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Abstract: Minimum Competency Assessment (MCA), known in Indonesia as Asesmen Kompetensi Minimum (AKM), is a
national assessment of basic mastery that students must complete. Teachers must be able to compile MCA questions that
accurately measure student knowledge. Well-written questions are crucial for creating high-quality assessments. This study
analyzes the quality of MCA items on the topic of linear motion in science education at a junior high school in Surabaya.
The study aims to evaluate multiple-choice questions using key psychometric parameters, such as validity, reliability,
difficulty index, discrimination index, and distractor efficiency. The questions were created by the author and administered
to 15 ninth-grade students on 8 May 2024. The analysis used descriptive quantitative methods, and data processing was
performed in Microsoft Excel. The results showed that only 4 of 10 items were valid, and the overall reliability coefficient
was low (KR-20 = 0.213). Based on the difficulty index, six items were categorized as moderate, three were difficult, and
one was easy. The discrimination index analysis revealed that five items had good to excellent discrimination power, whereas
others showed poor discrimination and required revision. Distractor efficiency analysis indicated that several distractors were
non-functional, particularly in items with low discrimination indices. These findings imply that although some MCA items
are suitable for use, many require improvement to ensure accurate, reliable, and diagnostic measurement of student
competencies. The study highlights the importance of item analysis as a basis for improving the design of MCA-based

assessments in science education.
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Introduction

Freedom of learning in the 21% century is often
associated with the development of technology and varied
self-skills [1]. This is one of the bases for the independent
learning policy initiated by the Minister of Education,
Culture, Research, and Technology, Nadiem Makarim. The
policy contains 4 points, one of which is to replace the
National Examination with the Minimum Competency
Assessment (MCA) and character surveys [2]. Minimum
Competency Assessment (MCA), known in Indonesia as
Asesmen Kompetensi Minimum (AKM), is a national
assessment of basic mastery that students must follow to
improve their abilities and be able to participate in society
actively [3]. MCA is one of the national assessment
instruments for students based on two basic abilities, namely
reading literacy and numeracy [1]. Therefore, the preparation
of MCA items should not be arbitrary.

Teachers must be able to develop MCA questions that
can accurately measure student knowledge. The items must
be well-written to produce high-quality questions for
students. Therefore, it is necessary to analyze the question
items, which is the stage of evaluating the quality of the
questions to determine whether the questions are valid,
reliable, and suitable for use in the assessment process [4].
Item analysis will make it easier for teachers to analyze the
quality of questions and revise questions if necessary, before
the questions are used as an assessment tool [5]. Item analysis
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includes testing the wvalidity, reliability, difficulty index,
discrimination index, and distractor efficiency.

The item validity is a test used to determine the extent
to which a test can measure what it is intended to measure
[6]. A test can have high validity when its measuring function
is precise and in accordance with the purpose of the
measurement being carried out [7]. A questionnaire is said to
be valid if the calculated r value is greater than the r-table (r-
calculated > r-table) [8]. After a validity test, a question is
considered consistent if, when retested, the results remain the
same as in the first trial. The word reliability means the extent
to which the results of a measurement can be trusted. A
measurement can be trusted when the measurement is carried
out repeatedly on the same subject, and the results obtained
are relatively the same or unchanged [9]. The reliability of an
assessment tool is the fixity or consistency of a measurement
in assessing what you want to assess [10]

The difficulty index of a question can be interpreted
as the probability that students will answer it correctly at the
given skill level. This can be used as a benchmark to prove
whether the question is classified as easy or difficult [11]. A
good question is a question that has a medium difficulty
index, because the question requires high intelligence and
effective pseudo-choice [12]. Therefore, if students
participating in the trial cannot answer a question at all, it can
be said that the question is bad. Likewise, vice versa for the
easy question category [5].

Item quality parameters are also determined by the
discrimination index. The discrimination index measures a
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question's ability to distinguish between highly and less
intelligent test takers [13]. Multiple-choice questions include
answer choices that serve as distractors in addition to the
answer key. A distractor functions well when the distractor is
chosen by more than 5% of test takers [10]. Multiple-choice
questions often include many distractor answers [14]. The
effectiveness of the distractor is evident from how well it
tricks selection participants by shaping the pattern of answer
choices [5].

Most previous studies have primarily focused on
teachers’ perceptions, readiness, and students’ achievement
profiles in literacy and numeracy [3][1]. Other studies discuss
MCA within the broader framework of educational reform
and independent learning policies, without examining the
quality of assessment items themselves [2]. Several studies
have emphasized the importance of item analysis in
improving assessment quality, including validity, reliability,
difficulty index, discrimination index, and distractor
efficiency [10][15][5]. However, these studies analyze MCA
instruments and do not specifically address teacher-
developed MCA science items at the junior high school level.
In addition, research focusing on item-level psychometric
evaluation in science subjects remains limited compared to
studies in literacy and numeracy domains [11].

Therefore, this study addresses the existing research
gap by conducting a comprehensive item analysis of MCA
science questions on linear motion using established
psychometric parameters. The novelty of this research lies in
its focus on item-level evaluation of teacher-developed MCA
science assessments, providing empirical evidence on their
validity, reliability, difficulty index, discrimination index,
and distractor efficiency. This analysis is necessary to support
teachers in improving assessment literacy and ensuring that
MCA instruments function as valid and reliable tools for
measuring student competencies and informing instructional
decision-making.

Research Methods

The research design used was a quantitative
descriptive method (related to its statistical characteristics).
The analyzed questions are MCA questions for science
subjects on the linear motion topic at the junior high school
level. The questions were created by the author, and the
sampling technique was purposive, involving 15 ninth-grade
students from a junior high school in Surabaya who had
completed instruction on linear motion. Data were collected
through a test administered on 8 May 2024. Ethical
considerations were addressed by obtaining permission from
the school and ensuring that student identities remained
anonymous. Data processing was performed using Microsoft
Excel. The questions consisted of 7 multiple-choice
questions (numbers 1, 3, 4, 6, 7, 8, and 9), 1 matching
question (number 2), and 2 true/false questions (numbers 5
and 10). The application used to analyze the questions is
Microsoft Excel 2007. This application will determine the
quality of multiple-choice items, including item validity,
item reliability, difficulty index, discrimination index, and
distractor efficiency.
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Item Validity

Validity testing is one of the steps taken to evaluate
the accuracy of an instrument used in research. The higher
the instrument's validity, the more accurately it measures
data [16]. The correlation value between each item score and
the total score can be calculated using the Pearson Product-
Moment formula as follows [17].

_ nExy)-E0EY) 1
J{nzxZ—(Zx)Z}{nzyZ—@y)Z}

r

r = Pearson correlation coefficient

n = Number of respondents

x = Score for the item

y = Total score (or external variable)
xy = Product of paired scores

Table 1. Categories of validity [18]

Value Category
0.80<r<1.00 Very high validity
0.60 <r<0.80 High validity
0.40 <r<0.60 Medium validity
0.20<r<0.40 Low validity
0.00<r=<0.20 Very low validity
r<0.00 Not valid
Item Reliability

Item reliability can be influenced by several factors,
including the characteristics of test takers, test conditions,
variations in test administration and scoring, the length of the
test, the homogeneity of student abilities, and the difficulty
index of test items [19]. The reliability coefficient in this test
was calculated using the Kuder-Richardson formula (20),
also known as KR-20, as follows [20].

KR—20=%(1—%) @)
KR-20 = Kuder-Richardson formula
k = The number of items
p = Number of students who answered correctly
q = Number of students who answered incorrectly
o? = The variance of the total score

KR-20 is a good choice for measuring the reliability of
questions with several question formats, such as multiple
choice, true/false, and fill-in-the-blank [21].

Table 2. Categories of reliability values [18]

Value Category
0.80<r<1.00 Very high reliability
0.60 <r<0.80 High reliability
0.40<r<0.60 Medium reliability
0.20<r<0.40 Low reliability
0.00<r=<0.20 Very low reliability
r<0.00 Unreliable
Difficulty Index

The difficulty index is obtained by dividing the
number of students who answer correctly on each item by the
number of students who are respondents [22]. The higher the
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percentage of students who answer a question correctly, the
easier the question is, and vice versa [23]. The difficulty
index of the questions can be expressed as a 3:4:3 ratio,
meaning 30% in the easy category, 40% in the medium
category, and 30% in the difficult category [10].

Table 3. Categories of difficulty index [15]

Value Category
0.00-0.30 Difficult
0.30-0.70 Medium
0.7 -1.00 Easy

Discrimination Index

The discrimination index is used to measure the
ability of a question to distinguish between highly talented
and less talented test takers [13]. The discrimination index
can be calculated by ranking students from the highest to the
lowest score. After that, the top 50% of scores are taken as
the upper group and the bottom 50% of scores as the lower
group [24]. The discrimination index (DI) is estimated by the
formula [25],

. (H-L)
DI =2 e 3)
DI = Discrimination index
H = The number of students in the upper group
L = The number of students in the lower group
N = Number of students in the upper and lower group

Table 4. Categories of discrimination index [26]

DI Category Recommendation

Negative Defeptwe Discard /correct the key
items

DI<0.19 Poor Discard

0.20<DI<0.29 Marginal Reviewed

0.30<DI<0.39 Good Need improvement

0.40 <DI Excellent Accepted

Distractor Efficiency

A distractor is an incorrect option in a multiple-choice
question. Its purpose is to determine whether the person
being tested can identify differences in a test [27]. A
distractor that works is called a Functional Distractor (FD)
and is chosen by more than 5% of students. Options picked
by less than 5% of students are called Non-Functional
Distractors (NFD) [28]. Questions that have NFDs should be
revised with more plausible answer choices or removed from
the test [29].

Item Validity of Minimum Competency Assessment
(MCA)

Based on the MCA results at a junior high school in
Surabaya, 15 students participated. Each multiple-choice
question was scored as follows: 1 point for each correct
answer and 0 points for each incorrect answer. This scoring
system aligns with the MCA scoring framework published
by the Ministry of Education, Culture, Research, and
Technology. The following is a graphic of the results of total
student scores.
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Figure 1. Graphic total student scores

Table 5. Validity test results of multiple-choice questions

No. r-calculated r-table Criteria Category
1 -0.228 0.514 Not valid Not valid
2 -0.018 0.514 Not valid Not valid
3 0.771 0.514 Valid High
4 0.536 0.514 Valid Medium
5 0.349 0.514 Not valid Low
6 0.499 0.514 Not valid Medium
7 0.770 0.514 Valid High
8 0.588 0.514 Valid Medium
9 -0.220 0.514 Not valid Not valid
10  0.349 0.514 Not valid Low

Based on Table 5, question numbers 1, 2, 5, 6, 9, and
10 were declared invalid, while question numbers 3, 4, 7, and
8 were declared valid. These valid and invalid criteria are
generated from the comparison between the r-calculated and
r-table. A questionnaire is said to be valid when the value of
r-calculated is greater than the r-table (r-calculated > r-table)
[8]. The calculated r value (0.514) is obtained from the
correlation between each item's score and the total score. The
r-table value is obtained from the Pearson r correlation table
at the 5% significance level with n = 15.

The category column in Table 1 classifies the
calculated r value. Based on this table, questions 1, 2, and 9
are categorised as invalid; questions 3 and 7 as having high
validity; questions 4, 6, and 8 as having medium validity; and
questions 5 and 10 as having low validity. This category is
aligned with the contents of Table 1, as outlined by Guilford
(1956). A test can have high validity when its measuring
function is precise and the purpose of the measurement being
carried out [7]. In this MCA test, there are still invalid and
low-validity questions. Therefore, it is necessary to improve
the question so that, when used as an assessment instrument,
it can accurately assess students' knowledge.

Item Reliability of Minimum Competency Assessment
(MCA)

Table 6 shows that the reliability of the multiple-
choice questions is low. The reliability category for multiple-
choice questions is consistent with the one in Table 2, as
described by Guilford (1956). The reliability of the multiple-
choice MCA questions was 0.213, which is low. These
results indicate that the MCA questions are unreliable when
retested, as the results will differ from the previous ones,
even when tested on the same person.

119



Jurnal Pijar MIPA

Table 6. Reliability test for multiple-choice questions
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made to facilitate the determination of the question's
discrimination index.

No. p q Z pq o2 KR-20 Category
I 053 047 Table 8. Students grouping in upper group
2013 0.87 Question No Student Number
3060 040 2 4 10 6 7 9 15
‘5‘ 8-3 85; 1 0o 0 1 0 0 o0 1
6 0.47 0.53 1.902 2352 0.213 Low g (1) (1) (1) (1) (1) (1) i
7 047 0.53 4 1 1 1 1 1 1 1
& 0.60 040 5 0 1 0O 0 0 0 0
9 040 0.60 6 1 1 1 1 1 1 0
10 007 093 7 L0
8 1 1 1 1 1 1 0
. . 9 o o0 o o0 0 o0 1
Difficulty Index of Minimum Competency Assessment 10 1 0 0 0 0 0 0
(MCA)
Total 6 6 6 5 5 5 5
Table 7 presents the results of data processing for the L
difficulty index of multiple-choice items. Based on this table, Table 9. Students grouping in lower group
it can be seen that question 4 is categorized as an easy Question No. Student Number
question, questions 1, 3, 6, 7, 8, and 9 are categorized as 1 5 3 11 12 8 13
medium questions, and questions 2, 5, and 10 are categorized 1 1 1 1 1 0 1 0
as difficult questions. The category is adjusted to the 2 0 1 0 0 0 O 0
difficulty index value (p) in Table 3. The results showed that 3 0 0 1 0 0 0 0
10% of the questions were categorized as easy questions, 4 1 1 0 0 1 1 0
60% of the questions were categorized as medium questions, 5 0 0 0 0 0 0 0
and 30% of the questions were categorized as difficult 6 0 0 0 0 0 0 1
questions. Thus, the MCA questions still lack a good 7 0 0 0 0 0 0 0
balance. The difficulty index of 6 questions categorized as 8 1 0 0 1 1 0 0
medium is a good question, because these questions have a 9 1 0 1 1 1 0 0
high discrimination index and effective distractors [12]. 10 0 0 0 0 0 0 0
Total 4 3 3 3 3 2 1
Table 7. Difficulty index of multiple-choice questions
N Number Difficulty Table 10. Discrimination index of multiple-choice
0. Category .
of correct Index questions
1 8 0.53 Medium No. DI Category Recommendation
§ 3 8 é(3) B{ifg?uh 1 -0.571 Defective item Discard
. edium . :
4 1 0.73 Easy 2 0.000 Poor e o
2 ! 0'27 lef;pult 3 0.714 Excellent Accepted
7 ; 8 4; ﬁz diﬁz 4 0.429 Excellent N z‘.\ccepted
] 9 0.60 Medium 5 0.143 Poor Revision for incorrect
9 6 0.40 Medum Excellont keﬁDISCi‘rg
. . xcellen ccepte
10 1 0.07 Difficult 7 0.714 Excellent Accepted
8 0.429 Excellent Accepted
Discrimination Index of Minimum Competency o 20571 Defective item Discard
Assessment (MCA) Revision for incorrect
10 0.143 Poor .
key/Discard

Based on Tables 8 and 9, the upper and lower groups
are determined by the number of questions students
answered correctly. Student number 2, who belongs to the
upper group, answered 6 questions correctly, while student
number 13, who answered only 1 correctly, was placed in the
lower group. There is also a student who is not in the upper
group or lower group, namely, student number 14. Although
student number 14 and student number 1 have the same
score, they belong to different groups because the difficulty
index of the questions answered by student number 1 is
lower than that of student number 14. Therefore, student 14
was placed in the middle group. The grouping of students is

Table 10 shows the discrimination index (DI),
obtained by subtracting the number of lower groups who
answered correctly from the number of upper groups who
answered correctly, and dividing by the number of students
in the lower and upper groups. The index is given a category
according to Table 4. After that, it is decided whether the
question can be used for assessment. Based on the table,
questions 1 and 9 were categorized as defective items and
should be discarded, questions 2, 5, and 10 were categorized
as poor and should be revised for the incorrect key, and
questions 3, 4, 6, 7, and 8 were categorized as excellent and
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accepted. Rejected questions must be replaced with other
questions because they cannot differentiate students'
abilities, while questions with revised keys can be revised
before being used as an assessment. There are 2 negative
discrimination index results, likely due to damaged
items/incorrect keys, and to low-ability students answering
more correctly than high-ability students [30].

Distractor Efficiency
Assessment (MCA)

of Minimum Competency

Questions 2, 5, and 10 did not include a distractor
analysis because they were presented as complex multiple-
choice questions. Based on Table 11, in question number one
(Q1), 33% of upper grade students chose answer A, 13%
chose answer B, 0% chose answers C and D. As shown in
Table 11 answer choices A and B are categorized as FD and
do not need to be revised, while answer choices D and C are
categorized as NFD and need to be revised because no
students chose those answers. A good distractor will be
chosen by lower group participants, while upper group
participants tend to choose the correct answer [31].
According to the table, students in the upper grades tend to
use the answer key. Consequently, answer options that are
selected by fewer than 5% of students need to be revised.

Table 11. Distractor analysis of multiple-choice questions
in upper-group students

Answer

options Q1 Q3 Q4 Q6 Q7 Q8 Q0
A 33% 0% 0% 0% 0% 7% 40%
B 13% 0% 0% 0% 40% 0% 7%
C 0% 47% 47% 40% 7% 40% 0%
D 0% 0% 0% 7% 0% 0% 0%
Answer B C C C B C B
key

Answer

options Q1 Q3 Q4 Q6 Q7 Q8 Q0
A FD NFD NFD NFD NFD FD FD
B FD NFD NFD NFD FD NFD FD
C NFD FD FD FD FD FD NFD
D NFD NFD NFD FD NFD NFD NFD

Table 12. Distractor analysis of multiple-choice questions
in the lower group of students

Answer

choice Q1 Q3 Q4 Q6 Q7 Q8 Q9
A 7% 27% 7% 7% 7% 0% 13%
B 33% 13% 7% 0% 0% 27% 20%
C 7% 7% 27% 7% 27% 20% 7%
D 0% 0% 7% 33% 13% 0% 7%
Answer  p o ¢ ¢ B C B
key

Answer

options Ql Q3 Q4 Q6 Q7 Q8 Q9
A FOD FD FD FD FD NFD FD
B FD FD FD NFD NFD FD FD
C FOD FD FD FD FD FD FD
D NFD NFD FD FD FD NFD FD
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Based on Table 12, the distribution of student answers
is more even across all answer choices. Therefore, fewer
answer choices need to be revised than in the upper grades.
Compared with Table 11, upper-grade students tend to
choose the answer key more often than lower-grade students.
Questions 3, 4, 6, 7, and 8 have good distractors. However,
in questions 1 and 9, the situation is reversed: lower-grade
students choose the answer key more often than upper-grade
students, so these questions can be considered to have weak
distractors. This is because the questions' discrimination
index is insufficient to distinguish between upper- and
lower-grade students.

Based on the instrument analysis, several MCA items
were selected for further discussion. The selection of these
items was based on their psychometric characteristics,
particularly those with negative or low discrimination
indices and those that demonstrated good quality. This item
sampling was conducted to provide a clearer evaluation of
the assessment instrument's strengths and weaknesses.

Items 1 and 9 showed negative discrimination
indices, indicating that lower-group students answered these
items correctly more frequently than upper-group students.
This result suggests that the items did not function properly
in distinguishing students’ ability levels. Similar findings
were reported by [27] and [32], who stated that negative
discrimination indices often indicate defective items caused
by unclear wording, inappropriate distractors, or incorrect
answer keys. Therefore, items with these characteristics
should be discarded or thoroughly revised before being
reused in assessments.

In contrast, items 3 and 7 demonstrated high validity
and excellent discrimination indices. Most upper-group
students selected the correct answers, while lower-group
students tended to choose the distractors. This pattern
indicates that the items effectively differentiated student
ability levels. Similar results were also reported by [21], who
found that items with moderate difficulty indices and
effective distractors tend to show better discrimination
power. Items with these characteristics can be retained as
examples of well-constructed MCA questions.

Furthermore, items 2, 5, and 10 showed low
discrimination indices and ineffective distractors, as several
answer options were rarely chosen by students. This finding
is consistent with studies by [28] which emphasized that non-
functional distractors reduce the diagnostic value of
multiple-choice items and negatively affect discrimination
indices. These results indicate that future MCA item
development should focus on improving distractor
plausibility and alignment between indicators, cognitive
levels, and answer options to ensure accurate and reliable
competency measurement.

Conclusion

The analysis of the MCA multiple-choice questions
revealed several key findings. Out of ten items, only four
(questions 3, 4, 7, and 8) were found to be valid, and the other
six are invalid. Invalid questions need to be revised to ensure
they accurately assess student understanding. The overall
reliability score was low (0.213), which indicates that the test
results might not be consistent if given again. Most questions
were moderately difficult, which is an ideal level for
assessments. However, a few questions were either too easy
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or too difficult and need to be adjusted. The discrimination
index showed that questions 1 and 9 didn't effectively
differentiate between upper and lower group students and
should be replaced, while questions 2, 5, and 10 should be
revised. Additionally, the distractor analysis showed that, in
some cases, especially in questions 1 and 9, lower-group
students chose the correct answer more often than upper-
group students. This study highlights the importance of
teachers developing and evaluating MCA questions.
Reliable and valid assessment tools are essential to support
meaningful learning evaluation and informed instructional
decision-making. Further research is recommended to
involve larger samples, different schools, and diverse science
topics to strengthen the generalisability of findings and
improve MCA question development practices.
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