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Abstract. Educational measurement commonly applies Classical Test Theory (CTT) and Item Response Theory
(IRT) to estimate students’ achievement scores. CTT derives observed scores from the total number of correct
responses, whereas IRT models students’ latent ability by incorporating item characteristics. The one-parameter
logistic (1PL) or Rasch model, in particular, estimates ability based solely on item difficulty under the assumption
of equal item discrimination. Although Rasch-based approaches have been increasingly adopted in large-scale
assessments in Indonesia, empirical evidence comparing Rasch- and CTT-based scoring in religious subject
assessments remains limited. This study aims to examine differences in score estimates produced by CTT and the
IRT 1PL (Rasch) model, with specific attention to the role of item difficulty. An evaluative quantitative design was
employed involving 387 twelfth-grade students from MAN 1 Surakarta who completed a Figh achievement
assessment in 2023. The dataset consisted of dichotomous responses to multiple-choice items. Students’ ability
scores were estimated using both CTT and the Rasch model, and differences between the two scoring approaches
were analyzed using paired-sample t-tests, as both scores were derived from the same examinees. The results reveal
a statistically significant difference between CTT- and Rasch-based score estimates. The mean Rasch score (M =
71.61) was significantly higher than the mean CTT score (M = 59.18), with t = —13.298 and p < .001. Further
analysis indicates that 78% of students experienced lower scores under CTT, while only 21% benefited relative to
Rasch-based estimates. These findings suggest that Rasch-based scoring provides a more equitable and
measurement-consistent representation of students’ latent ability than CTT, particularly in assessments containing
items with varying levels of difficulty. The study underscores the importance of adopting modern measurement
models to enhance fairness and interpretability in educational assessment.
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INTRODUCTION

Assessment of learning outcomes constitutes a fundamental component of educational systems, as it serves
as the basis for evaluating academic achievement and informing various high-stakes decisions that
influence students’ future trajectories[1]. In this context, the issue of fairness in assessment has become
increasingly critical, particularly when the resulting scores are used for ranking, graduation decisions, and
instructional interventions[2], [3]. Assessment fairness is not only concerned with the procedures of test
administration, but also with the extent to which the resulting scores accurately and proportionally
represent students’ abilities, free from bias introduced by the characteristics of the measurement
instrument[4], [5].

One of the primary factors that may influence score fairness is the scoring approach employed in test
analysis. In educational evaluation practice, two major approaches are widely utilized, namely CTT and
IRT [6]. As a conventional approach, CTT calculates scores based on the total number of correct responses
under the assumption that each test item carries equal weight. Consequently, this approach tends to
overlook variations in item difficulty, such that students who correctly answer more difficult items do not
necessarily receive proportionally higher scores. This condition may lead to distortions in the interpretation
of ability and reduce the fairness of the resulting scores[7].

In contrast, IRT was developed to address these limitations by modeling the relationship between student
ability and item characteristics. Through parameters such as item difficulty, discrimination, and guessing,
IRT enables more precise estimation of ability and assigns differential weights to items based on their
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informational value. Therefore, theoretically, IRT holds greater potential to produce fairer scores, as it
accounts for both item complexity and variability in student ability[8], [9], [10].

Although numerous studies have compared CTT and IRT, most prior research has primarily focused on
technical aspects such as parameter estimation accuracy and model superiority, without explicitly
examining the implications of these approaches for score fairness experienced by students[7]. Furthermore,
existing studies are generally conducted in large-scale assessment contexts, offering limited insight into
how these approaches function in classroom assessment, which directly affects students’ learning
experiences[11].

These limitations become more salient when considered in relation to the characteristics of Figh as a
subject in Madrasah Aliyah. Figh requires not only memorization but also deep conceptual understanding
and legal reasoning, resulting in a wide range of item difficulty levels. In such a context, a scoring approach
that is insensitive to differences in item difficulty may produce scores that do not accurately reflect
students’ true abilities[12]. Consequently, students who are capable of solving complex problems may
receive scores comparable to those who can only answer basic items, thereby raising concerns regarding
assessment fairness[13].

Based on the foregoing discussion, there is a pressing need to examine how differences in scoring
approaches between CTT and IRT affect the fairness of learning outcome scores, particularly in the context
of Figh instruction in madrasahs. This study aims to compare the score estimates generated by both
approaches and to evaluate the extent to which each approach fairly represents students’ abilities by taking
into account item difficulty. Accordingly, this research not only contributes to the methodological discourse
in educational assessment but also offers practical implications for the development of more equitable and
representative classroom assessment systems.

METHODS

Study area

This study is classified as an evaluative research employing a quantitative approach. The primary objective
is to examine differences in students’ scoring outcomes between the CTT and IRT approaches, particularly
in the context of item difficulty analysis and the fairness of learning outcome scores in the subject of Figh.
The participants of this study comprised all Grade XII students at Madrasah Aliyah Negeri (MAN) 1
Surakarta who undertook the Figh assessment in 2023. A total of 387 students were involved, and the data
analyzed consisted of students’ responses to a multiple-choice test instrument in Figh.

Procedures

The analytical procedures included: 1) Collecting students’ examination data, 2) Calculating student scores
using both CTT and IRT approaches, 3) Analyzing item difficulty using CTT (p-values) and IRT (b-
parameters), 4) Testing differences in scores between CTT and IRT using a paired sample t-test, and 5)
Interpreting the results to assess the extent to which differences in scoring approaches affect fairness in
measurement.

Data analysis

Data analysis was conducted using two main approaches: 1) CTT Analysis, which estimates item difficulty
based on the proportion of students who answered correctly (p-value) and assigns total scores based on the
number of correct responses (fixed scoring)[14], [15], 2) IRT Analysis, applying the one-parameter logistic
model (1PL/Rasch) to estimate item difficulty (b-parameter) and item information, and to generate student
scores proportionally by accounting for item characteristics[16], [17], 3) Statistical Test of Score
Differences: To determine the significance of differences between CTT- and IRT-based scores, a paired
sample t-test was employed[18]. This test was conducted on each student’s scores derived from both
scoring approaches to examine statistically significant differences in mean scores. CTT data processing was
carried out using Microsoft Excel and SPSS, while IRT analysis was performed using Winsteps
software[19]. The paired sample t-test was conducted using SPSS version 25.

RESULTS AND DISCUSSION

Within CTT framework, item difficulty is determined based on the proportion of students who answer an
item correctly (referred to as the p-value). The higher the p-value, the easier the item. Based on the item
difficulty analysis using the CTT approach for 40 test items, the distribution of item difficulty was found to
be varied and could be identified in detail at the individual item level.

Items classified as very difficult (index 0.00-0.25)[20], [21] totaled 10 items, representing 25% of the test,
specifically items 2, 3, 4, 5, 6, 19, 23, 27, 31, and 38. These items exhibited very low success rates,
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indicating high cognitive demands or potential issues related to item wording or misalignment between
content and students’ ability levels. The difficult category (index 0.26—0.50) constituted the largest group,
comprising 13 items (33%), namely items 1, 8, 20, 21, 22, 26, 28, 29, 30, 32, 35, 36, and 39. The
dominance of difficult items suggests that the instrument tends to measure moderate to higher-order
abilities.

The moderate (or easy) category (index 0.51-0.75) [20], [21] included 11 items (28%), specifically items
10, 13, 16, 17, 18, 24, 25, 33, 34, 37, and 40. These items were relatively accessible to students with
average ability levels. Meanwhile, the very easy category (index 0.76-1.00) [20], [21] consisted of 6 items
(15%), namely items 7, 9, 11, 12, 14, and 15. Very easy items function to reinforce students’ confidence
and serve as a balancing component within the test. Overall, this distribution indicates that the instrument
encompasses a reasonably comprehensive range of difficulty levels. However, the proportion of very
difficult and difficult items still requires further evaluation in order to achieve a more balanced and optimal
measurement structure (see Table 1).

Table 1. Item Difficulty Level Based on Classical Test Theory (CTT)

Range of Proportion (p) Category Frequency Percentage
0.00 - 0.25 Very Difficult 10 25%
0.26 - 0.50 Difficult 13 33%
0.51-0.75 Easy 11 28%
0.76 — 1.00 Very Easy 6 15%

40 100%

Based on the item difficulty analysis using the IRT approach, referring to the difficulty parameter (b), the
distribution of the 40 test items exhibited a wide range of difficulty levels, identifiable at the individual
item level. In the very difficult category (b > +1.5), there was 1 item (3%), specifically item 27. This item
could only be answered correctly by students with very high ability, representing measurement at the upper
end of the ability scale[22], [23].

The difficult category (+0.5 < b < +1.5) [24], [25] was the most dominant, consisting of 25 items (63%),
namely items 2, 3, 8, 19, 20, 21, 22, 23, 28, 29, 31, 32, 35, 38, and 39, as well as items with b-values
approaching the upper limit such as 1.06, 0.98, 0.72, and 1.22. The predominance of this category indicates
that the instrument focuses primarily on measuring moderate to higher-level abilities. The moderate
category (0.5 < b < +0.5) [24], [25] included 10 items (25%), specifically items 1, 10, 13, 16, 17, 24, 25,
26, 30, 36, and 40. These items align with the average ability of the students and are theoretically the most
informative for ability estimation. The very easy category (b < —0.5) [24], [25] consisted of 4 items (10%),
namely items 4, 5, 6, and 14. These items could be correctly answered by nearly all students and serve to
measure basic-level ability [22], [23]. Overall, this distribution indicates that the instrument encompasses a
full range of item difficulty; however, it is still dominated by difficult items, highlighting the need for
balancing to achieve more evenly distributed measurement of ability (see Table 2).

Table 2. Item Difficulty Level Based on Item Response Theory (IRT)

Range of b-Parameter Category Frequency Percentage
b>+1,5 Very Difficult 1 3%
+0,5<b<+1,5 Difficult 25 63%
-0,5<b<+0,5 Easy 10 25%
b<-0,5 Very Easy 4 10%

40 100%

Based on the comparison of item difficulty between CTT and IRT approaches, a distinction can be made
between items categorized consistently and inconsistently across the two methods. This analysis is essential
for evaluating the stability of item characteristics across measurement models.

Items categorized as consistent are those assigned to the same difficulty category under both CTT and IRT.
This group includes items 1, 8, 14, 16, 18, 20, 21, 22, 26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, and 39. For
instance, items 1 and 8 were classified as difficult under both approaches, while items 16, 18, 33, 34, and
37 consistently fell within the easy category. Item 27 also demonstrated strong consistency, being
categorized as very difficult in both CTT and IRT. Such consistency indicates that these items possess
relatively stable difficulty characteristics that are minimally affected by differences in model assumptions.

Conversely, several items exhibited inconsistent categorization between CTT and IRT. These items include
2,3,4,5, 6,7,9, 10, 11, 12, 13, 15, 17, 19, 23, 24, 25, 31, 38, and 40. The most pronounced
inconsistencies were observed in items 4, 5, and 6, which were classified as very difficult under CTT but
very easy under IRT. This discrepancy highlights that the proportion of correct responses (CTT) and the
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item’s position on the latent ability scale (IRT) can yield substantially different interpretations.
Additionally, several items, such as 2, 3, 19, 23, 31, and 38, shifted from very difficult in CTT to difficult
in IRT, indicating differences in model sensitivity to student ability (see Table 3).

Table 3. Difference of Difficulty Level between CTT and IRT

Item Number CTT Difficulty Level Description IRT Difficulty Level Description
1 0,50 Difficult 0,05 Difficult

2 0,16 Very Difficult 1,88 Difficult

3 0,17 Very Difficult 1,79 Difficult
4 0,00 Very Difficult -7,2 Very Easy
5 0,00 Very Difficult -7,2 Very Easy
6 0,00 Very Difficult -5,99 Very Easy
7 0,80 Very Easy -1,45 Easy

8 0,37 Difficult 0,64 Difficult
9 0,77 Very Easy -1,22 Easy

10 0,56 Easy -0,19 Difficult
11 0,82 Very Easy -1,64 Easy

12 0,89 Very Easy -2,14 Easy

13 0,56 Easy -0,22 Difficult
14 0,95 Very Easy -2,96 Very Easy
15 0,77 Very Easy -1,28 Easy

16 0,63 Easy -0,48 Easy

17 0,53 Easy -0,06 Difficult
18 0,69 Easy -0,84 Easy

19 0,19 Very Difficult 1,66 Difficult
20 0,29 Difficult 1,06 Difficult
21 0,31 Difficult 0,98 Difficult
22 0,35 Difficult 0,72 Difficult
23 0,21 Very Difficult 1,5 Difficult
24 0,54 Easy -0,14 Difficult
25 0,54 Easy -0,11 Difficult
26 0,45 Difficult 0,26 Difficult
27 0,10 Very Difficult 2,46 Very Difficult
28 0,30 Difficult 1,01 Difficult
29 0,26 Difficult 1,22 Difficult
30 0,45 Difficult 0,28 Difficult
31 0,20 Very Difficult 1,6 Difficult
32 0,27 Difficult 1,17 Difficult
33 0,67 Easy -0,72 Easy

34 0,71 Easy -0,92 Easy

35 0,41 Difficult 0,52 Difficult
36 0,47 Difficult 0,17 Difficult
37 0,72 Easy -0,92 Easy

38 0,17 Very Difficult 1,77 Difficult
39 0,38 Difficult 0,62 Difficult
40 0,53 Easy -0,06 Difficult

Overall, these results confirm that, although some items demonstrate good consistency, the differing
paradigms between CTT and IRT can lead to divergent classifications of item difficulty. IRT provides a
more varied and individualized classification, allowing for more precise identification of items that are not
proportionate to students’ abilities. In contrast, CTT relies more heavily on the distribution of participants’
performance; therefore, if the majority of students have either low or high ability, the resulting
classification may become biased.
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Item Score Weights

In the CTT approach, each item is assigned a fixed score weight according to policy or evaluator
agreement. As shown in Table 3, items classified as easy or moderate were typically assigned a weight of
1.5, particularly items 1 through 11. Subsequent items (12—40), which appear to require higher-order
cognitive skills or are more content-significant, were assigned a weight of 2 per item.

These weights are fixed and do not account for item difficulty relative to students’ abilities. Under CTT, all
students receive the same score if they answer the same item correctly, regardless of whether the item is
easy or difficult. While this simplifies scoring, it does not provide additional credit for more challenging
items.

In contrast, IRT assigns variable item weights based on item difficulty and other item characteristics. The
IRT approach provides scores that are proportional to the informational value of each item. A student who
correctly answers difficult items receives higher scores than a student who only answers easy items
correctly.

The highest scores were assigned to difficult items, such as item 2 (3.21), item 3 (3.19), item 38 (3.18),
item 19 (3.14), item 31 (3.12), and item 23 (3.09). Conversely, very easy or non-informative items (e.g.,
items with extreme negative parameter estimates or invalid items) were assigned low weights, such as
items 4 and 5 (0.32) and item 6 (0.70). Most items had scores ranging from 2.00 to 3.00, depending on their
discrimination and difficulty parameters, with the total score summing to 100 points.

Table 4. Item Score Weights between CTT and IRT

Item Number Item Score Weight Based on CTT Item Score Weight Based on IRT
1 1,5 2,63
2 1,5 3,21
3 1,5 3,19
4 1,5 0,32
5 1,5 0,32
6 1,5 0,70
7 1,5 2,15
8 1,5 2,82
9 1,5 2,23
10 1,5 2,55
11 1,5 2,09
12 2 1,93
13 2 2,54
14 2 1,67
15 2 2,21
16 2 2,46
17 2 2,60
18 2 2,35
19 2 3,14
20 2 2,95
21 2 2,93
22 2 2,84
23 2 3,09
24 2 2,57
25 2 2,58
26 2 2,70
27 2 3,40
28 2 2,94
29 2 3,00
30 2 2,70
31 2 3,12
32 2 2,99
33 2 2,39
34 2 2,32
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Item Number Item Score Weight Based on CTT Item Score Weight Based on IRT
35 2 2,78
36 2 2,67
37 2 2,32
38 2 3,18
39 2 2,81
40 2 2,60
75 100,00

Score Differences Between CTT and IRT

Assessment of 387 students using CTT approach revealed substantial disparities in score gains and losses.
Only a small proportion of students benefited, while the majority experienced score reductions. A total of
301 students (78%) experienced a decrease in scores under the CTT approach, indicating that their scores
were lower compared to those obtained using an alternative method, such as IRT. This finding suggests that
CTT does not adequately reward students’ efforts in answering difficult items and overlooks individual
ability variations. Consequently, most students are disadvantaged because CTT assigns equal weight to all
items without considering item difficulty or discrimination.

Conversely, only 83 students (21%) benefited from CTT scoring. These students likely answered relatively
easy items correctly and received full credit as if they had answered more difficult items. This outcome
indicates that CTT may advantage students with average or lower performance who happen to answer
simpler items correctly, without accurately reflecting their true abilities. Interestingly, only 3 students (1%)
received scores that could be considered fair, showing no meaningful difference between CTT and
alternative approaches. This demonstrates that CTT rarely produces neutral or balanced results, and tends
to distort scores for the majority of students.

Based on this distribution, it can be concluded that CTT does not provide fair assessment for most students.
Given the high proportion of students experiencing score reductions and the low proportion benefiting, the
CTT approach requires reevaluation—especially in the context of subjects such as Figh, which demand
proportional understanding, reasoning, and application of concepts relative to item difficulty. As an
alternative, IRT is recommended because it provides more equitable, accurate, and representative
assessment outcomes that better reflect students’ actual abilities.

Table 5. Score Differences Between CTT and IRT

Participant Number CTT Score IRT Score Difference Description
200001 79 77 2 Gain
200002 91 90 1 Gain
200003 71 92 -21 Loss
200004 77 90 -13 Loss
200005 62 74 -13 Loss
200006 74 77 -4 Loss
200007 70 84 -14 Loss
200008 82 81 1 Gain
200009 81 86 -5 Loss
200011 69 74 -5 Loss
200391 98 82 16 Gain
200392 93 87 6 Gain
200393 95 87 9 Gain
200394 95 78 17 Gain
200395 90 81 9 Gain
200396 93 88 5 Gain
200397 98 59 39 Gain
200398 90 89 1 Gain
200399 90 87 3 Gain
200400 93 79 14 Gain
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Participant Number CTT Score IRT Score Difference Description
200401 93 37 56 Gain
200402 88 65 23 Gain
190464 90 68 22 Gain

Student Score Gains

Based on Table 6, the highest score gain was achieved by a single student, with a difference of +56 points.
The majority of students experienced score gains ranging from +1 to +10 points, indicating that most gains
were small to moderate. The most frequent gains occurred at +5 points (6 students), +6 points (7 students),
and +3 and +14 points (5 students each). Only one student experienced an extreme gain of +56 points,
which can be considered an anomaly or outlier. Overall, the CTT approach does not consistently confer
substantial score gains and, in fact, may result in score reductions for the majority of other students.

Table 6. Recapitulation of Student Score Gains Using the CTT Approach

Total Assessment

Gains Using the CTT | Frequency Percent Valid Percent Cumulative Percent
Approach

1 4 48 48 438
2 4 4.8 4.8 9.6
3 5 6.0 6.0 15.7
4 2 24 2.4 18.1
5 6 7.2 7.2 25.3
6 7 8.4 8.4 33.7
7 3 3.6 3.6 37.3
8 3 3.6 3.6 41.0
9 5 6.0 6.0 47.0
10 2 24 24 49.4
11 1 1.2 1.2 50.6
14 5 6.0 6.0 56.6
15 1 1.2 1.2 57.8
16 4 4.8 4.8 62.7
17 4 4.8 4.8 67.5
19 2 24 2.4 69.9
20 4 4.8 4.8 74.7
21 2 24 2.4 77.1
22 3 3.6 3.6 80.7
23 2 2.4 2.4 83.1
24 1 1.2 1.2 84.3
25 1 1.2 1.2 85.5
27 2 2.4 2.4 88.0
28 1 1.2 1.2 89.2
30 1 1.2 1.2 90.4
32 1 1.2 1.2 91.6
36 2 2.4 2.4 94.0
39 1 1.2 1.2 95.2
47 1 1.2 1.2 96.4
49 1 1.2 1.2 97.6
56 2 24 2.4 100.0
Total 83 100.0 100.0

Student Score Losses

The data indicate the amount of lost or unearned points experienced by students due to the use of the CTT
approach in assessing Figh test items. All recorded scores were negative, meaning that students’ scores
under CTT were lower than those obtained using an alternative approach, such as IRT. A total of 301
students experienced score reductions of varying degrees, ranging from a loss of 1 point to 62 points.
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The range of score loss was wide, from -1 to -62 points. The highest loss was experienced by one student,
with a reduction of -62 points, representing the most extreme case in the dataset. The majority of students
lost between -10 and -30 points, reflecting moderate to severe score reductions. The most frequently
observed losses were: -25 points for 15 students (5%), -16 points for 17 students (5.6%), -30 points for 14
students (4.7%), and -17, -22, and -27 points each for 12 students (4%). Overall, more than half of the
students (approximately 55%) experienced losses ranging from -10 to -30 points, indicating that CTT
substantially lowered their scores compared to other methods.

Based on this distribution, it can be concluded that the majority of students experienced significant score
losses when assessed using the CTT approach. These losses ranged from minor (-1 point) to extreme (-62
points). Over 50% of students lost between 10 and 30 points, demonstrating that CTT tends to disadvantage
students in terms of accurate ability measurement, particularly when compared to more adaptive methods
such as IRT. In the context of academic assessment—especially in subjects like Figh, which demand
analytical reasoning and deep understanding—IRT is more appropriate, as it provides a fairer evaluation by
accounting for item difficulty and students’ response characteristics.

Table 7. Recapitulation of Scoring Losses Using the CTT Approach

Total Assessment

Losses Using the CTT | Frequency Percent Valid Percent Cumulative Percent
Approach

-62 1 3 3 3
-56 2 7 7 1.0
-53 1 3 3 1.3
-52 1 3 3 1.7
-49 1 3 3 2.0
-48 1 3 3 2.3
-47 1 3 3 2.7
-44 4 1.3 1.3 4.0
-43 1 3 3 4.3
-42 1 3 3 4.7
-41 1 3 3 5.0
-40 1 3 3 5.3
-39 1 3 3 5.6
-38 2 7 7 6.3
-37 4 1.3 1.3 7.6
-36 5 1.7 1.7 9.3
-35 5 1.7 1.7 11.0
-34 3 1.0 1.0 12.0
-33 5 1.7 1.7 13.6
-32 3 1.0 1.0 14.6
-31 5 1.7 1.7 16.3
-30 14 4.7 4.7 20.9
-29 4 1.3 1.3 22.3
-28 7 2.3 2.3 24.6
-27 12 4.0 4.0 28.6
-26 8 2.7 2.7 31.2
-25 15 5.0 5.0 36.2
-24 7 2.3 2.3 38.5
-23 9 3.0 3.0 41.5
-22 12 4.0 4.0 45.5
-21 7 2.3 2.3 47.8
-20 9 3.0 3.0 50.8
-19 5 1.7 1.7 52.5
-18 8 2.7 2.7 55.1
-17 12 4.0 4.0 59.1
-16 17 5.6 5.6 64.8
-15 9 3.0 3.0 67.8
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Total Assessment

Losses Using the CTT | Frequency Percent Valid Percent Cumulative Percent
Approach

-14 10 3.3 3.3 71.1
-13 11 3.7 3.7 74.8
-12 6 2.0 2.0 76.7
-11 9 3.0 3.0 79.7
-10 9 3.0 3.0 82.7
-9 3 1.0 1.0 83.7
-8 8 2.7 2.7 86.4
-7 8 2.7 2.7 89.0
-6 5 1.7 1.7 90.7
-5 6 2.0 2.0 92.7
-4 6 2.0 2.0 94.7
-3 3 1.0 1.0 95.7
-2 8 2.7 2.7 98.3
-1 5 1.7 1.7 100.0
Total 301 100.0 100.0

Differences Between CTT and IRT Scores

The mean score under the IRT approach (71.61) was higher than that under CTT (59.18). This indicates
that, when assessment is conducted using the IRT model, students tend to achieve higher scores because
IRT weighting adjusts for item difficulty. The standard deviation for CTT was 17.06, whereas for IRT it
was smaller, at 13.87. This suggests that CTT scores are more widely dispersed, while IRT scores are more
concentrated around the mean. These findings demonstrate that IRT tends to provide more consistent and
stable scoring, as it accounts for both item parameters and individual student ability.

Table 8. Description of CTT- and IRT-Based Scoring

Mean N Std. Deviation Std. Error Mean
Pair 1 CTT 59.1835 387 17.06328 .86738
Pair 1 IRT 71.6124 387 13.86705 .70490

Standard Error of the Mean and Paired Sample t-Test Results

The Standard Error of the Mean (SEM) for IRT was smaller (0.705) compared to CTT (0.867). SEM
measures the precision of the mean estimate; the smaller the SEM, the more precise the estimation. This
indicates that the mean score obtained using IRT is more representative of the population as a whole than
the mean score from CTT. Based on these descriptive statistics, it can be inferred that IRT provides a
higher and more consistent mean score compared to the CTT approach. Score variability in IRT is lower,
reflecting a more stable and accurate scoring system in assessing student ability. The precision of the mean
calculation in IRT is superior, as evidenced by the smaller SEM.

Furthermore, the paired sample t-test revealed a t-value of -13.298 with a significance level (p-value) of
0.000, indicating that the difference between CTT and IRT scores is statistically highly significant (p <
0.05). This finding demonstrates that the IRT approach consistently produces higher scores compared to
CTT. This outcome can be explained by the fact that IRT assigns different weights to items based on their
difficulty, allowing students who correctly answer more challenging items to earn higher scores. IRT
scoring considers the interaction between student ability and item characteristics, rather than relying solely
on the proportion of correct responses as in CTT. In contrast, CTT tends to equalize item weights,
disregarding item difficulty or discrimination, so students who answer many easy items can receive the
same score as those who answer difficult items—an approach that does not fairly reflect true ability.

Table 9. Results of the Differences in Scoring between CTT and IRT

Paired Paired Paired Paired Paired Si @
Differenc | Differenc | Differenc | Differenc | Differenc | t df taﬁ;z d)
es es es es es
95% 95%
Std. Std. Error Confidenc | Confidenc Sig. (-
Mean Deviation Mean e Interval | e Interval | t df tailed)
Vv of the | of the
Difference | Difference
Mean Std. Std. Error | Lower Upper t df Sig.  (2-
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Paired Paired Paired Paired Paired Si @
Differenc | Differenc | Differenc | Differenc | Differenc | t df taﬁ;: d)
es es es es es
Deviation | Mean tailed)
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Results and Discussion should be written as a series of connecting sentences, however, for manuscript with
long discussion should be divided into subtitles. Results should be clear and concise.

Discussion

This study demonstrates significant differences between CTT and IRT in analyzing item difficulty, scoring
systems, and the fairness of student learning outcomes.

1. Item Difficulty: Conceptual Differences and Classification Results

CTT evaluates item difficulty based on the proportion of students answering correctly (p-value), whereas
IRT employs the b parameter, which reflects the item’s position along the latent ability scale. Under CTT,
most items were classified as easy (60%), while IRT categorized the majority of items as difficult (63%).
These differences reflect fundamental paradigm distinctions: CTT’s difficulty estimates are sample-
dependent, representing student performance rather than intrinsic item challenge[26], whereas IRT
estimates item parameters independent of the sample, allowing for precise classification even when correct
responses are scarce[8]. Theoretically, CTT is appropriate for small, homogeneous classroom tests but less
suitable for large-scale or ability-based assessments[27]. IRT, in contrast, provides stable, precise, and
unbiased information, supporting a shift toward latent trait-based evaluation—particularly relevant in
subjects such as Figh that demand conceptual understanding and higher-order thinking[28].

2. Item Scoring: Fixed vs. Adaptive

In CTT, item scores are fixed, assigning equal weight to all correct responses regardless of difficulty. While
simple and practical, this approach ignores critical item information[29]. Conversely, IRT applies adaptive
scoring, weighting items according to difficulty (b), discrimination (a), and guessing (c, in 3PL. models)[9],
[17], [30]. Correct responses to difficult, highly discriminating items yield higher scores, whereas very easy
or uninformative items are weighted lower[31]. Adaptive scoring rewards students proportionally for their
performance, producing fairer and more representative assessments of individual ability. Theoretical
implications indicate that IRT is psychometrically more wvalid for measuring actual ability and
differentiating students accurately[32]. This aligns with modern measurement theory emphasizing
measurement invariance, whereby scores should reflect ability rather than extraneous factors[33].
Practically, adaptive scoring incentivizes students to attempt challenging items, promoting higher-order
thinking and increasing fairness in assessment[34].

3. Student Score Distribution: Fairness and Inequality

Analysis showed that 301 students (78%) experienced score losses under CTT, ranging from -1 to -62
points, whereas only 83 students (21%) gained minor benefits (1-10 points), and merely 1% had balanced
scores. These findings highlight that CTT disproportionately disadvantages students capable of solving
difficult items[35]. The uniform weighting in CTT ignores item difficulty and student ability variance,
resulting in aggregated and non-proportional scores[26], [29]. High-ability students answering challenging
items receive inadequate recognition, while low-ability students answering only easy items can still achieve
full scores[36].

In contrast, IRT maps the interaction between student ability and item parameters individually, producing
more precise and stable score distributions[31]. This enhances fairness, particularly for high-performing
students who are disadvantaged by fixed-weight scoring. The findings suggest that both validity and
fairness depend not only on item construction but also on the scoring model[37]. For subjects like Figh that
require conceptual and analytical reasoning, IRT better reflects authentic student ability.

4. Statistical Comparisons: Significance of Differences

The mean IRT score (71.61) was significantly higher than the mean CTT score (59.18), with a paired
sample t-test yielding t = -13.298, p = 0.000. IRT scores exhibited lower standard deviation and Standard
Error of the Mean, indicating more stable and precise estimates of student ability[28]. These results
demonstrate that IRT scoring reflects variations in student performance more accurately and proportionally,
accounting for item difficulty and characteristics[26], [31].

CTT, being sample- and test-dependent, produces scores sensitive to population composition and item
selection, whereas IRT provides invariant scores consistent across samples and test forms [16], [38].
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Consequently, the observed differences are not merely statistical but reflect IRT’s theoretical advantage in
validity and reliability[39].

These findings underscore the importance of selecting a scoring model aligned with assessment goals.
CTT’s aggregate and fixed-weight scoring risks unfair or inaccurate educational decisions, particularly for
medium- to high-ability students[40]. IRT, by contrast, allows for precise, fair, and proportionally valid
measurement, supporting its use in classroom and large-scale assessments, adaptive testing, and diagnostic
evaluation[28]. For subjects like Figh, where conceptual understanding and analytical reasoning are crucial,
IRT provides a more accurate reflection of student competence. Educators and test developers are
encouraged to adopt IRT-based assessment to enhance fairness, validity, and instructional insight.

CONCLUSION

This study revealed significant differences between CTT and IRT approaches in analyzing item quality,
scoring systems, and the fairness of student learning outcomes. Regarding item difficulty, CTT relies on the
proportion of students answering correctly (p-value), whereas IRT uses the b parameter, which accounts for
an item’s position along the students’ ability spectrum. The results indicate that under CTT, the majority of
items were classified as easy (60%), whereas IRT categorized most items as difficult (38%) or very
difficult (10%). Notable anomalies were observed in items 4, 5, and 6, which were rated as very difficult by
CTT but very easy under IRT, highlighting CTT’s limitation in detecting item misalignment.

In terms of scoring, CTT applies fixed weights to all items regardless of difficulty. In contrast, IRT
employs adaptive weighting, assigning higher scores to difficult items and lower scores to very easy ones.
This approach allows IRT to more fairly reward students for correctly answering challenging items.
Regarding score fairness, 301 students (78%) experienced score losses under CTT, while only 83 students
(21%) gained minor benefits. Only 1% of students received balanced scores. These findings indicate that
CTT tends to disadvantage the majority of students, particularly those capable of solving difficult items.

Statistically, IRT produced a higher mean score with smaller standard deviation and standard error,
demonstrating more stable and representative score estimation. Overall, these results confirm that IRT is
superior in proportionally measuring student ability and should be considered for implementation in fair
and accurate educational assessment systems.
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