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ABSTRACT. Test items as an instrument containing students’ thinking abilities must
have good quality. Questions that meet the requirements have a balanced order of thinking
skills, such as questions on Indonesia’s national exam. In analyzing the questions, we
have to collect student assignment scores, which require a long time and complicated
administration. The intelligent system model, namely text processing and case similarity,
can solve this problem. This paper describes how the model works, especially in junior
high school math problems in Indonesia. Text processing is used to identify cognitive
process dimension (CPD) and knowledge dimensions (KD), while case similarity is used
to find solutions according to Revised Bloom’s Taxonomy (RBT) category. Therefore,
the teacher-made item text can be seen based on the model’s performance, whether it is
included in the low-order thinking skills (LOTS) or high-order thinking skills (HOTS).
Keywords: The order of thinking skills, Test item, Intelligent computational, Text
processing, Case similarity

1. Introduction. Three assessment approaches have to be held to improve the educa-
tion’s quality, namely assessment for learning, assessment of learning, and assessment as
learning [1]. One element of developing the primary curriculum model proposed by [2] was
evaluating and assessing the learning process implemented. A proper assessment will also
get good feedback on the learning conducted, which means good education [3]. Besides
that, assessment is also indicated to always go with teaching pedagogy [4]. Assessment
can be done by comparing existing data and information with predetermined standards
or benchmarks [5].

Test as an assessment instrument is presented in the form of items given to students.
Assessment using the written test method is the usual method [6]. Questions must be
given according to the content of the lessons learned by students to produce quality ques-
tions and can be used to assess different cognitive levels. For this reason, the teaching and
learning process and preparation for writing exam questions always refer to the Revised
Bloom’s Taxonomy (RBT) [7]. The test must have a balanced level of thinking skills,
primarily tests in the national examination (UN in Bahasa) as submitted by [8]. This
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composition had been applied to the UN in 2018 and 2019 [9]. The Ministry of Education
and Culture has also increased the portion of questions that require higher thinking skills
or known as high-order thinking skills (HOTS) at junior and senior high school levels,
by 15-20% [10]. The order of thinking skills in question items is not always measured
by students’ ability to answer questions. It can still be estimated based on its learning
objective [11], as in RBT [12].

The Education Assessment Center [13] reported the average score for the Junior High
School Mathematics National Examination in 2019 only reached 47.21, which is still below
the median. The low score suspects that schools’ exercise items did not have the same
quality as the UN questions. Item analysis activities as the assessment are not always
carried out because they are very time-consuming and spend a lot of energy because they
have to do a trial before the test is given to students. The existence of computer aids has
actually refuted these reasons. There have been several computer program application
products to help analyze items such as Xcalibre, Tteman, Lertap, CITAS, RASCAL [14],
ANATES [15], and QUEST [16]. Nevertheless, teachers are still reluctant to use it due to
the lack of teacher mastery of computer operations, as reported by [17,18].

In line with the Digital Revolution-era RI 4.0, artificial intelligence (Al) in various fields
is unavoidable [19], included in the teaching and learning [20] and assessment processes
[21]. The development of the use of data science and machine learning has penetrated the
world of education, such as big data researched by [22], personality classification using
k-means [23], and Bayesian networks to trace the state of student knowledge [24].

Several studies related to the classification of items into Bloom’s Taxonomy or its
revision using computational methods had been conducted. The methods used were
support vector machine, Naive Bayes, and K-nearest neighbor [6], lexical and syntactic
extraction [25], text analysis [26], and using keyphrase [27]. The studies were limited to
classifying and taking objects of science, social studies, Indonesian and English subjects,
unlike math problems, which contain lots of numbers, equations, and pictures.

Based on the description, the proposed model is a novelty of problem-solving to get
the order of thinking skills in the item in junior high schools in Indonesia based on its
category in RBT. The analysis mechanism using a computational algorithm model was
also carried out by [28].

2. Methodology. This research is a fundamental research that emphasizes developing
an intelligent computation-based model to determine a text item’s order of thinking skills.
This model’s framework was developed based on the idea that the government’s questions,
namely the UN, are standardized. In contrast, the teacher’s questions as feedback for
achieving learning objectives must have the same thinking skills’ order as the standardized
items. In general, this model consists of two main processes, namely, text processing
and case similarity (Figure 1).

text processing case similarity

case-based
[CPD, KD, RBT]

order of thinking

text of itern test CPD+ K C1/C2/C3/0/05/06 [—— skills

:

feature extraction
\ i rales

FI1GURE 1. Overview and flow of the proposed model to determine the order
of thinking skills on the test item process
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In the development of the model framework, as shown in Figure 1, we first emphasize
how to get cognitive process dimension (CPD) and knowledge dimension (KD), from now
on referred to as CPD+KD, through feature extraction using text processing. This
process aims to identify the item text by the learning objectives framework in RBT.
Furthermore, from the CPD+KD obtained as keywords, we carry out a case similarity
process to get an RBT category, namely C1, C2, C3, C4, C5, and C6, representing
remembering, understanding, applying, analyzing, evaluating, and creating [12]. The
final step in the model is determining the level of thinking skills using rules, whether the
text item is at a low or high level of thinking skills.

Data required in this study consists of case-based and test data. Case-based data
are learning objectives of junior high school mathematics questions on the UN in 2019,
consisting of 104 item text variations. UN items are used as case-based data because they
are standardized questions that have been tested and arranged to follow the signs of a
balanced order of thinking skills. This data is acquired from the Education Assessment
Center (PUSPENDIK). To find out the RBT category of item text, we do not use a
machine-learning algorithm because it does not acquire large data sets [29]. The test data
are teacher-made items to be analyzed in their order of thinking skills, referring to the
UN questions.

3. Results and Discussion. Teachers’ text items must have indicators derived from
categories and subcategories in learning objectives, classifying the education taxonomy.
The revised taxonomy places the “verb” and “noun” components of the original knowledge
level into two separate dimensions. This verb is a learning objective that describes the
cognitive processes dimension (CPD). In contrast, the noun describes the knowledge
expected to be mastered by students as a knowledge dimension (KD). In other words,
CPD describes what students learn to do, while KD describes the knowledge or content
that takes place to be discovered. Henceforth, both CPD and KD written in CPD+KD
are known as RBT [30]. To get CPD+KD information from text items made by the
teacher, we need a text processing method. This method was also used by [31] to classify
math problems based on topics and sub-topics. Furthermore, a case similarity process is
required between CPD+KD from teacher-made questions with standardized questions to
type RBT.

The case-based development process also uses feature extraction, as explained in Figure
2. In addition to producing learning objectives information, namely CPD+KD, case-based
also contains a solution, which is called RBT. Technically, to get CPD+KD was done by
developing a dictionary. This dictionary includes a list of terms used both in CPD and
KD. Categories in RBT are obtained based on CPD+KD mapped into operational verb
tables and knowledge dimensions [12]. As reference knowledge, this case-based accuracy
must go through the validation of education experts.

Next, the model looks for CPD+KD in the same case-based as CPD+KD questions
made by the teacher. After finding similarities, the model provides RBT category infor-
mation. The solution was found based on the CPD and KD contained in the teacher’s
text item according to its category in RBT: C1, C2, C3, C4, C5, or C6. The class in
RBT provides information on the order of thinking skills. The classification of low or
high order thinking skills can be determined based on the RBT category presented by [7]
using a rule. This rule does an action; if an item is C4, C5, or C6, it is in the HOTS
classification. Otherwise, it is included in the LOTS [32].

RBT employs 25 verbs that create a collegial understanding of student behavior and
learning outcomes, with a composition of C1: 2 verbs; C2: 7 verbs; C3: 2 verbs; C4: 3
verbs; C5: 2 verbs; and C6: 3 verbs, while the six verbs are remembering, understanding,
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FIGURE 2. Feature extraction of case-based and test case

applying, analyzing, evaluating, and creating, which are the RBT categories. The illus-
tration of the model in analyzing the order of thinking skills in the text item is presented
in Figure 3.

As explained in Figure 3, the case of the teacher-made text items is a new case. The
model performs initial extraction from the new case to obtain two keywords, verb (CPD)
and noun information (KD). KD is the knowledge that students learn, or in other words,
it is the subject matter. Examples of KD in math problems are integers (bilangan bulat)
fractional number (bilangan pecahan), exponent (bilangan berpangkat), and so on [33].
An example case is shown in Figure 3, given the problem in “Determine the z Value
in 2? + 2z — 3 = 07 (“Tentukan Nilai x dalam 2* + 2z — 3 = 0” in Bahasa). This
problem is an assessment format of the learning objectives that are designed. In this case,
students learn to find the value of x that satisfies the quadratic equations system. To
find answers, students must execute certain techniques or methods, namely systems of
quadratic equations. The method is the knowledge used to do something, so this method
is included in “procedural knowledge”. The combination of the verb “execute” as CPD
and the noun “equation” as KD has to map into the taxonomy table [34].

The model mapped the two keywords to the developing dictionary. This mapping aims
to get CPD_KD labels. Next, the model performs a case similarity process to get the
RBT category as the solution from the teacher’s items to UN questions. This similarity
process is calculated using Equation (1) [35]. Simultaneously, the case solution, RBT, is
obtained based on the similarity degree’s maximum value, as in Equation (2) [35].

common
SM 6 i) — 1

(6 €:) common + different (1)
SM(é, ei) :HlaX{SM (é, 6]'),6]' S Cll}, 1= 1,273,...,]€ (2)

where € represents a query case or new case; e; represents the CPD of é which is similar
to the number of j CPDs in case-based (e;); “common” represents the number of features
whose value is the same between é and e;; “different” represents the number of features
whose value is different between é and e;; Cl is a category class that has similarities to
CPD in the case é. As stated in the method, there are 104 data cases in case-based,
with each case consisting of 3 classes, namely CPD (Cl;), KD (Cly), and RBT (Cl3). For

the given example, a new case ¢ = (determine, equation, ?) or (menentukan, persamaan,
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FiGure 3. Illustration of the process of thinking skills order analysis in the
test item text (example of a junior high school math problem)

?) in Bahasa, after following the equation, 12 similar cases are retrieved from class Cl;:
e1,€s,...,¢€19 as in Table 1.

Based on the twelve cases in Table 1 that are similar, there is one case with the most
significant degree of similarity, namely e; = (determine, equation, C3). The solution is
found, which is included in the RBT C3 (applying). Thus, the example item test belongs
to items with a low order of thinking skills or LOTS. Finally, the implementation model’s
framework in analyzing the order of thinking skills with item text input is illustrated in
Figure 4.

Figure 4 explains the model’s whole framework from the beginning of the input process,
namely the teacher’s item, to analyze the order of thinking skills. The model performs
feature extraction of new cases, namely the teacher-made item text to get the CPD and
KD labels. Furthermore, the model processes the similarity of these two label entities’
cases with the entities in a case-based (UN questions) to get a solution, the RBT category.
Using the rule obtained information on the order of thinking skills in the item’s text,
namely LOTS.

4. Conclusion. The text processing and case similarity as a part of the intelligent system
can be considered a model for analyzing items test to determine the teacher’s questions’
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TABLE 1. Case-based data and the similarity degree of a new case (¢é) to
case-based (e;)

Case_Id (i) | Cases in case-based (e;): (Cly, Cly, Cl3) Label Degree of ?lmﬂarlty

SM (é,e;)
1 (determine, fractional number, C2) C2_.CK 1/2=05
2 (determine, exponent, C2) C2.CK 1/2=0.5
3 (determine, radical number, C3) C3_PK 1/2=105

4 (determine, equation, C3) C3_PK 1
5 (determine, relations or functions, C2) C2.CK 1/2=105
6 (determine, lines and angles, C2) C2_CK 1/2=0.5
7 (determine, flat shapes, C2) C2_.CK 1/2=0.5
8 (determine, centralizing data, C2) C2_.CK 1/2=10.5
9 (determine, ratio, C2) C2_.CK 1/2=105
10 (determine, sequence and series, C2)  C2_.CK 1/2=10.5
11 (determine, algebraic form, C2) C2_CK 1/2=0.5
12 (determine, set, C2) C2_CK 1/2=0.5

104 (conclude, centralizing data, C4) C4_CK 0
"Determine the x Value inx?+ 2x-3= 0" feji;iunre z);traizinn - determine_CPD  equation_KD

/ F cg\e:si;gp _% l i

order of thinking skill: / ] / il e
/ Lowe (LOTS) / rule c3_PK case similarity

FIGURE 4. The model implementation framework analyzes the text of the
item to get information on thinking skills

order of thinking skills. Based on the classification of learning objectives in the Revised
Bloom’s Taxonomy (RBT), it can be seen that the order of thinking skills contained
in a test item is lower-order (LOTS) or higher-order (HOTS). Although the examples
illustrated were the case of junior high school mathematics item text, to analyze the level
of skill of elementary school and high school math items can use this model. The reason is
that the text model and structure of math questions for elementary and high schools have
similarities with junior high school mathematics questions. Because this model can only
identify items in the form of text, future work develops a model that can identify images
and numbers, considering that there are also pictures and numbers and even non-linear
equations in math problems.
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