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The Covid-19 pandemic is a major challenge for the education system. The face-to-
face learning process shifted to online learning, including the school exams. In Aceh
province, the school exams have changed from paper-based and computer-based.
This research aims to analyze the difficulty index of an item bank based on cognitive
aspects of Bloom’s Taxonomy. The study samples included 850 students. The data
were the item bank of a final semester exam consisting of 200 multiple-choice items,
answer keys, and students’ answer sheets. The empirical analysis of the item bank
using classical test theory (CTT) found that 141 out of 200 items are valid based on
content validity and computing data set using the Aiken’s V formula. Item tests have
reliability of 0.983. The reliability is calculated using the Kuder-Richardson 21
formula. If the reliability coefficient is r11 = 0.70, then the item is declared reliable. In
addition, 62 out of 141 (43.97%) items from the item bank are classified with a
moderate difficulty index, and 79 items (56.03%) are categorized with a high difficulty
index. The cognitive aspects found in the items are remembering, understanding,

applying, and analyzing. Students mostly found items with the cognitive aspects of
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remembering and understanding are difficult to solve.
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INTRODUCTION

COVID-19 is caused by coronavirus, a group of viruses infecting the respiratory system.
The first case of the coronavirus appeared in the province of Wuhan, China. The virus has
currently spread to various countries, including Indonesia. It is easily contagious and requires
various sectors to immediately take action to prevent wider transmission, including the educa-
tion sector. Due to its vulnerability even within the school environment, thousands of school
closures have been implemented worldwide as COVID-19 currently occurred (Toquero,
2020). With the increasing spread of COVID-19 globally and orders to reduce the corona
virus, many schools have also been closed in Indonesia.

Various policy initiatives were launched by the government and educational institutions
to continue learning activities and retain the virus. One of the policies is online learning. The
face-to-face learning process has shifted into online learning to reduce the spread of COVID-
19 (Daniel, 2020; Toquero, 2020). Large-scale national efforts to utilize technology to support
distance learning, distance education, and online learning during the COVID-19 pandemic
have emerged and developed rapidly (Ali, 2020).

COVID-19 is the biggest challenge of the national education system that has ever hap-
pened, including the implementation of school exams. Semester exams in Aceh province were
previously paper-based, and it has instantly switched to computer-based at present. The final
semester exam utilizes items from item banks prepared by the Forum of the Subject Teachers
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ot Musyawarah Guru Mata Pelajaran (hereafter, MGMP) in each regency/city. Item banks have
been calibrated (bin Abd. Razak et al., 2012), and its main purpose is to assemble or construct
the tests and provide test suitability both for daily test and end-of-semester assessments
(Jiraro, 2014). The item banks prepared in Aceh has similar objectives.

Several bodies of literature include research analyzing exam questions according to cog-
nitive aspects. These studies mainly deal with cognitive domain categories of entrance exam
questions or the relationship between difficulty index (Hingorjo & Jaleel, 2012; Johari et al.,
2011; Kibble & Johnson, 2011; Pande et al., 2013; Tan & Othman, 2013; Zainudin et al.,
2012). Furthermore, some studies analyzed exam questions based on the cognitive aspect and
difficulty index. For example, Veeravagu et al. (2010) found a relationship between the cogni-
tive aspects in Bloom’s taxonomy and the learners’ performance for the questions of an Eng-
lish reading skills course. They also revealed that the learners had difficulty answering ques-
tions requiring higher-level cognitive skills: analysis, synthesis, and evaluation. On the other
hand, a study by Kibble and Johnson (2011) aimed to assess how useful two multiple-choice
question classification schemes would be in helping us to predict the difficulty of test items.
Furthermore, they hypothesized that the cognitive aspect of items could be used to predict
item difficulty.

A study conducted by Zainudin et al. (2012) revealed the role of difficulty index as a
potential transformation agent for the Management Information Systems course since it has
successfully portrayed the level of difficulty for each question and task assigned to students. In
another study, Nevid and McClelland (2013) indicated that the learners had difficulty in sol-
ving problems of evaluation and explanation at higher-level cognition of Bloom’s taxonomy
for a psychology course, and these kinds of questions were the most distinctive for high-per-
forming and low-performing learners.

Assessment of learning is one of the essential elements in the process of learning design
since it provides feedback to students and teachers and improves the quality of the education
system. However, studies analyzing the difficulty of item banks at the school level based on
Bloom’s taxonomy are still limited. Thus, this current study would contribute to the assess-
ment practices, teachers, test developers, and assessment experts in generating an item bank.

Analyzing the difficulty index means examining the test items to identify low, moderate,
and high difficulty items. The difficulty index of the items can be noticed from the students’
ability to answer the test items. The item difficulty index is the percentage or proportion of
test-takers who correctly answered an item (Hingorjo & Jaleel, 2012; Marie & Edannur, 2015;
Mitra et al., 2009; Quaigrain & Arhin, 2017). The higher the percentage of students who cor-
rectly answer an item, the easier the item or, the lower the item difficulty, and vice versa
(DiBattista & Kurzawa, 2011; Escudero et al., 2000; Marie & Edannur, 2015; Taib & Yusoff,
2014). Thus, it can be concluded that when fewer students can answer the item correctly, the
item is hard, or the difficulty level is high.

The difficulty index is represented by p (proportion) and ranged from 0 to 1 (Escudero
et al., 2000; Kogdar et al., 2016; Marie & Edannur, 2015). The greater the difficulty index is
obtained, the easier the item will be, and thus, it must be revised. An item with p = 0.00
means that no student answered the item correctly, and if the p = 1.00, it means that all stu-
dents answered it correctly (Arifin, 2017; DiBattista & Kurzawa, 2011; Johari et al., 2011).
Allen and Yen (1979) stated that, in general, the difficulty index of an item should lie within
the interval of 0.3 and 0.7. At this interval, the information regarding students’ abilities will be
maximally obtained (Purnama & Alfarisa, 2020; Salih et al., 2020).

The difficulty index will be analyzed using the difficulty index formula, and it is used to
verify the relationship between the difficulty index and the achievement of learning outcomes.
The importance of analyzing the difficulty index is to identify the difficulty level of an item,
whether it is low, moderate, or high. A good item is an item with neither too low nor too high
difficulty. This research is critical because it is a benchmark to determine whether the test
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items from the item bank are in accordance with the item-writing guideline and student learn-
ing outcomes. In the future, the results of this study can be used to improve the quality of test
items to achieve the targets of learning outcomes and provide input to test-makers, teachers,
schools, and the government.

RESEARCH METHOD

This study is quantitative descriptive research. The data were taken from an item bank
of the final semester examination of the Biology subject. It consisted of 200 multiple-choice
items and the answer sheets of Grade 11 students at Islamic senior high schools in Aceh prov-
ince. The empirical analysis of the item bank using classical test theory (CTT) found that 141
out of 200 items are valid based on content validity and computing data set using the Aiken’s
V formula. Item tests have reliability of 0.983. The reliability is calculated using the Kuder-
Richardson 21 formula. If the reliability coefficient is r11 = 0.70, then the item is declared re-
liable. However, this article only focuses on discussing the difficulty index of the test items
and how they relate to student learning outcomes. Students’ responses were analyzed empiric-
ally based on a classical test theory to examine the difficulty index.

The population of this study was 44926 grade 11 students who took the final exam of
Biology subject in Semester I within the scope of the Ministry of Religious Affairs of Aceh.
The sampling technique used in this research was cluster random sampling, in which the sam-
ple was chosen based on subject availability. Therefore, the research sample involved 850 stu-
dents.

The difficulty index in a classical test theory is the proportion of who answered correctly
(Mardapi, 2015). The formula that is employed to calculate the difficulty index is presented in
Formula (1) (Johari et al., 2011; Kumar et al., 2021; Marie & Edannur, 2015; Nitko, 1996). In
addition, the criteria of the item difficulty index are described in Table 1.

. . __the number of students who answer correctly
Dif ficulty Index = o mimber oF students who fook thataar """ trter e M
Table 1. Difficulty Index Criteria
Difficulty Index Category Modification Results
0.00 — 0.29 High Difficulty Modify
0.30 - 0.70 Moderate Difficulty Accept
0.71 - 1.00 Low difficulty Modify

The analysis of the difficulty index was also carried out by comparing the cognitive do-
mains of the revised Bloom's taxonomy to identify student learning outcomes. The categories
are remembering, understanding, applying, analyzing, evaluating, and creating in the revised
Bloom's taxonomy (Kogdar et al., 2010).

FINDINGS AND DISCUSSION

Difficulty index measures the difficulty level of an item for students. The difficulty index
is calculated for each item by calculating the number of students who answered correctly di-
vided by the number of students taking the test.

The difficulty index that has been calculated is interpreted based on three criteria (Johari
et al., 2011; Kumar et al., 2021; Wibawa, 2019). An item with a difficulty index ranging from
0.00 to 0.29 is classified as high difficulty. An item with a difficulty index between 0.30 and
0.70 1s considered moderate difficulty, and an item having a difficulty index of 0.71 to 1.00 is
categorized as low difficulty (Hingorjo & Jaleel, 2012; Pande et al., 2013).
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The findings of the study found that the difficulty index of an item bank of the Semes-
ter I final exam in Biology for Grade 11, Islamic Senior High Schools in Aceh province, the
academic year of 2019/2020, ranged from moderate to high. In brief, the difficulty index of
the item bank is presented in Figure 1.
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Figure 1. The Difficulty Index of the Item Bank

Figure 1 shows the difficulty index of each item, ranging from 0.1 to 0.5. It indicates
that the item bank consisted of items with high and moderate difficulty. For example, in item
2 in Figure 1, the number of students who answered was 200, and 106 answered correctly.
Then, the calculation to determine the difficulty index of item 2, calculation using Formula (1)
is used, so the difficulty index of Item 2 = 106/200=0.5. This means that item 2 is moderate.
The moderate difficulty index ranges from 0.30 to 0.70, so item 2 is classified as accepted.
Based on the difficulty index theory by Anon (Johari et al., 2011), the higher the difficulty in-
dex is, the easier the item will be. The smaller difficulty index indicates that the item is more
difficult.
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Figure 2. Percentage of Difficulty Index

Figure 2 shows that the difficulty of 43.97% of the items is moderate and 56.03% is
high, and no item with low difficulty. A good item is an item that is not too easy or not too
hard. Allen and Yen (1979) stated that, in general, the preferable difficulty index ranges from
0.30 to 0.70. At this interval, information on a student’s ability will be optimally gained. The
items (62 items) with moderate difficulty can be included in the item bank, but the items (79
items) with high difficulty should be omitted.

Copyright © 2021, Jurnal Penelitian dan Evaluasi Pendidikan, 25(2), 2021
ISSN (print) 2685-7111 | ISSN (online) 2338-6061



166 — Maizura Fauzie, Andi Ulfa Tenri Pada, & Supriatno
@10.21831 /pep.v25i2.42603

The difficulty index relates to a balanced proportion of multiple-choice items with low,
moderate, and high difficulty. Sudjana (2017) stated that the difficulty index of an item bank
should be 3-4-3, meaning that 30% low difficulty items, 40% moderate difficulty items, and
30% high difficulty items, or it can follow a 3-5-2 pattern. Meanwhile, Rao et al. (2016) men-
tioned that the proportion of difficulty index of an item bank could be 30:70, 30% high, and
70% moderate difficulty items.

The item bank in this study consists of 0% low, 43.97% moderate, and 56.03% high
difficulty items (Figure 2). This finding is not aligned with the aforementioned theory since the
difficulty index is not proportionally distributed. The higher proportion of high difficulty
items in the item bank results from many students answering the items incorrectly.
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Figure 3. Distribution Difficulty Index Based on Their Bloom’s Taxonomy Score

The analysis results showed that the high difficulty items dominate the item bank (DI <
0.3). Those items should be deleted. These 79 items are too difficult for students. Neverthe-
less, the item analysis based on cognitive aspects of Bloom’s taxonomy revealed that, on aver-
age, the items fall into Lower Order Thinking (LOT) aspects: remembering (47 items), under-
standing (17 items), and applying (13 items), as indicated in Figure 3. The items that students
are difficult to answer dominantly lie in remembering and understanding aspects. The other
two items are at the analyzing aspect.

The analysis results reveal that low-level cognitive questions are not always easy ques-
tions and vice versa. The possible factor contributing to the incorrect students’ answers is that
students have not yet completely understood the lessons, or the lessons might be new for
them (or not yet taught at schools). Besides, students have not mastered the concepts, and
they might answer the test by guessing. In this case, teachers should be aware of the strengths
and weaknesses of each indicator being assessed. Therefore, teachers should find ways to ad-
dress the problem and more appropriate teaching methods.

The Higher Order Thinking (HOT) items require cognitive aspects of analyzing, evalu-
ating, and creating. Out of 141 valid items based on content validation, only two HOT items
(analyzing). The recommended portion is 30% items for remembering and understanding as-
pects, 40% items for applying and analyzing aspects, and 30% items for evaluating and cre-
ating aspects (Septiana, 2010).
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Uneven distribution of Bloom’s taxonomy cognitive aspects in the item bank is likely
caused by insufficient knowledge of the team who made the test about the criteria of good
items and adopting items from textbooks or online sources without considering the propoz-
tion of items based on the cognitive aspects. The test criteria at the senior high school level
should include HOT items.

CONCLUSION

Based on empirical analysis with a classical test approach, the study shows that out of
200 items, 141 items are valid based on the content validation. Among those valid items, 62
(43.97%) are high, and 79 (56.03%) are moderate difficulty items. Cognitive aspects embedded
in the item bank vary from remembering, understanding, applying to analyzing. There are 47
items that fall into the remembering aspect, 17 are included in the understanding aspect, 13
are categorized as the applying aspect, and two items are in analyzing aspect. Most of the items
that students were challenging to answer are classified into remembering and understanding
aspects. The analysis gives us the information that low-level cognitive questions are not always
easy questions and vice versa.
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