1.0 (8.804, 2.170, 1.681, 1.454, 1.285, 1.115,
1.051; Table S3), with the first eigenvalue accounting for 33.9% of variance - markedly larger than
subsequent factors. A clear scree plot elbow after the first factor (Figure S1) and the dominant variance
ratio collectively supported an essentially unidimensional structure, with minor secondary components
reflecting local content variation rather than distinct latent dimensions.

3.4 IRT model selection and item reduction

Seven competing IRT models - spanning unidimensional (1D) and multidimensional (2D, 3D, 4D)
specifications - were evaluated across both the 26-item and 18-item versions (Table 2). For the 26-item
scale, the 3D MIRT and 1D models showed virtually identical fit (CFI 0.944 vs 0.940; RMSEA 0.048 vs
0.049). For the 18-item version, the 3D, 2D, and 1D models were again indistinguishable (CFI 0.983;
RMSEA 0.036), and inter-factor correlations in the multidimensional solution were high (r = 0.802-
0.974). Applying the parsimony principle, the reduced 18-item unidimensional 2PL model (Model 7) was
retained as the final instrument (CFI =0.983, TLI = 0.980, RMSEA = 0.036, SRMR = 0.039).
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Table 2
Fit indices of the Iltem Response Theory (IRT) models

Model X2/ df M2 df p- RMSEA SRMR CFlI TLI
value (95% CI)

Model 1: 5.48 1,637.183 299 < 0.084 0.162 0.823 0.807
MIRT 4D 0.001 (0.080-

(26 items) 0.088)

Model 2: 2.43 720.562 296 < 0.048 0.050 0.944 0.938
MIRT 3D 0.001 (0.043-

(26 items) 0.052)

Model 3: 3.49 1,044.538 299 < 0.063 0.143 0.901 0.893
MIRT 2D 0.001  (0.059-

(26 items) 0.067)

Model 4: 2.51 751.156 299 < 0.049 0.051 0.940 0.935
IRT 1D (26 0.001  (0.044-

items) 0.053)

Model 5: 1.84 242.230 132 < 0.036 0.039 0.983 0.980
MIRT 3D 0.001 (0.029-

(18 items) 0.043)

Model 6: 1.81 242.692 134 < 0.036 0.039 0.983 0.980
MIRT 2D 0.001 (0.028-

(18 items) 0.043)

Model 7: 1.82 245.099 135 < 0.036 0.039 0.983 0.980
IRT 1D (18 0.001 (0.029-

items) 0.043)

Note. MIRT = multidimensional item response theory; IRT = item response theory. Model 1 (MIRT 4D)
represented a four-domain structure based on content areas: B1 = General reproductive knowledge; B2
= Contraceptive methods; B3 = Mechanisms of action; and B4 = Clinical/WHO Medical Eligibility Criteria
(MEC). Models 2 and 5 (MIRT 3D) represented a three-factor structure based on Bloom’s taxonomy
domains: Recall, Understanding, and Application. Models 3 and 6 (MIRT 2D) represented a two-factor
cognitive structure in which Recall and Understanding were combined as lower-order cognition, while
Application represented higher-order cognition. Models 4 and 7 (IRT 1D) were unidimensional IRT
models that assumed a single latent trait.

Item reduction from 26 to 18 items proceeded iteratively: six items were removed for poor discrimination
(a<0.80; Table S4), and two for local dependence (B.2.1-B.3.4: |Q3| = 0.272; B.4.8-B.4.7: |Q3| = 0.456;
Table S5). Among the 18 retained items, three required additional consideration: item B.2.6 had
discrimination marginally below threshold (a = 0.687); items B.3.3 and B.3.5 showed emergent misfit in
the 18-item model (S-X2 p = 0.006 and 0.044, respectively) despite adequate fit in the 26-item pool; and
item pair B.3.2-B.3.6 marginally exceeded the local independence threshold (|Q3| = 0.203). These items
were retained on substantive grounds; the rationale is discussed below.

Item parameters for the CCKT-18 are shown in Table 3. Discrimination ranged from 0.687 (B.2.6) to
2.374 (B.3.2), and difficulty from - 3.86 (B.3.4) to 1.08 (B.2.3).
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Table 3
IRT 2PL model parameters for the CCKT-18

Item Discrimination Difficulty S-X2 p S-X2
B.1.6 0.805 -3.342 15.875 0.146
B.22 2155 0.735 19.028 0.088
B.2.3 1.605 1.081 15.773  0.202
B.2.5 0.913 -0.433 11.205 0.670
B.2.6 0.687 -1.615 20.927 0.104
B.2.7 1.408 0.801 13.305 0.425
B.3.1 1.971 -0.539 9.624 0.474
B.3.2 2374 0.589 7.453 0.761
B.3.3 1.675 0.432 29.309 0.006
B.3.4 0.895 -3.860 7.069 0.630
B.3.5 2175 0.379 20.091 0.044
B.3.6 1.402 0.231 16.200 0.239
B.41 1.270 -0.312 6.287 0.935
B.42 1.844 -0.007 4.512 0.952
B.43 2.259 0.744 9.646 0.562
B.4.4 1.665 0.094 9.148 0.690
B.46 1.718 0.443 7.162 0.894
B.4.7 1.423 -0.258 13.823 0.243

The person—item map demonstrated good alignment between student ability and item difficulty in the
final 18-item mode (median 6 = -0.03; Fig. 2).

3.5 Differential item functioning

No items demonstrated significant DIF across sex after Benjamini—Hochberg FDR correction (all
adjusted p > 0.05), supporting measurement invariance between male and female participants. Four
items showed significant DIF across the training stage: B.2.2 (adjusted p = 0.026), B.2.3 (p < 0.001), B.2.7
(p<0.001),and B.4.2 (p = 0.049) - all involving guideline-based clinical decision-making competencies
(Table 4).
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Table 4
Differential item functioning (DIF) analysis of the CCKT-18

Item  Gender Training stage
X2 Non-adjusted p- Adjusted p- X2 Non-adjusted p- Adjusted p-

value value value value
B.1.6 419 0.123 0.325 0.19 0.909 0.963
B.22 221 0.331 0.663 10.90 0.004 0.026
B.2.3 0.28 0.868 0.894 18.30 0.000 0.001
B.2.5 4.42 0.110 0.325 4.19 0.123 0.317
B.26 1.01 0.602 0.774 1.69 0.429 0.536
B.2.7 8.51 0.014 0.135 21.69 0.000 0.000
B.3.1 1.68 0.431 0.705 4.63 0.099 0.297
B.3.2 1.50 0.473 0.709 0.20 0.905 0.963
B.3.3 841 0.015 0.135 2.81 0.246 0.491
B.3.4 1.31 0.520 0.720 6.95 0.031 0.112
B.3.5 1.97 0.373 0.672 1.74 0.419 0.536
B.3.6 6.28 0.043 0.260 1.61 0.446 0.536
B.41 5.03 0.081 0.325 3.32 0.190 0.427
B.42 022 0.894 0.894 9.04 0.011 0.049
B.43 328 0.194 0.437 1.81 0.405 0.536
B.44 033 0.847 0.894 2.37 0.305 0.500
B.46 047 0.791 0.894 2.50 0.286 0.500
B.47 414 0.126 0.325 0.07 0.967 0.967

3.6 Scale reliability and measurement precision

The CCKT-18 demonstrated good overall measurement precision (marginal reliability = 0.844). The TIF
peaked at 6 = 0.462 (information = 10.4, SE = 0.310, conditional reliability = 0.913). High precision (SE <
0.45; reliability = 0.80) was maintained across 6 = -0.784 to + 1.51, covering the ability range of most
medical students (Fig. 3). Precision declined at extreme ability levels, consistent with the item difficulty
ceiling (maximum b = 1.08).

3.7 Sensitivity analysis
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Model fit was highly stable across datasets (ACFI = 0.003, well below the 0.01 threshold; Table 5).

Table 5
Sensitivity analysis of model fit indices for the CCKT-18

Model x3/df M2 df p- RMSEA (95% SRMR CFI TLI
value Cl)

Main dataset 1.82 245099 135 < 0.036 (0.029- 0.039 0.983 0.980
0.001 0.043)

Strict-clean 1.64 222072 135 < 0.034 (0.026- 0.040 0.985 0.983

dataset 0.001 0.042)

Item parameters showed negligible variation: most |Aa| < 0.15 and |Ab| < 0.10, with the largest shift
observed for B.3.4 (|Ab| = 0.408). Parameter rank ordering was fully preserved across datasets (Table 6),
confirming structural robustness.
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Table 6
Sensitivity analysis of item parameters for the CCKT-18

Item  Discrimination Difficulty

Main Strict-clean Index Main Strict-clean Index

dataset dataset change dataset dataset change
B.1.6  0.805 0.820 0.015 -3.342 -3.448 -0.107
B.22 2155 2.310 0.155 0.735 0.661 -0.074
B.2.3 1.605 1.722 0.117 1.081 1.049 -0.033
B.2.5 0.913 0.860 -0.053 -0.433 -0.533 -0.100
B.2.6 0.687 0.681 -0.006 -1.615 -1.637 -0.023
B.2.7 1.408 1.403 -0.005 0.801 0.760 -0.041
B.3.1 1.971 1.949 -0.022 -0.539 -0.557 -0.018
B.3.2 2374 2.691 0.317 0.589 0.513 -0.076
B.3.3 1.675 1.711 0.036 0.432 0.373 -0.059
B.3.4 0.895 1.136 0.241 -3.860 -3.452 0.408
B.3.5 2175 2.321 0.146 0.379 0.338 -0.041
B.3.6 1.402 1.428 0.027 0.231 0.215 -0.016
B.41 1.270 1.388 0.118 -0.312 -0.323 -0.010
B.42 1.844 1.950 0.106 -0.007 -0.024 -0.017
B.4.3 2.259 2.531 0.273 0.744 0.724 -0.020
B.4.4 1.665 1.644 -0.021 0.094 0.051 -0.043
B.46 1.718 1.719 0.001 0.443 0.392 -0.051
B.4.7 1.423 1.551 0.128 -0.258 -0.306 -0.048

4. Discussion
4.1 Principal Findings

This study developed and validated the CCKT using an IRT framework, resulting in a refined 18-item
unidimensional instrument (CCKT-18) derived from the original 26-item pool. The final scale
demonstrated three core psychometric strengths: high measurement precision across a wide range of
latent ability levels, strong structural validity, and robust model stability.'? Specifically regarding
structural validity, although exploratory analyses initially suggested multidimensionality, the presence of
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a strong dominant factor, exceptionally high inter-factor correlations, and near-identical fit indices
between the 3D and 1D models strongly justified adopting a parsimonious unidimensional structure.'3
By moving beyond traditional raw scores, the CCKT-18 provides a precise, clinically meaningful
assessment of contraceptive knowledge, serving as a psychometrically sound tool for competency
evaluation.

4.2 Structural Refinement and Item Reduction

The reduction from 26 to 18 items represents a deliberate psychometric optimization process rather
than a limitation in data-capturing capacity. Notably, items were not excluded based on extreme difficulty
levels; in fact, highly accommodating items (such as item B.3.4) were retained to assess baseline
competencies and ensure comprehensive coverage across the ability continuum.'® Instead, the
elimination process strictly targeted items with low discrimination or violations of local independence,
both of which compromise measurement efficiency in IRT-based instruments.'? Eliminating these poorly
discriminating and redundant items improved model performance and resolved local dependence issues
that could otherwise distort parameter estimation. From an educational standpoint, this refinement
reflects a shift from assessing superficial knowledge toward evaluating higher-order cognitive
processes."® By balancing statistical rigor with substantive validity - allowing rare exceptions for
marginal discrimination (item B.2.6) - the CCKT-18 aligns with competency-based frameworks. It
effectively differentiates students capable of clinical application from those dependent on rote
memorization.

4.3 Psychometric Flexibility and Content Validity

While IRT optimization typically eliminates extreme items, retaining B.1.6 and B.3.4, which exhibited
extreme difficulty parameters in the full item pool (b = - 3.2 and - 3.732, respectively; Table S4), was a
substantive decision. These items assess critical baseline competencies; removing them would truncate
the lower end of the ability continuum and bias the instrument against lower-performing students. A
robust scale must capture the full ability spectrum to identify foundational knowledge gaps.'?
Furthermore, item B.2.6 was retained despite the discrimination parameter falling marginally below the
0.80 threshold (Table S4). The expert panel determined that its essential clinical content outweighed the
minor statistical deviation. In addition, the item pair B.3.2 and B.3.6 showed a marginal exceedance of
the conventional local dependence threshold in the CCKT-18 (|Q3] = 0.203), although it remained
acceptable in the original 26-item model. This slight increase likely reflects residual correlation shifts
following scale reduction rather than meaningful content redundancy. Similarly, B.3.3 and B.3.5 exhibited
emergent misfit (p < 0.05) in the CCKT-18, despite adequate fit in the original 26-item model (Table S4).
This is likely a statistical artifact of scale reduction, where narrowed latent trait distributions heighten fit
statistical sensitivity to non-substantive deviations. Ultimately, these decisions underscore the critical
balance between empirical metrics and substantive judgment.

DIF analyses revealed no significant sex-based bias following false discovery rate adjustment,
confirming measurement invariance. Conversely, significant DIF emerged across training stages,
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specifically for items evaluating contraceptive method selection (B.2.2), copper IUD emergency
contraception (B.2.3), missed pill management (B.2.7), and postpartum combined oral contraceptive
eligibility (B.4.2). These topics require guideline-based clinical decision-making - competencies
predominantly reinforced during clinical rotations. Thus, this DIF likely reflects true differences in
curricular exposure rather than construct-irrelevant bias. Nonetheless, future studies should delineate
the practical implications of these findings.

4.4 Dimensionality and Model Fit

Although initial theoretical alignment with Bloom’s taxonomy and preliminary parallel analyses
suggested a potential multidimensional structure (spanning recall, understanding, and application),
subsequent empirical evaluation strongly supported a unidimensional framework for the final CCKT-
18.73. Specifically, comparative fit indices demonstrated that the unidimensional 2PL model provided a
parsimonious and highly adequate fit to the data, performing comparably to more complex
multidimensional specifications.'? Crucially, in the multidimensional models, the estimated latent traits
exhibited exceptionally high inter-factor correlations (r > 0.96). Such extreme overlap indicates poor
discriminability between the hypothesized subdomains, suggesting they capture a single, dominant
latent construct rather than distinct dimensions. This empirical finding aligns closely with educational
realities: while recall, understanding, and application are distinct in pedagogical theory, they operate as a
highly integrated, indivisible cognitive competency when medical students conduct clinical contraceptive
counseling. Consequently, the adoption of the parsimonious unidimensional model was both empirically
justified and educationally sound, providing a robust representation of overarching contraceptive
knowledge.

4.5 Model Robustness

A key strength of the CCKT-18 lies in its demonstrated structural stability and robustness. Sensitivity
analyses comparing the main dataset with a strictly cleaned dataset confirmed the stability of model
parameters and fit indices, with minimal changes observed (ACFI < 0.01 and negligible variation in item
parameters). This consistency demonstrates that the CCKT-18 is highly robust to data quality issues,
such as inattentive responding and straightlining patterns, thereby enhancing confidence in its reliability,

reproducibility, and generalizability across diverse educational settings.'®
4.6 Comparison with Legacy Instruments and Alignment
with International Trends

The superiority of the CCKT-18 over legacy instruments, such as the Contraceptive Knowledge
Assessment (CKA), stems primarily from its advanced psychometric framework. While the CKA relies on
CTT, which evaluates competency based on aggregated raw scores and assumes equal weighting for all
items, this approach yields an imprecise measure of latent clinical competence.? In contrast, the CCKT-
18 leverages a 2PL-IRT model to position students along a continuous latent ability scale (8). By
independently estimating item difficulty and discrimination, the CCKT-18 offers a highly precise, ability-
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sensitive evaluation. This methodological shift allows educators to pinpoint specific cognitive deficits
rather than simply generating an undifferentiated total score, providing actionable diagnostic insights
that legacy tools fundamentally lack.

Furthermore, the development of the CCKT-18 contextualizes and advances observations from
international medical education research. Previous multinational studies from India, Malaysia, and Egypt
have consistently highlighted an educational paradox.>'”'® Despite excelling academically, medical and
health science students often lack the practical knowledge and clinical skills needed to apply WHO MEC
standards. Our findings closely align with this global trend; analysis of the CCKT-18's item parameters
revealed that while Vietnamese students generally perform well on foundational recall items, they exhibit
a relative deficit in higher-order application skills. Importantly, whereas earlier international research

517,18 our

predominantly relied on traditional surveys or CTT-based assessments to report these gaps,
study introduces a rigorously validated IRT framework. By precisely quantifying the discrepancy between
theoretical knowledge and practical readiness, the CCKT-18 not only corroborates previous global

findings but also offers a standardized methodological template that could be adapted for cross-cultural

educational assessments.

4.7 Implications for Medical Education

Implementing the CCKT-18 has important implications for advancing medical education. By leveraging
IRT-based scoring, the instrument enables measurement beyond students' raw scores, positioning
students along a latent ability continuum (8) and providing a more precise understanding of competency
distribution. Analysis of the Wright map and TIF indicates that while students generally perform well on
recall-based items, there is a relative deficit in higher-order application skills, highlighting a critical gap in
current curricula. This level of diagnostic precision allows educators to move beyond generalized
evaluation toward targeted instructional interventions, focusing on areas where students demonstrate
the greatest need.’® Consequently, the CCKT-18 supports a transition from traditional score-based
assessment to competency-based evaluation, aligning with contemporary medical education
frameworks that emphasize clinical reasoning and applied knowledge.

4.8 Strengths and Limitations

This study's principal strengths lie in its multicenter design, systematic four-phase instrument
development, and the application of a rigorous IRT framework incorporating both unidimensional and
multidimensional model comparisons, sensitivity analyses, and DIF testing - a combination rarely
reported in medical education validation studies in this region.

However, several limitations should be considered. First, although the multicenter approach included
multiple institutions, the reliance on convenience sampling may mean the sample does not fully
represent all medical training environments nationwide. Second, the cross-sectional design limits the
ability to assess longitudinal changes in students' knowledge. Third, the use of dichotomous response
data limits the capacity to capture partial knowledge states, suggesting that future research could
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benefit from incorporating polytomous response models. Fourth, given the sensitive nature of
contraceptive topics, self-reported responses may be susceptible to social desirability bias, as
participants might alter their answers due to concerns about social stigma. Fifth, criterion-related validity
was not assessed, as the CCKT-18 was not compared against an established external benchmark such
as another validated contraceptive knowledge measure or observed clinical performance. Finally, the
current item set was concentrated in the moderate difficulty range, with the most difficult item posing
only a limited challenge for respondents at higher ability levels. As a result, the instrument may provide
less discrimination among top-performing students, and future revisions may benefit from adding more
difficult items to improve measurement precision at the upper end of the trait continuum.

5. Conclusion

The CCKT-18 is a concise, valid, and reliable instrument for measuring contraceptive knowledge among
undergraduate medical students, capturing a spectrum of competencies from basic recall to guideline-
based clinical application. Longitudinal and criterion validity studies in independent samples are
warranted to further establish its temporal stability and predictive utility, alongside the investigation of
training-stage measurement differences identified in this study. Within the broader V-COC Study
framework, the CCKT-18 will serve as a foundational assessment tool in a planned nationwide survey
characterizing the contraceptive knowledge landscape among Vietnamese medical students. These data
will equip medical educators with actionable evidence to evaluate and reform reproductive health
curricula across institutions, ultimately contributing to a better-prepared future healthcare workforce.
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Abbreviation

Full Term

1D Unidimensional

2PL Two-parameter logistic

CCKT Clinical Contraceptive Knowledge Test

CFl Comparative Fit Index

CKA Contraceptive Knowledge Assessment

CTT Classical Test Theory

DIF Differential item functioning

FDR False discovery rate

I-CVI Item-Level Content Validity Index

IRT Item Response Theory

IUD Intrauterine device

MEC Medical Eligibility Criteria

MIRT Multidimensional item response theory

MML Marginal maximum likelihood

QMCEM Quasi-Monte Carlo expectation-maximization

RMSEA Root Mean Square Error of Approximation

S-CVI/Ave Scale-Level Content Validity Index

SRMR Standardized Root Mean Square Residual

STROBE Strengthening the Reporting of Observational Studies in Epidemiology

TIF Test Information Function

TLI Tucker-Lewis Index

V-COC Readiness and determinants of contraceptive counseling behavior among

Vietnamese medical students

WHO World Health Organization
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Validation raw dataset
(n=723)

Y

Main analytical dataset
(n = 636)

Y

Excluded
(n=87)
Failed attention check (n = 71)
Completion time < 3 min (n = 16)

Y

Strict-clean dataset
(n = 545)

Figure 1

Y

Excluded
(n=91)
Low response variation (n = 43)
Mahalanobis outliers (n = 41)
Longstring or straightlining (n = 21)
Extreme total score (n = 2)
(Note: criteria may overlap)

Flowchart of the data screening process for deriving the main and strict-clean datasets
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Person-item map for the CCKT-18
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Test Information Function (TIF) and conditional reliability of the CCKT-18
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