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Abstract

This study proposes a hovel method to significantly reduce data processing time
for calculating facility (P) and discrimination indices in large-scale assessments.
By integrating Simple Random Sampling (SRS) with Classical Test Theory
(CTT), we developed a computational approach that minimizes processing time
while maintaining statistical accuracy. For illustration, a test question requiring
7,393 minutes (5.5 days) for full analysis yielded a P-index of 0.50. Our SRS-
CTT method achieved comparable results (P-index = 0.503) in just 129.2
minutes (mean across 10 iterations), representing a 98.3% reduction in
processing time. The accompanying computer program enables efficient
analysis of national-level datasets, making this method particularly valuable for
high-stakes testing organizations. We strongly recommend its adoption for
nationwide educational assessments.
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Introduction

Within Iran's higher education system, undergraduate admissions are
regulated by parliamentary legislation and administered through a
centralized national entrance examination. The National Organization
for Educational Testing (NOET) conducts this high-stakes assessment
annually at predetermined dates, with university placements determined
solely by examination performance. The current system distributes
approximately 205,869 available seats across diverse academic
disciplines annually.

The 2023 administration of Iran's national university entrance exam
highlights the scale of this high-stakes assessment. Within just the
experimental sciences group (medical fields), 484,576 candidates
competed for 60,968 available seats. With each examination
comprising 150 test items, the resulting dataset presents significant
analytical challenges.

While calculating standard psychometric indices (e.g., Facility and
Discrimination indices) remains computationally simple for small
datasets, national-level analysis introduces substantial complexity.
Processing approximately 500,000 examinees' responses (representing
75 million data points) demand:

1. Advanced computational methods
2. Optimized statistical procedures
3. Efficient data processing frameworks

This scale of analysis necessitates innovative approaches to maintain

both accuracy and timeliness in test evaluation.

Research Question(s)
Can Simple Random Sampling (SRS) significantly accelerate Classical
Test Theory (CTT) analyses for large-scale testing datasets while
maintaining statistical fidelity?
Literature Review

Classical Test Theory (CTT) is built upon several fundamental
psychometric developments, including:
1. The classical true score model (Lord & Novick, 1968)
2. Observed score (X), true score (T), and error score (E) random
variables, where X =T + E
3. Reliability coefficients (e.g., Cronbach’s a, split-half methods)
4. Standard error of measurement (SEM) and its role in score
interpretation
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5. Test length effects on score precision and reliability

6. Single-administration reliability estimators (e.g., Kuder-Richardson
formulas)

7. Models of score equivalence (e.g., parallel, tau-equivalent tests)

These constructs form the theoretical backbone of CTT and remain
widely applied in large-scale assessments (Algina & Swaminathan,
2015; Feldt & Brennan, 1989).

In both criterion-referenced and norm-referenced testing, post-
administration item analysis represents a critical phase of test
evaluation. This process systematically examines key psychometric
properties-including item difficulty (P-index), discrimination power
(D-index), and distractor effectiveness—to identify potential flaws in
question design such as ambiguous wording or poor discriminatory
capability. Through such analysis, testing organizations gain empirical
insights that not only reveal the scientific robustness of individual items
but also inform iterative improvements to test quality. The resulting
data enables evidence-based refinements to item construction, test
blueprints, and scoring protocols, particularly crucial for high-stakes
assessments where validity and reliability directly impact score
interpretations. This cyclical evaluation process ensures continuous
enhancement of measurement precision and fairness in subsequent test
administrations (Haladyna & Rodriguez, 2013).

Given that test publishers possess the financial and technical
resources to conduct comprehensive item analyses, this process has
become integral to the development of large-scale standardized
assessments, where rigorous psychometric evaluation is essential.
Beyond its role in test refinement, item analysis serves as a valuable
diagnostic tool for educators by revealing patterns of student
misconceptions—when a significant proportion of examinees select an
incorrect response, it may indicate either flaws in item design or gaps
in instructional delivery. This dual function makes item analysis critical
for both improving assessment quality and identifying areas needing
pedagogical intervention, particularly in standardized testing contexts
where the stakes are high and the impact of measurement errors is
substantial.

The discriminant index method offers a practical solution for
question analysis, particularly for educators lacking access to
automated scoring systems or computational tools. This technique
generates a numerical discriminant index (D) for each question, ranging
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from -1 to +1, which serves as a straightforward metric for evaluating
item effectiveness. A higher positive D-value indicates stronger
alignment between the individual question and the overall test's
measurement objectives, with values approaching +1 suggesting that
high-performing test-takers answered correctly while low-performing
test-takers answered incorrectly. This simple yet informative measure
enables teachers to identify questions that effectively discriminate
between students of differing ability levels without requiring
sophisticated analytical resources.

The discriminant analysis method operates on the premise that
students who answer one item correctly are more likely to answer other
items correctly, reflecting overall test consistency. The procedure
begins by ranking all students according to their total test scores. The
top 27% of performers (high-scoring group) and bottom 27% (low-
scoring group) are then selected for comparison. This 27% threshold
has been empirically shown to optimally balance two competing needs:
(1) maintaining sufficiently large group sizes to ensure stable estimates,
while (2) maximizing performance differences between groups to
enhance discriminant sensitivity. For practical classroom applications
with 25-35 students, using 10 students per group (approximately 28-
40% of the class) provides a reasonable compromise between
computational simplicity and statistical reliability of the resulting
discriminant indices (Cunningham, 1998). This approach remains
robust even without sophisticated analytical tools, making it
particularly valuable for teacher-led assessments.

The difficulty level of a test question, commonly referred to as the
P-value (or Facility Index), is simply the proportion of examinees who
answer it correctly. This metric ranges from 0 to 1, where a higher value
indicates an easier question. For example, if 60% of test-takers answer
a question correctly, its P-value would be 0.60. Conversely, a P-value
of 0.30 would indicate a relatively difficult question that only 30% of
respondents answered properly. This straightforward measure provides
educators with immediate insight into question performance, where
values around 0.50 typically represent questions of moderate difficulty
that effectively discriminate between different ability levels.

Question difficulty, expressed as the P-value (Facility Index), ranges
from 0 to 1, where lower values indicate more challenging items. For
instance:
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0.10) would be answered

* An extremely difficult question (P
correctly by only 10% of examinees

* An exceptionally easy question (P
correctly by 90% of examinees

The discriminant power (D-index) of a question reflects its ability to
differentiate between high-performing and low-performing test-takers.
Importantly, this conceptual framework assumes that the underlying
construct being measured exists on a continuum rather than as a
dichotomy. For example, when assessing psychological traits like
depression, we recognize a spectrum of severity rather than simply
categorizing individuals as depressed or non-depressed. This
continuous-variable assumption is crucial for proper interpretation of
both difficulty and discrimination indices in psychological and
educational measurement.

Multiple methods exist for calculating a question's discriminant
power (D-index), with most following similar computational logic
(Oosterhof, 1976). The fundamental approach involves comparing
response patterns between high-performing and low-performing
examinees for each test item. Consider a mathematics assessment
administered to 100 students, where each student's performance is
recorded both as a total score and per-item responses.

The critical methodological decision involves defining the "high"
and "low" performance groups. Kelley's (1939) seminal work
demonstrated that selecting the top and bottom 27% of performers
optimizes discriminant sensitivity, though marginal variations (25-
30%) yield negligible differences in practice. This approach aligns with
Rehfisch's (1958) findings using 25% groupings in strength scale
analyses.

Note that both facility (P) and discriminant (D) indices are
conventionally expressed as decimal values ranging from 0 to 1, despite
sometimes being discussed in percentage terms (e.g., P = 0.75 described
as "75%").

While this discussion focuses on Classical Test Theory (CTT)
applications, it is important to acknowledge its methodological
limitations. Recent scholarship (Adekunle et al., 2022) has specifically
recommended that the Examination Council of Lesotho (ECOL)
transition from CTT to modern test theory frameworks like Item
Response Theory (IRT) for test development and item analysis. Such
contemporary approaches offer distinct advantages, including sample-

0.90) would be answered
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independent item parameters and more precise ability estimation,
particularly for high-stakes assessments. These considerations,
however, extend beyond the scope of the current examination of CTT-
based methods.

Methodology

In the CTT method, analysis typically uses a subset of data comprising
the top 27% and bottom 27% of students based on test scores. This
paper proposes an alternative approach: instead of simple random
sampling, extracting just 1% from each of these high and low
performance groups for calculations. This method reduces the data
processing volume to a manageable size, achieving a 99% decrease in
computational operations - while maintaining necessary measurement
accuracy.

Conclusion

The results show that for calculating the Facility index, using a simple
random sampling method with 1% of the 27% data yields the same
results as standard calculations. Similarly, the Discriminant index
calculations show identical results to standard methods. Therefore, to
save processing time for extracting classical psychometric indices,
results from just 1% of candidates can be used for question analysis and
decision-making. These findings demonstrate approximately 99%
savings in data processing time.
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1. Data Redundancy.
2. Sampling without replacement.
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