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Classical test theory (CTT) and item response theory (IRT) rest on different
measurement assumptions: CTT describes items relative to the tested group,
whereas IRT places items and persons on a common latent ability scale. Using
both frameworks therefore offers complementary validity evidence for
classroom tests in vocational education, where such evidence is rarely reported.
This research and development study developed a test for the Fundamentals of
Building Design, Modeling, and Information subject (Dasar-dasar Desain
Pemodelan dan Informasi Bangunan, Basic DPIB) and examined its items with
CTT and the two-parameter logistic (2PL) IRT model. Forty multiple-choice
items were written from a competency-based blueprint and judged by five
experts (Aiken's V = 0.80-0.95). After a tryout with 30 students, 32 items were
administered to 103 DPIB students selected by proportional stratified random
sampling. CTT showed high split-half reliability (Spearman—Brown = 0.95),
good-to-very-good discrimination for 30 items, and 13 items with at least one
poorly functioning distractor; no item was classified as difficult. The 2PL model
produced positive discrimination (a = 0.848 to 4.833) and mostly negative
difficulty (b = —2.597 to 0.034), and test information peaked at 6 ~ —0.98. Both
frameworks identified the same easiest, hardest, and most discriminating items,
but they contributed different evidence: CTT pinpointed distractors to revise,
whereas IRT showed that measurement precision is concentrated below average
ability. The test is therefore better suited to identifying students who have not
yet mastered basic competencies than to distinguishing high achievers; adding
difficult items and recalibrating with a larger sample are required before high-
stakes use.
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Introduction

Vocational education primarily aims to provide students with the knowledge and skills that are required for the
needs of the industry. Generally, vocational high school (SMK) graduates in Indonesia have higher education
related characteristics that are in line with work requirements but the issue of a smoother move from school to
the job market still needs to be addressed (Ariansyah et al., 2024). The mismatch between school learning and
industry requirements has long been identified as a structural challenge of Indonesian vocational education
(Suharno et al., 2020). As a result, performance assessment of students during vocational learning should be
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supported by an instrument that would allow the collection of authentic data on the level of competency mastery
by the pupils.

Tests serve a vital role in assessment. When done right, they can also facilitate the learning process. Murphy
et al. (2023) revealed that testing can be a method for retrieving and practicing which in fact strengthens the
learning instead of only being a tool for grading. Consequently, the goodness of a test instrument will greatly
contribute to the assessment quality of learning.

The Building Information Modeling and Design (DPIB) study program introduces the Basic DPIB subject
as a gateway to deeper learning of specific skills. The topics presented in this study are designed to give the
learner an overview of the fundamentals of construction activity, occupational health, safety, and environment
(K3LH), technical drawing, materials, energy efficiency, water management, and the implementation of
sustainable building concepts. Apart from that, DPIB studies have revealed that students' mastery of the essential
content is one of the factors which influences their academic performance and preparation for work-based
learning (Manurung & Mulyana, 2024). Because the DPIB program prepares students for building information
modeling (BIM) practice, which the construction industry increasingly requires of its workforce (Sacks & Pikas,
2013), weaknesses in these foundational competencies are likely to carry over into advanced BIM learning.

Although the importance of sound assessment is widely acknowledged, a review of recent literature reveals
a clear gap. Studies of DPIB learning have focused mainly on instructional models and have reported learning
outcomes measured with teacher-made tests whose psychometric properties are not documented (Manurung &
Mulyana, 2024). Psychometric studies in Indonesian vocational schools have examined other domains, such as
accounting (Purnama, 2017; Purnama & Alfarisa, 2020), while CTT-IRT comparisons in Indonesia have mostly
addressed general subjects such as biology (Nisfatulsanah & Sugiharto, 2024) or aptitude tests (Setiawati et al.,
2023). Internationally, dual-framework analyses have been applied mainly to national examinations and
general-education tests (Awopeju & Afolabi, 2016; Ayanwale et al., 2022; Butakor, 2022), and BIM-related
education research has concentrated on curriculum and industry requirements rather than on measurement
(Sacks & Pikas, 2013). To the best of our knowledge, no validated instrument is available for measuring mastery
of Basic DPIB competencies, and no study has examined how the evidence produced by CTT and IRT supports
decisions about such a vocational classroom test. This gap matters because teachers need to know not only
whether a test is reliable but also for which students it measures precisely.

The development of the instrument in this study is grounded in evidence-centered design (ECD), which links
the competencies about which claims are made (competency model), the observable behaviors that count as
evidence (evidence model), and the tasks that elicit those behaviors (task model) (Arieli-Attali et al., 2019).
Validation follows the argument-based approach, in which different sources of evidence, namely expert
judgment of content, item statistics, and score precision, support specific interpretations and uses of test scores
(Cook et al., 2015). Within this framework, content validity is established through expert judgment quantified
with Aiken's V index (Aiken, 1985; Kania et al., 2024; Nabil et al., 2022), and empirical evidence on the items
is obtained from CTT and IRT.

In the stage of empirical analysis, Classical Test Theory (CTT) gives insights about test reliability, questions'
levels of difficulty, item discrimination, item-total correlations, and how good/ineffective alternatives are as
distractors. At the same time, Item Response Theory (IRT) permits one to obtain estimates of item parameters
such as difficulty and discrimination of items on a latent ability scale (Gyamfi & Acquaye, 2023). Moreover, it
is quite typical from the findings in meta-studies that CTT as well as IRT are the two leading methods in
measuring instruments and that the selection of model and the understanding of parameters and information
functions are critical aspects (Kili¢ et al., 2023). The two frameworks rest on different assumptions. CTT
decomposes an observed score into a true score and error at the level of the whole test, so its item statistics
depend on the group tested, whereas IRT models the probability of a correct response as a function of latent
ability and item parameters, so that measurement precision can vary along the ability scale (Bichi & Talib, 2018;
Fan, 1998). Empirical comparisons show that CTT and IRT item statistics are often highly correlated (Fan,
1998; Setiawati et al., 2023), yet the frameworks differ in the decisions they support, particularly for individual-
level interpretation (Jabrayilov et al., 2016). Using both is therefore not redundant: each supplies a different
piece of the validity argument.

Purnama and Alfarisa's (2020) research proved that, apart from item analysis, we can use classical test theory
and item response theory techniques to obtain information about item characteristics from a vocational high
school test. According to Nisfatulsanah and Sugiharto's (2024) paper, CTT and IRT offer distinct but mutually
reinforcing viewpoints during scale development. Accordingly, this study develops a Basic DPIB test and
examines its characteristics with both CTT and the 2PL IRT model, treating the two frameworks as
complementary sources of validity evidence.
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The study aimed at: (1) Developing a DPIB basic test instrument using competencies and analyzing learner
needs as a base; (2) Assessing the quality of different test items with Classical Test Theory (CTT):; (3) Explaining
the parameters of those items according to the 2-PL IRT model; and (4) Involving a comparison of the
information from the two approaches. The contribution of this study is twofold: it provides a psychometrically
documented test for Basic DPIB competencies, and it shows how the complementary evidence from CTT and
IRT can be translated into concrete decisions about the use and revision of a vocational classroom test.

Method

This investigation was a Research and Development (R&D) study that utilized a quantitative approach.
Instrument development followed eight stages: determining specifications, drafting a blueprint, item
construction, expert evaluation, pretest, item analysis, revision, and test compilation. These stages follow the
ECD logic of moving from competency claims to evidence and tasks (Arieli-Attali et al., 2019). Specifications
were determined by mapping the learning outcomes of the Basic DPIB subject onto competency indicators
covering construction fundamentals, occupational health, safety, and environment (K3LH), technical drawing,
building materials, energy efficiency, water management, and sustainable building concepts. The blueprint
(schematic plan) specified, for each indicator, the cognitive level and the number of items, so that every item
could be traced to one indicator. Items were then written as five-option multiple-choice questions following
established item-writing guidelines (Haladyna et al., 2002). The stages, samples, and outputs at each decision
point are summarized in the Development Stages table below.

This research was conducted in 2026. Expert validation involved three expert lecturers and two Basic DPIB
subject teachers from SMK Negeri 1 Padang. The tryout involved 30 students who answered all 40 items. Items
were selected for the main study on the basis of the tryout statistics: items with a discrimination index below
[criterion to be completed by the authors] or a difficulty index outside [range to be completed by the authors]
were removed, and among the remaining items those with the highest discrimination were retained while
keeping every blueprint indicator represented, resulting in 32 items. The main study involved 103 students
enrolled in the DPIB program. The population comprised [N] students distributed across [k] classes. Classes
served as strata; the number of students drawn from each class was proportional to its size, and students were
randomly selected within each class. The sample consisted of [n] male and [n] female students. The sample size
was determined by the accessible population rather than by an a priori power analysis. Because stable 2PL
estimates generally require larger samples (Sahin & Anil, 2017; Schroeders & Gnambs, 2025), the IRT results
are interpreted as exploratory, and this is acknowledged as a limitation.

The first assessment tool was a multiple-choice paper having five alternative answers. The content and
measuring aspects were determined based mainly on what the learners were supposed to know, plus of what
was in the test design blueprint that had been developed. Content validity information was gathered from the
ratings of the five validators, who judged the relevance of each item to its indicator on a five-point scale (1 = not
relevant, 5 = highly relevant); the ratings were analyzed with Aiken's V index, which expresses the degree of
expert agreement and allows a significance-based cutoff for small panels (Aiken, 1985; Kania et al., 2024). In
this work, the cutoff point for a score indicating content validity had taken the level of 0.78. Student responses
from the fieldwork were used for the analyses. The analyses were carried out using classical test theory (CTT)
with ANATES and the two-parameter logistic (2PL) item response theory (IRT) model with Stata. ANATES
estimates reliability with the split-half method corrected by the Spearman-Brown formula; different CTT
programs have been shown to produce consistent item indices (Nurjanah et al., 2024). The 2PL model was
estimated with the irt 2pl command in Stata, which uses marginal maximum likelihood estimation with adaptive
Gauss—Hermite quadrature.

The CTT analysis involved five major areas; reliability, item difficulty, discrimination, validity via item-total
correlation and distractor quality. The 2PL IRT parameter model was employed to estimate item discrimination
(a) and difficulty (b) parameters. Besides, Item Characteristic Curve (ICC), Item Information Function (IIF),
Test Information Function (TIF), and Test Characteristic Curve (TCC) were also investigated. IRT method was
employed as CTT complementary to the CTT approach since, in IRT, item characteristics can be identified
through the connection of a person's latent ability to his or her responses(Gyamfi & Acquaye, 2023). The 2PL
model was chosen over the Rasch (1PL) model because items written for different content areas are unlikely to
discriminate equally, and the Rasch model assumes equal discrimination across items (Boone, 2016);
comparative studies have also found the 2PL model to be the most informative about discrimination (Setiawati
et al., 2023). The three-parameter (3PL) model was not used because its pseudo-guessing parameter is difficult
to estimate in small samples (Sahin & Anil, 2017), although it can yield better ability estimates when large
samples are available (Iwintolu et al., 2024).
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Table 1. Research Stages, Activities, and Outputs in Instrument Development and Validation

Stage Activity Output

1 Needs and competency analysis Test specification and indicators

2 Blueprint development and drafting of 40 items Initial instrument draft

3 Content validation by 5 validators Content-validated instrument

4 Limited tryout with 30 students Initial empirical data

5 Item analysis and selection 32 items for the main study

6 Main study with 103 students 32 x 103 response data

7 CTT and 2PL IRT analysis Item characteristics and parameters
8 Revision/instrument assembly Final instrument draft

Results and Discussions

Content Validity of the Instrument

Content validation involved 40 items validated by 5 validators who were 3 senior lecturers and 2 subject teachers
of Basic DPIB from SMK Negeri 1 Padang. All items attained Aiken's V values between 0.80 and 0.95. There
are several items having the minimum value (V = 0.80) but the maximum was Item 1 (V = 0.95). The mean
Aiken's V score was 0.83125 which is much higher than the standard content-validity threshold of 0.78. The
rationale is, all 40 items qualify as well-validated content. Aiken's V is used similarly as how expert-agreement
is assessed by Aiken (1985). Its application is also well-documented content validity of educational instruments
(Nabil et al., 2022). This range is comparable to that reported in recent instrument development studies using
five-expert panels, for example 0.817-0.884 for a mathematical problem-solving test (Kania et al., 2024). Aiken's
V, however, provides evidence of content representativeness only; it does not show how the items function
empirically, which is why the tryout and the main study were necessary.

Table 2. Summary of Content Validity Results for the Research Instrument

Indicator Result

Number of items validated 40

Number of validators 5 (3 expert lecturers; 2 subject teachers)
Range of Aiken’s V 0.80-0.95

Mean Aiken’s V 0.83125

Criterion threshold >0.78

Decision 40 items valid in content

Determination of the Research Instrument

The first prototype of the test contained 40 questions. Upon content validation, each question was found fit for
content validity and a set of them was given to 30 students as a pilot test. The initial tryout results showed that
only 32 questions passed the criterion requirements for the main experiment and the rest of them (the 8
questions) weren't kept. Because of that, the main experiment employed 32 multiple-choice questions with 103
respondents participating. From these steps one can recognize that the instrument was gradually finalized based
on the selection process instead of being simply copied from the initial list. The removal of eight items after the
tryout is consistent with evidence that empirical item statistics often reject items that have passed qualitative
review; Purnama (2017), for instance, found that only 24 to 27 of 37 reviewed vocational accounting items met
2PL quality criteria. Possible explanations for the eight rejected items include ambiguous wording, content that
had not yet been taught to all classes, and distractors that were implausible to students, but the small tryout
sample does not allow these explanations to be separated.

Results of the Classical Test Theory (CTT) Analysis

CTT analysis of the 32 items across 103 respondents resulted in a split-half correlation of 0.91, which
corresponds to a Spearman—Brown corrected reliability coefficient of 0.95. It can be said that the result represents
exceptional internal consistency, since a reliability coefficient of 0.95 or high can be described as very
satisfactory. Nevertheless, high reliability should be interpreted in conjunction with item features, as the fact
that reliability coefficient is high does not mean by itself that difficulty level and distractor functions of all items
are appropriate. Very high reliability can also signal item redundancy or a narrowly defined construct (Taber,
2018). Because the items in this test were drawn from seven content areas, the coefficient should be read together
with the item-level evidence below rather than as proof that the items measure a single narrow skill. The value
is considerably higher than that reported for a teacher-made mathematics test in Ghana (0.61; Butakor, 2022),
which suggests that systematic blueprinting and expert review contributed to score consistency.
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Table 3. Results of Item Analysis, Reliability, Validity, and Distractor Effectiveness

Aspect Result Interpretation
Number of respondents 103 Analysis subjects
Number of items 32 Multiple-choice
Split-half 0.91 Very high
Reliability 0.95 Very high
Item validity 30 highly significant; 2 significant All items significant
Discrimination index 13 very good; 17 good; 2 fair Predominantly good to very good
Distractors 19 good to very good; 13 flagged for review Some require revision
Item Difficulty Level

As for the difficulty level distribution, one item was very easy, 19 items were easy, and 12 items were moderate.
Therefore, 62.5% of the items were either easy or very easy, and none were difficult. It seems the test was quite
easy for students. A similar pattern to this one has been reported by Purnama and Alfarisa (2020) who concluded
that the difficulty-level distribution is an important factor when vocational tests are being evaluated. Two
explanations are plausible. The skew may reflect the true ability of students who had already studied the Basic
DPIB material, or it may be a measurement artifact produced by items written mostly at lower cognitive levels
and by distractors that were easy to eliminate. The present data cannot fully separate these explanations, but the
distractor findings reported below suggest that the second explanation plays at least a partial role.

Table 4. Item Difficulty-Level Distribution of the Test

Category Number Percentage
Very easy 1 3.1%

Easy 19 59.4%
Moderate 12 37.5%
Difficult 0 0.0%

Total 32 100%

Discrimination Index and Distractors

The discrimination value indicated that 13 items were at the top or very good level, 17 items were in the good
range, and 2 items were just fair. All items were above the poor/negative discrimination level. Item 8 revealed
the highest point-biserial correlation with a value of 0.766. In comparison, Item 1 and Item 30 had a relatively
low discrimination value. This discovery implies that nearly all items successfully differentiated students with
high and low ability. This profile is considerably more favorable than that reported for a teacher-made
mathematics test in which 62.5% of the items showed weak or negative discrimination (Butakor, 2022), and it
is in line with the finding of Awopeju and Afolabi (2016) that well-constructed examination items tend to show
adequate discrimination under both CTT and IRT.

The result of the distractor analysis revealed that 19 test items were good enough to very good in terms of
functioning of the distractors, whereas in 13 test items at least one choice was found that required further
investigation. These comments were mostly about the answer options which were hardly ever picked or which
instead appealed to the high-ability group. Distractor data is a plus of Classical Test Theory that you don't obtain
directly from the 2PL model, therefore, its value still holds for item- revision decisions. Non-functioning
distractors are common in multiple-choice tests (Tarrant et al., 2009) and have been shown to be associated with
easier items and lower discrimination (Rezigalla et al., 2024). This link offers a direct, content-preserving way
to raise the difficulty of the test: replacing implausible options with distractors based on common student
misconceptions, as recommended in evidence-based distractor development (Gierl et al., 2017; Haladyna et al.,
2002).

Results of the 2PL IRT Model Analysis

The 2PL IRT estimation of the parameters gave discrimination (a) and difficulty (b) for 32 items. No a value
was negative, the minimum a value was 0.848 while the maximum was 4.833. Item 8 had the highest a value,
namely 4.833. In Item 1 the minimum a value, 0.848, could be found. Regarding the b parameter, the values
were between —2.597 and 0.034. The more negative the b value, the lower the ability required for a 50%
probability of answering the item correctly, that is, the easier the item; higher b values indicate relatively more
difficult items. Discrimination values above 4, such as that of Item 8, should be interpreted with caution because,
in samples of about 100 respondents, large a estimates tend to be inflated and imprecise (Konig et al., 2020;
Sahin & Anil, 2017).

Table 5. Summary of 2PL IRT Item Parameter Estimates

Parameter Minimum Maximum Notable items
a (discrimination) 0.848 4.833 Highest: Item 8; lowest: Item 1
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Parameter Minimum Maximum Notable items
b (difficulty) —2.597 0.034 Easiest: Item 1; relatively most difficult: Item 10

Results of b values point out that most of the tested items cluster mainly in the lower level of item difficulty.
For instance, Item 1 (b = -2.597) appeared to be the most accessible item whereas Item 10 (b = 0.034) was
relatively the most demanding item in the test. Item 12 (b = -0.006), Item 27 (b = -0.021) and Item 32 (b = -
0.114) were among the few items that are located around or near to the average item difficulty (b = 0). These
findings align with those of Classical Test Theory (CTT) which has also mainly revealed easy and intermediate
level items as the predominant item types in the sample test.

In the ICC, item curves typically rise towards the right direction. The slope of a curve is the a parameter
whereas the shifting or the position of a curve relative to the ability scale is the b parameter. Item 8 has the
steepest curve since it has the highest a parameter. On the contrary, Item 1 is located to the further most left side
since it has the most negative value of b parameter. It can be inferred from the ITF and TIF that the distribution
of the amount of information provided by the assessment was uneven throughout the ability spectrum. The TIF
peaked at a theta of about -0.98 with the value being about 29.55, which implies that the measurement device
was able to give most detailed feedback at the lower-to-moderate level of ability. Because the standard error of
measurement equals 1/VI(8), the peak information corresponds to a standard error of about 0.18 on the 8 scale,
whereas precision decreases markedly for students above average ability. Information functions of this kind
indicate where on the ability scale new items are needed (Zanon et al., 2016), and they express the same targeting
problem that Rasch-based studies display as a mismatch between item and person distributions (Boone, 2016).

This result is significant as the information function depicts the accuracy of measurement at different ability
levels, whereas CTT basically provides a summarization of the group's empirical scores. The IRT literature
highlights that besides their usage in scoring, IRT models are also used to estimate item characteristics through
difficulty and discrimination parameters and, in the end, they can give information in a detail way of the items-
latent ability relation (Gyamfi & Acquaye, 2023). In addition, calibrated item parameters form the basis for
building item banks and computerized adaptive tests, as demonstrated in the development of an IRT-based
adaptive physics test in Indonesia (Istiyono et al., 2020).

Comparison of CTT and IRT
Table 6. Comparison of CTT and 2PL IRT Results for the 32-Item Test
Aspect CTT (ANATES) IRT 2PL (Stata) Synthesis
Number of respondents 103 103 Same
Number of items 32 32 Same
Reliability 095 Not a primary 2PL CTT proyldes reliability
parameter information
. 1 very easy; 19 easy; 12 b = —-2.597 t0 0.034; Both indicate a tendency toward
Difficulty . .
moderate mostly negative easy items
Relatively easiest item Item 1; 86.41% correct Item 1; b = -2.597 Consistent
iI::rlgtlvely most difficult Item 10; 46.60% correct Item 10; b = 0.034 Consistent
Highest discrimination  Item 8; rpb = 0.766 Item 8;a = 4.833 Substantively consistent
Distractors Directly analyzed I;;ﬁ directly analyzed in CTT more informative
Elvf‘e’lrma“on by ability  nrot directly displayed ICC, IIF, TIF, TCC IRT more informative

The comparison indicates that CTT and IRT offer distinct yet mutually reinforcing features. CTT is especially
good with diagnosing the results based on group responses, like reliability and distractor functions. The 2PL
IRT item analysis gives the finer detail of how the items, in turn, position, and their ability to discriminate along
the ability scale as well as the measurement precision via the information function. The main patterns about
difficulty and the comparative level of discrimination were essentially consistent in both methods. This result is
in keeping with the one of the findings of the research done by Nisfatulsanah and Sugiharto (2024) that CTT
and IRT give different but complementary outcome in instrument-quality analysis. The convergence in item
ordering agrees with Fan (1998) and Setiawati et al. (2023), who found strong correlations between CTT and
IRT item statistics, and with Awopeju and Afolabi (2016), who reported comparable CTT- and IRT-based
parameter estimates in a mathematics examination. The divergence in the kind of evidence supplied agrees with
Jabrayilov et al. (2016), who showed that the advantages of IRT emerge mainly for individual-level decisions,
and with Ayanwale et al. (2022), who argued that relying on CTT alone limits test development practice. The
apparent tension between the epistemological assumptions of the two frameworks is resolved when each is
linked to a different inference in the validity argument (Cook et al., 2015): CTT supports inferences about the
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consistency of total scores and the functioning of answer options, whereas IRT supports inferences about the
precision with which students at different ability levels are measured (Gyamfi & Acquaye, 2023; Kili¢ et al.,
2023).

The study suggests a main point is that item difficulty levels should be carefully considered. While reliability
and discrimination were mostly satisfactory, the lack of difficult items results in the instrument not being the
best way to differentiate the highest-level students. Items which could be of medium-to-high difficulty should be
included in future development. Meanwhile, item with issues about the distractors should undergo checks on
the wording, the quality of options, and the correct answer.

The main contribution of this study to vocational assessment practice therefore lies not in the individual
statistics but in the decision rule they jointly produce. CTT is used to repair items, by revising keys and
distractors, while IRT is used to decide where on the ability scale new items should be added. For the present
instrument, this rule indicates that the test is currently suitable for identifying students who have not yet mastered
basic DPIB competencies, for example to target remedial instruction before work-based learning, but not for
ranking or certifying high-achieving students. This interpretation-and-use statement is the kind of explicit,
evidence-based claim that argument-based validation requires (Cook et al., 2015), and it has seldom been made
for vocational classroom tests (Purnama & Alfarisa, 2020).

Conclusions

This study produced a 32-item Basic DPIB test whose content validity was supported by expert judgment (mean
Aiken's V = 0.83) and whose scores were highly consistent (split-half reliability = 0.95). Its main contribution
lies in what the two psychometric frameworks jointly reveal about the intended use of the test. CTT and IRT
converged on the easiest item (Item 1), the relatively most difficult item (Item 10), and the most discriminating
item (Item 8), which indicates that the ordering of the items is robust to the choice of framework. The
frameworks diverged in the evidence they supplied: CTT identified 13 items with poorly functioning distractors,
which is directly actionable for item revision, whereas the 2PL information function showed that measurement
precision peaks below average ability (6 = —0.98). The test is therefore best suited to diagnosing students who
have not yet mastered basic competencies, rather than to distinguishing high achievers. For vocational
assessment practice, the study demonstrates a practical sequence in which CTT is used to repair items and IRT
is used to decide where new items are needed on the ability scale. These conclusions are bounded by the
limitations described below, chiefly the modest IRT calibration sample and the absence of difficult items. The
next development cycle should add items targeted above average ability, revise the flagged distractors, and
recalibrate the test with a larger, multi-school sample before it is used for high-stakes decisions. This study has
several limitations. First, the 2PL parameters were estimated from 103 respondents, which is below the sample
sizes usually recommended for stable 2PL calibration (Sahin & Anil, 2017; Schroeders & Gnambs, 2025);
extreme discrimination estimates such as a = 4.833 for Item 8 may therefore be inflated, and the parameters
should be re-estimated with a larger sample or with small-sample methods such as Bayesian hierarchical
estimation (Konig et al., 2020). Second, the participants were drawn from a limited population of DPIB students,
so the sampling frame restricts generalization to other schools and regions, and selection bias cannot be
excluded. Third, the skewed difficulty distribution may reflect the true ability level of the students, a
measurement artifact of items written at lower cognitive levels and of non-functioning distractors, or both; the
present design cannot separate these explanations. Fourth, the 32 items were selected on the basis of a small
tryout (n = 30), which may have capitalized on chance. Finally, the assumptions of unidimensionality and local
independence, as well as model fit, should be examined formally in future calibrations, and alternative IRT
models should be compared.
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