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ABSTRACT Classifying the cognitive levels of assessment questions according to Bloom’s taxonomy can
help instructors design effective assessments that are well aligned with the intended learning outcomes.
However, the classification process is time consuming and requires experience. Many studies have attempted
to automate the process by utilizing different machine learning and text mining approaches, but none has
examined the classification of Arabic questions. The purpose of this study is to examine this research gap
and to introduce a new feature extraction method that would better suit Arabic questions and their unique
characteristics. It also aims to provide Arab instructors with a tool that can help them automatically classify
their assessment questions. To accomplish this purpose, the study developed a dataset of more than 600
Arabic assessment questions. It then proposed a modified term frequency- inverse document frequency
(TF-IDF) method for extracting features from Arabic questions. Unlike the traditional TF-IDF, the proposed
method was designed to take the nature of assessment questions into consideration. It was evaluated by
comparing it to two methods that have been used for classifying English questions, i.e., the traditional
TF-IDF and a modified TF-IDF method called term frequency part-of-speech- inverse document frequency
(TFPOS-IDF). A t-test was utilized to examine whether the difference in performance between the three
methods was statistically significant. The proposed method outperformed the two other methods. The overall
accuracy, precision, and recall scored by the proposed method were significantly higher than those scored
by the traditional TF-IDF and TFPOS-IDF methods. The evaluation results indicate the promising potential
of the proposed method, which can be extended to other languages.

INDEX TERMS Arabic text classification, feature extraction, learning analytics, machine learning, TF-IDF.

I. INTRODUCTION
Bloom’s revised taxonomy is a widely accepted frame-
work for classifying learning outcomes and assessment ques-
tions [1], [2]. The taxonomy has six levels of cognitive skills
that move in a hierarchal order of complexity. At the bottom
are remembering and understanding, which are referred to
as lower-order thinking skills (LOTS). The top four levels
are applying, analyzing, evaluating, and creating, which are
referred to as higher-order thinking skills (HOTS) [3]. While
LOTS can be valuable, purely memorizing and understanding
knowledge is insufficient in modern-day higher education.
University students are expected to develop HOTS; these
skills have been identified as an essential attribute for these
students [4], [5].
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Assessments drive students’ learning and affect the skills
that students acquire [6]. Instructors can foster student learn-
ing by aligning assessment questions with the intended learn-
ing outcomes [7], [8]. Thus, it is extremely important to
design effective assessments that cover the different cognitive
levels, assess diverse students’ skills and arewell alignedwith
the intended learning outcomes. However,Momsen, et al. [9],
El-Gohary [10] and Jones, et al. [11] examined assessment
questions of different courses and found that the majority of
these questions assessed LOTS, and only a small percentage
of questions targeted HOTS. Lightfoot and Schwager [12]
and Martin [13] also studied several undergraduate courses
and found that the majority of assessment questions are not
well aligned with the learning outcomes and that misalign-
ment is a common problem in undergraduate courses.

Designing effective assessments seems to be very challeng-
ing, especially for instructors who lack theoretical knowledge
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and practical experience with instructional design, which
is the case for many instructors in postsecondary institu-
tions [10], [14]. A major challenge is to identify the cognitive
level of assessment questions and use that to ensure accurate
alignment with the learning outcomes and an appropriate
balance of LOTS and HOTS questions. While instructors
normally look at the verb or the interrogative word to deter-
mine the cognitive level of questions, there are verbs and
interrogative words that belong to more than one cognitive
level of Bloom’s revised taxonomy [11], [15]. For example,
‘‘Explain what do we mean by the term democracy.’’ is a
LOTS question, while ‘‘Explain the reason why link state
routing is preferable to distance vector style routing’’ would
be a HOTS question. In such cases, the whole context of the
question should be taken into consideration, and instructors
need to rely on their own experience to decide the right
cognitive level [11]. This task can be even more challeng-
ing considering the many courses that instructors teach each
semester and the large number of questions that they need to
produce for each course [16].

To facilitate the process of classifying assessment ques-
tions according to Bloom’s revised taxonomy, many studies
have tried to automate the process by using different machine
learning approaches [17]–[20]. However, none of these stud-
ies has looked at classifying Arabic questions. Furthermore,
the feature extraction approaches that have been used in
these studies are not tailored toward assessment questions.
They were developed for other text classification tasks and,
therefore, do not take the nature of assessment questions into
consideration.

This study focuses on classifying Arabic assessment
questions according to Bloom’s taxonomy. It introduces a
new modified term frequency-inverse document frequency
(TF-IDF) for feature extraction. It develops the first dataset
for Arabic question classification. To the best of our knowl-
edge, this is the first study that applies machine learning to
the classification of Arabic questions. The proposedmodified
TF-IDF approach considers the nature of assessment ques-
tions and assigns weights to the different words in questions
based on their importance to the classification task.

The remainder of the paper is organized into six sections.
Section II provides background information about Bloom’s
taxonomy, machine learning, text mining, and feature extrac-
tion approaches. It also discusses related work. Section III
explains the proposed method and how it was designed.
Section IV describes how the method was evaluated by com-
bining it with five different classifiers. Section V presents
the evaluation results. Section VI provides a brief discussion.
Section VII concludes the paper and suggests some future
work.

II. BACKGROUND
Before demonstrating the proposed modified TF-IDF
method, this section presents brief information about Bloom’s
taxonomy and the different machine learning approaches that
have been used in this study. It also discusses related work.

A. BLOOM’S TAXONOMY
Bloom’s taxonomy was first introduced in 1956. It aimed to
help instructors describe and classify educational goals and
assessment items [21]. The taxonomy has three overlapping
domains: cognitive, psychomotor, and effective. The cogni-
tive domain attracted the most attention and became the most
widely utilized domain in higher education [22]. It organizes
the learning process into six levels, in increasing order of
complexity, with achievement at lower levels being required
to move up to the higher levels [2].

The taxonomy has been revised several times. The most
notable revision was that of Anderson and Krathwohl [3]
in 2001. In the revised taxonomy, the number of cognitive
levels was retained, but the order of the two upper levels was
interchanged, and the names of all six levels were changed to
verb forms. These levels are (from low to high level):

1) Remember: recall basic knowledge from memory.
2) Understand: construct meaning from previous learning

materials.
3) Apply: use a procedure in a given situation.
4) Analyze: break learning materials into smaller parts

and determine how these parts are related to each other
or an overall structure.

5) Evaluate: judge a situation based on given criteria.
6) Create: put a group of elements together to form a

functioning whole.
Bloom’s taxonomy has proven to be very helpful in writing

effective assessments. It can help instructors to not only
understand the cognitive levels of both the learning outcomes
and the assessment questions but also to use them to ensure
accurate alignment between the two [11]. Instructors can also
use the taxonomy to maintain an appropriate balance between
HOTS and LOTS questions [11] and to perform a cross-check
to ensure that no learning outcome is overtested at the expense
of others [23].

B. MACHINE LEARNING
Machine learning can be defined as ‘‘a subfield of artificial
intelligence that includes software able to recognize patterns,
make predictions, and apply newly discovered patterns to
situations that were not included or covered by their initial
design’’ [24]. Machine learning has become crucial for solv-
ing complex problems and has been successfully applied in
a wide range of areas, including the stock market, games,
medical diagnostics, robotics, information security, and edu-
cation [25]. In education, it has been used for a variety
of purposes, such as predicting student dropout and reten-
tion [26], admission decisions and course scheduling [27],
profiling students and modeling their learning behav-
ior [28], and evaluating student engagement and academic
integrity [29].

Machine learning is broadly categorized into two main
categories: supervised and unsupervised machine learning.
Supervisedmachine learning, which is the focus of this paper,
refers to algorithms that use labeled datasets to find patterns
that can be applied to make predictions [30]. A successful
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supervised learning model should (1) predict a target value of
a training dataset to a satisfactory degree of accuracy and (2)
be able to be successfully generalized to other datasets [31].

Many machine learning algorithms have been developed
over the years, such as linear regression, logistic regression,
decision tree, support vector machine, K-nearest neighbor
and naive Bayes. Each algorithm has its strengths and can be
used to solve a variety of problems. Therefore, data scientists
normally try more than one algorithm to find the one that is
most suitable for their application [32].

C. TEXT MINING
Text mining can be defined as the process of extracting new
meaningful information and knowledge from unstructured
text [33]. Text mining is a variation of another field called
data mining.While data mining works on structured data, text
mining can handle unstructured or semistructured data such
as assessment questions [34].

To enhance the extraction process of text mining, a tech-
nique called natural language processing (NLP) is normally
used [35]. NLP performs a special kind of linguistic analysis
on text, such as [34]:

1) Tokenization: splitting a piece of text into words or
phrases.

2) Stop word elimination: removing words such as articles
and prepositions that do not add much value to the
meaning of the text.

3) Stemming and lemmatization: identifying the root/stem
of words in the text.

4) Feature extraction: identifying a meaningful set of fea-
tures in the text.

A wide variety of methods can be used for feature extrac-
tion. The bag-of-words model is a simple method in which
documents are represented by word occurrences while ignor-
ing the positions of the words [36]. TF-IDF is another clas-
sic method that is simple but very efficient. It measures
the importance of a word to a document in a corpus. It is
computed by multiplying the term frequency (TF) by the
inverse document frequency (IDF). TF is the number of times
a term appears in a document, while IDF is a measure-
ment of how significant that term is relative to the whole
corpus [37].

Another method that has received increasing attention is
word embedding. In this method, each word in the corpus is
represented by a vector of real numbers. This representation
facilitates language understanding by mathematical opera-
tions. It allows capturing the similarity between individual
word vectors, thus providing information on the underlying
word meanings [38]. Several pretrained word embedding
models have been developed, such as word2vec, global vec-
tors for word representation (GloVe) and FastText [39].

D. RELATED WORK
Several studies have applied machine learning and NLP
to classify assessment questions according to Bloom’s

taxonomy. Jayakodi, et al. [40] generated a dataset of 88 ques-
tions taken from several information technology courses.
They used WordNet and cosine similarity to develop a
rule-based classifier, which was able to achieve 70% accu-
racy. Similarly, Aninditya, et al. [19] developed a dataset
of 300 mid-term and final exam questions taken from differ-
ent information technology courses. They then used TF-IDF
for feature extraction and naive Bayes for classification.
Their classifier achieved a precision of 85% and recall
of 80%.

Osadi, et al. [41] developed an ensemble classifier by com-
bining four classification algorithms: support vectormachine,
naive Bayes, k-nearest neighbor, and rule-based classifier.
They used a word vector method for feature extraction. They
tested their classifier on a dataset of 100 questions taken
from a programming course. Their ensemble classifier out-
performed the individual classifiers and scored an overall
accuracy of 82%. Mohammed and Omar [17] used word2vec
and amodified TF-IDF called term frequency part-of-speech-
inverse document frequency (TFPOS-IDF) to extract fea-
tures from exam questions. The extracted features were fed
into three different classification algorithms: support vector
machine, K-nearest neighbor and logistic regression. In their
experiments, they used two datasets. The first set contained
600 questions, while the second had 141 questions. The
support vector machine performed the best and was able to
achieve an F1-measure of 89.7% on the first dataset and
83.7% on the second dataset.

All of the previous works targeted English questions,
and none examined Arabic question classification. In addi-
tion, the feature extraction approaches that were utilized in
these studies were not developed to extract features from
assessment questions. Even in the study of Mohammed and
Omar [17], the modified TF-IDF that they used was ini-
tially developed to extract features from information retrieval
queries. They used it in their study as it does not take the
nature of assessment questions into consideration. Despite
this, the modified method performed better than the tradi-
tional TF-IDF. In fact, the same result has been reported
in many studies where modified TF-IDF methods were
utilized.

Roul, et al. [42] developed a modified version of the tra-
ditional TF-IDF to extract features from news articles. Their
modified method takes the frequency distribution and docu-
ment length into consideration. They tested it on three differ-
ent datasets and achieved better or comparable results than the
traditional TF-IDF method. Similarly, Kim and Lee [43] pro-
posed a modified TF-IDF for classifying health symptoms.
Their proposed TF-IDF assigns higher weight when a disease
and a symptom are mentioned together in many academic
articles or when a symptom that is mentioned with a disease
is rarely mentioned with other symptoms. The modified
TF-IDF achieved better performance than the
traditional TF-IDF. Zhu, et al. [44] also proposed a
modified TF-IDF method that they called TA TF-IDF.
Their method is intended to detect and classify hot

VOLUME 9, 2021 95111



A. S. Alammary: Arabic Questions Classification Using Modified TF-IDF

news topics. It incorporates time distribution informa-
tion and user attention. Their experiment showed that
the modified method could reach an average accuracy
of 78.36%

III. THE PROPOSED METHOD
To understand how the proposed method works, it is impor-
tant to first explain the traditional TF-IDF and how it is
calculated. In the traditional TF-IDF, the TF of a term t in
document d is computed as follows [37]:

tf (t, d) =
ct,d∑
k ct,d

, (1)

where ct,d indicates the number of times t appears in d and∑
k ct,d denotes the total number of terms in d. The more

times t appears in d, the more significant it becomes to that
document. The TF is normally referred to as the local term
weight.

The IDF is calculated as follows:

idf (t,D) = log
D
dt
+ 1, (2)

whereD denotes the total number of documents in the corpus
and dt indicates the number of documents that contain the
term t. The fewer times t appears in a corpus, the more
significant it becomes in identifying the documents in that
corpus. The IDF is normally referred to as the global term
weight.

Traditional TF-IDF is calculated by multiplying
Equation (1) by Equation (2).

TF − IDF (t, d,D) = tf (t, d)× idf (t,D) . (3)

Traditional TF-IDF treats all terms in a document the same.
It assumes that all terms have the same level of importance
to the classification task and, therefore, calculates their TF-
IDF in the same way. Unlike other types of data, assess-
ment questions have characteristics that need to be taken into
consideration when classifying them according to Bloom’s
taxonomy. There are certain terms, i.e., question verbs and
interrogative words, that carry greater importance in the clas-
sification task. It is true that relying only on a predefined list
of verbs and interrogative words to decide the Bloom’s level
would not yield good performance, as shown in the study of
Wen-Chih and Ming-Shun [45]. However, these verbs and
interrogative words should be assigned higher weights than
other terms that are of less importance to the classification
task.

When looking at a question such as
‘‘ ’’, which can be translated as
‘‘Explain the meaning of social democracy.’’, it can be seen
that the verb ‘‘explain’’ has the greatest importance
in deciding the Bloom’s level of the question as compared
to the other terms. By considering this verb, the classifier
can deduce that there is very little possibility for the ques-
tion to belong to the Remember, Apply, Evaluate or Create
level of the taxonomy. The verb ‘‘explain’’ has no

or few occurrences in questions that belong to these four
Bloom’s levels. It frequently occurs in questions that belong
to the Understand and Analyze levels. By eliminating 4 out
of 6 classification possibilities, we could say that the verb
has helped in achieving more than 60% of the classifi-
cation work. This must be reflected in the weight that is
assigned to the verb when calculating its TF-IDF score.
This is what our modified TF-IDF does. It calculates the
TF score of question verbs and interrogative words as
follows:

tfar (t, d) =
ct,d + (

∑
k ct,d ÷ 2)∑

k ct,d + (
∑

k ct,d ÷ 2)
. (4)

The equation increases the term frequency of question
verbs and interrogative words by a number equal to half
of the question length. Thus, it guarantees that question
verbs and interrogative words have TF scores larger than
any other word in the question no matter the length of the
question.

Because our modified TF-IDF is designed to work with
Arabic questions, it is important to note that there are two
types of Arabic interrogative words. Type 1 includes words
that have meaning by themselves such as ‘‘Why’’,
‘‘When’’ and ‘‘How’’. Type 2 includes words that do
not have meaning by themselves, and one should look at the
words that follow these interrogative words to understand
their meaning, such as and . For example, let us look
at the interrogative word in the following two questions:

‘‘ ’’ and
‘‘ ’’. In both questions, the word
does not have complete meaning by itself. However, if we
combine it with the word that follows, the meaning becomes
‘‘Which’’ in the first question and ‘‘Who’’ in the sec-
ond question. By considering this, our modified TF-IDF
will divide the TF score in Equation (4) between Type 2
interrogative word and the word that follows it. The
TF score for each of the two words will be calculated as
follows:

tf ar (t, d) =
ct,d + (

∑
k ct,d ÷ 2)∑

k ct,d + (
∑

k ct,d ÷ 2)
÷ 2. (5)

For the remaining words in the Arabic question, the
TF score will be calculated as follows:

tf ar (t, d) =
ct,d∑

k ct,d + (
∑

k ct,d ÷ 2)
. (6)

No change has been made to the way the IDF score is
calculated in our modified TF-IDF. This is because IDF is
a global term weight and is calculated at the corpus level, not
at the question level;

idf ar (t,D) = log
D
dt
+ 1. (7)

Therefore, the TF-IDF score in our modified method is
calculated as follows:

TF − IDFar (t, d,D) = tf ar (t, d) ∗ idf ar (t,D) . (8)
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The whole calculation can be illustrated as follows:

TF − IDFar (t, d,D)

=



ct,d+(
∑

k ct,d÷2)∑
k ct,d+(

∑
k ct,d÷2)

if question verb or
Type 1 interrogative word

ct,d+(
∑

k ct,d÷2)∑
k ct,d+(

∑
k ct,d÷2)

÷ 2 if Type 2 interrogative

word or word that follows
ct,d∑

k ct,d+(
∑

k ct,d÷2)
otherwise


∗ log

D
dt
+ 1. (9)

IV. EVALUATION
To evaluate the proposed method, a process of five steps was
performed (see Fig. 1).

FIGURE 1. The process for evaluating the proposed method.

A. STEP 1: DATASET DEVELOPMENT
As no previous dataset has been developed for classifying
Arabic assessment questions according to Bloom’s taxon-
omy, the first step was to develop a dataset. The dataset
contains 610 questions. All questions are short answer and
essay questions. They were collected from different academic
resources [46], [47] and by translating questions from the
dataset developed by Yahya and Osman [48]. The ques-
tions belong to different academic disciplines, including com-
puter science, engineering, mathematics, physics, history,
economics, business, and art.

The questions were of various lengths. The longest ques-
tion had 36 words, while the smallest question had 3 words.
The average question length was approximately 9 words.
Approximately 18% of the questions (106) had interrogative

words, while the rest (72%) had Bloom’s verbs. As shown
in Fig. 2, the dataset was developed so that it contains an
approximately equal number of questions for each cognitive
level.

FIGURE 2. Distribution of questions per cognitive level.

B. STEP 2: PRE-PROCESSING
In the preprocessing step, the input text is structured and
cleaned to prepare it for further analysis [49]. The first step of
the preprocessing procedure was the removal of punctuation
and extra spaces. Then, non-Arabic letters and numbers were
eliminated. The last step was to remove stop-words. However,
not all stop-words were removed because many interrogative
words and question verbs were included in the predefined
stop-words list. These words, as discussed in the previous
section, are very important for the classification task and,
therefore, were kept in the questions.

C. STEP 3: FEATURE EXTRACTION
As the aim of this study is to modify the traditional TF-IDF
method to be suitable for extracting features from Ara-
bic questions, it was important to compare the proposed
method with the traditional TF-IDF as well as with any
modified TF-IDF that has been proven suitable for extract-
ing features from assessment questions. Thus, the proposed
method would yield better results. As explained in the related
work, the majority of previous studies used TF-IDF. Only
Mohammed and Omar [17] used a modified TF-IDF method
called TFPOS-IDF in their study.

TFPOS-IDF was not developed for assessment questions
but rather to extract features from information retrieval
queries. It assigns a weight to each term in a document
according to its type, i.e., verb, noun, adjective, or adverb.
Verbs are given the highest weight of 5, nouns and adverbs
are given 3, while the other terms are given a weight of 1.
These weights were selected to accommodate the nature of
information retrieval queries.
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In this study, our proposed method was compared with
both the traditional TF-IDF and TFPOS-IDF methods. Each
method was used and tested separately.

D. STEP 4: CLASSIFICATION
Five popular machine learning classifiers were used in this
study: naive Bayes, support vector machines, k-nearest neigh-
bors, logistic regression and decision trees. The selection of
these five classifiers was for several reasons. First, the five
classifiers were previously used for classifying assessment
questions, and they all performed very well in the classi-
fication task [17], [19], [41]. These five approaches were
also used for classifying Arabic text, and their performance
was very good [50]–[52]. In addition, because this is the
first study to explore the classification of Arabic assessment
questions, it was important to examine multiple classifiers
to determine which classifier would perform the best with
Arabic questions. Furthermore, it was vital to test the different
feature extraction methods with different classifiers to see if
the performance of these methods will differ with the type of
classifier.

E. STEP 5: EXAMINING THE EVALUATION RESULTS
The last step was to examine the evaluation results that were
achieved by the five classifiers. To do that, several experi-
ments were conducted. For each method, the extracted fea-
tures were fed into the five classifiers. Then, the experiment
was repeated 20 times. For each run, the training and testing
sets were randomly selected, i.e., 80% to the training set and
20% to the testing set. Three evaluation metrics were com-
puted and recorded: overall accuracy, recall, and precision.

Overall accuracy measures the goodness of classification
as a ratio of correctly predicted instances to the total number
of cases [53].

If cinstances is the total number of predicted cases, x̂i is the
predicted value of the i-th instance and xi is the corresponding
true value, then the overall accuracy of the classification is
calculated as follows [54]:

Overall accuracy
(
x, x̂

)
=

1
cinstances

cinstances−1∑
i=0

1(x̂i = xi). (10)

Recall measures the classification perfection as the fraction
of all correct results returned by the classifier. It is calculated
as follows [53]:

recall =
TP

TP+ FN
, (11)

where true positive (TP) is the number of instances that the
classifier has correctly classified and false negative (FN)
is the number of instances that the classifier has not
classified [54].

Precision measures the classification fineness as a ratio of
correctly predicted positive instances to the total predicted
positive instances. It is calculated as follows:

precision =
TP

TP+ FP
, (12)

where false positive (FP) is the number of instances that the
classifier has incorrectly classified.

To determine if the difference in overall accuracy scores
between the proposed method and the other two methods is
significant, a two-sample t-test of the null hypothesis was
utilized. The scores achieved by the proposed method were
tested against the scores achieved by each of the two meth-
ods [55]. The hypotheses for this test were as follows:

• The Null Hypothesis (Ho): There is no significant differ-
ence between the overall accuracy scores that have been
achieved by the two feature extraction methods.

• The Research Hypothesis (Ha): There is a significant
difference between the overall accuracy scores achieved
by the two methods.

A confidence level of 95% was employed in this study.
If the p-value < 0.05, then the Ho of no significant difference
in scores between the two methods will be rejected, and Ha
will be accepted. If the p-value > 0.05, then Ha will be
rejected, and Ho will be accepted.

To compare the performance of the five classifiers, the one-
way ANOVA test was conducted with the following hypothe-
ses:

• The Null Hypothesis (Ho): There is no significant differ-
ence between the performances of the five classifiers.

• The Research Hypothesis (Ha): There is a signifi-
cant difference between the performances of the five
classifiers.

However, ANOVA test results do not map out which classi-
fier performances are different from others. As a result, a post
hoc Bonferroni correction test was conducted to determine
which classifiers differ significantly in performance [56].

V. RESULTS
The performance of the five classifiers (i.e., naive Bayes,
support vector machine, k-nearest neighbor, logistic regres-
sion and decision trees) changed depending on the feature
extraction method that was used (i.e., the proposed method,
TFPOS-IDF or traditional TF-IDF).

A. NAIVE BAYES
Fig. 3 shows the overall accuracy scores that were achieved
by the naive Bayes classifier when it was used with the
three feature extraction methods. Over the 20 runs, naive
Bayes performed the best when it was combined with the
proposed method. The average accuracy of the proposed
method (0.787295), as seen in Table 1, was higher than the
average accuracy of the other two methods (TFOPS-IDF =
0.727782 and traditional TF-IDF = 0.727049). Similarly,
the proposed method helped the classifier achieve better
recall and better precision than the other methods. The com-
plete results are shown in Appendix A.

When conducting the t-test to determine if the difference
in overall accuracy scores between the proposed method and
the TFPOS-IDF method is significant, the test yielded a
p-value of 2.89× 10−8, indicating that there is a statistically
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FIGURE 3. The overall accuracy of naive Bayes when it was used with
each of the three feature extraction methods.

TABLE 1. Performance of the naive bayes classifier when used with each
of the three feature extraction methods.

significant difference between the overall accuracy scores
achieved by the two methods.

Similarly, the t-test yielded a p-value of 6.01×10−6 for the
difference in overall accuracy scores between the proposed
method and the traditional TF-IDF method. This also indi-
cates that there is a statistically significant difference between
the overall accuracy scores achieved by the two methods.

B. LOGISTIC REGRESSION
Logistic regression was tested with different combinations
of parameter values to find the combination that performed
the best for Arabic question classification. The algorithm
performed the best with the following parameter values:

• Inverse of regularization strength (C) = 3.35
• Algorithm to use in the optimization problem (solver)=
‘lbfgs’

• Penalty = ‘l2’

The overall accuracy scores that were achieved by the
logistic regression classifier were quite similar to those
achieved by the naive Bayes classifier (see Fig. 4). The
support vector machine also performed the best when it was
combined with the proposed method. The average accuracy
of the proposed method (0.779508), as seen in Table 2, was
higher than the average accuracy of the other two methods
(TFPOS-IDF = 0.718033 and traditional TF-IDF =
0.722541). The proposed method was also able to help the

FIGURE 4. The overall accuracy of the logistic regression when it was
used with each of the three feature extraction methods.

TABLE 2. Performance of the logistic regression when used with each of
the three feature extraction methods.

logistic regression achieve better recall and better precision
than the other methods.

The t-test indicates that the difference in overall accuracy
scores between the proposed method and the two other meth-
ods is statistically significant. The t-test yielded a p-value
of 8.09 × 10−9 for the difference in overall accuracy scores
between the proposed method and the TFPOS-IDF method.
It also yielded a p-value of 1.49 × 10−7 for the difference
in overall accuracy scores between the proposed method and
the traditional TF-IDFmethod. Both values are less than 0.05;
therefore, the null hypothesis was rejected, and the research
hypothesis was accepted for both comparisons.

C. SUPPORT VECTOR MACHINE
A support vector machine was also tested with different
combinations of parameter values, and it performed the best
with the following settings:

• Regularization parameter (C) = 10
• Kernel type = ‘rbf’
• Kernel coefficient (gamma) = 0.1

The performance of the support vector machine classifier
was quite similar to the performance of the naive Bayes and
logistic regression classifiers (see Fig. 5). In addition, the sup-
port vector machine also performed the best when it was
combined with the proposed method. The proposed method
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FIGURE 5. The overall accuracy of the support vector machine when it
was used with each of the three feature extraction methods.

helped the support vector machine achieve an average accu-
racy of 0.777869 compared to 0.727869 for TFPOS-IDF and
0.734426 for traditional TF-IDF (see Table 3). The proposed
method also helped the support vector machine achieve better
recall and better precision than the other feature extraction
methods.

TABLE 3. Performance of the support vector machine when used with
each of the three feature extraction methods.

The t-test yielded a p-value of 1.05 × 10−7 for the differ-
ence in overall accuracy scores between the proposed method
and the TFPOS-IDF method. It also yielded a p-value of
1.64 × 10−6 for the difference in overall accuracy scores
between the proposed method and the traditional TF-IDF
method. Both values are less than 0.05, which indicates
that the difference in overall accuracy scores between the
proposed method and the two other methods is statistically
significant.

D. K-NEAREST NEIGHBOR
Similar to the logistic regression and support vector machine,
K-nearest neighbor was tested with different combinations of
parameter values. It performed the best with the following
settings:

• Number of neighbors = 10
• Leaf size = 1
• Power parameter (p) = 2

The performance of K-nearest neighbor was lower than
the performance of the three previous classifiers (see Fig. 6).
There was a slight decrease in the overall accuracy of the
proposed method, but the decrease in overall accuracy of
the other two feature extraction methods was comparatively
larger. Overall, the proposed methods outperformed the other
methods by a large margin. As seen in Table 4, the proposed
methodwas also helpful for the K-nearest neighbor to achieve
the highest precision and recall.

FIGURE 6. The overall accuracy of k-nearest neighbor when it was used
with each of the three feature extraction methods.

TABLE 4. Performance of the k-nearest neighbor when used with each of
the three feature extraction methods.

Again, a t-test was conducted to determine if the difference
in overall accuracy scores between the proposed method and
the TFPOS-IDF method was significant. The test yielded a
p-value of 1.27×10−10, indicating that there is a statistically
significant difference between the overall accuracy scores
achieved by the twomethods. The t-test also yielded a p-value
of 6.8 × 10−9 for the difference in overall accuracy scores
between the proposed method and the traditional TF-IDF
method. This indicates that the difference between the overall
accuracy scores achieved by the two methods is statistically
significant.

E. DECISION TREES
Decision trees performed the best with the following param-
eter values:
• Maximum depth of the tree = 65
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• Minimum number of samples required to split an inter-
nal node = 4

• Randomness of the estimator = 0
The performance of the decision tree classifier was the low-

est of all five classifiers (see Fig. 7). However, similar to the
other classifiers, the decision trees performed the best when
it was combined with the proposed method. The proposed
method helped the decision trees achieve an average accu-
racy of 0.597131 compared to 0.500863 for TFPOS-IDF and
0.508197 for traditional TF-IDF (see Table 5). The proposed
method was also the best in terms of recall and precision
compared to the other two methods. The complete results are
shown in Appendix E.

FIGURE 7. The overall accuracy of the decision trees when it was used
with each of the three feature extraction methods.

TABLE 5. Performance of the decision trees when used with each of the
three feature extraction methods.

The difference in overall accuracy scores between the
proposed method and the two other methods is statistically
significant. The t-test yielded a p-value of 1.33×10−7 for the
difference in overall accuracy scores between the proposed
method and the TFPOS-IDFmethod. It also yielded a p-value
of 1.50 × 10−8 for the difference in overall accuracy scores
between the proposed method and the traditional TF-IDF
method.

F. COMPARING THE PERFORMANCE OF THE FIVE
CLASSIFIERS
An ANOVA test was used to examine whether the difference
in performances between the five classifiers was statistically

significant. The focus was on comparing the performance of
the proposed method across the five classifiers as it achieved
the highest performance.

As seen in Table 6, the ANOVA test yielded a p-value less
than 0.05, which indicates that there is a significant difference
between the performances of the five classifiers.

TABLE 6. ANOVA test results.

The post hoc test shows that there is no significant dif-
ference in performance between naive Bayes and support
vector machines or between naive Bayes and logistic regres-
sion. Meanwhile, there is a statistically significant difference
between naive Bayes and k-nearest neighbors and between
naive Bayes and decision trees (see Table 7).

TABLE 7. Post Hoc bonferroni correction results.

VI. DISCUSSION
This study acknowledges the importance of automating the
process of classifying the cognitive levels of Arabic questions
according to Bloom’s taxonomy. As the first study to examine
this text classification task, it started by developing a dataset
of more than 600 questions. This is larger than the size of any
of the other datasets that have been used in previous studies
to classify English questions [17], [19], [41]. The dataset
includes questions from different academic disciplines. The
questions were of various lengths. Some of them start with
Bloom’s verbs, while others include interrogative words. The
aim was to adequately cover the space of possible inputs and
help the classifier generalize better, as recommended by [57].

Most importantly, the study introduces a modified TF-IDF
method to extract features from Arabic assessment ques-
tions. This method outperformed the traditional TF-IDF and
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a modified TF-IDF TFPOS-IDF that has been used with
English questions. A t-test has shown that the difference in
performance between the proposed method and the other
two methods is statistically significant. This agrees with
the findings of other studies [17], [37], [42], [44] that
while the traditional TF-IDF can be very useful for fea-
ture extraction, using it ‘as is’ might not yield the best
result. Careful consideration of the data being classified
and modification of the traditional TF-IDF accordingly
could have a significant positive impact on the quality of
classification.

The proposed method performed the best when it was
combined with the naive Bayes algorithm. However, the dif-
ference in performance between naive Bayes and support
vector machines and between naive Bayes and logistic regres-
sion was not found to be statistically significant. This agrees
with the findings of Al-Saqqa, et al. [58], Nabil, et al. [59],
El-Masri, et al. [60] and Nieuwenhuis and Wilkens [61],
which indicate that naive Bayes, support vector machine and
logistic regression can outperform other classifiers at classi-
fying short Arabic text.

In terms of complexity, the proposed method does not add
much to the computational complexity already encountered in
the traditional TF-IDF and TFPOS-IDF methods. It does not
require any additional parameters to be calculated. It uses the
same parameters that the traditional TF-IDF and TFPOS-IDF
methods use, i.e., the number of times a term appears in a
document and the total number of terms in that document.
Its computation includes only some additional divisions and
additions but does not need any iteration to be performed.
Thus, it can be said that the three feature extraction methods
that have been discussed in this paper do not differ in terms of
complexity, but our proposed method outperforms the other
two methods in terms of performance.

Overall, the contributions of this paper can be summarized
as follows:

1) It developed the first dataset for classifying Arabic
assessment questions according to Bloom’s Taxonomy.
This dataset would be publicly available for researchers
who want to further investigate the discussed classifi-
cation task.

2) It introduced a modified TF-IDF method to extract fea-
tures from Arabic assessment questions. The proposed
method has proven to be superior to the traditional
TF-IDF and TFPOS-IDF methods. As it has the unique
advantage of taking the nature of questions into consid-
eration, the proposed method can be extended to other
languages and has the potential to yield better results
with these languages.

3) It provided evidence that when extracting features from
a corpus, the nature of that corpus needs to be taken into
consideration, and the feature extractionmethod should
be modified accordingly. While a general method can
be used as-is and still produces a satisfactory result,
a modified method can yield superior results.

Although very valuable, this study still has some limi-
tations. The developed dataset contains only short answer
and essay questions. Other types of questions, such as
multiple-choice, problem-based, and true/false, were not
included. While this is the norm for similar datasets that have
been developed for English questions [17], [19], [41], [48],
the absence of such questions would limit the application of
the proposed method.

VII. CONCLUSION
This study looked at automating the process of classi-
fying Arabic assessment questions according to
Bloom’s taxonomy. It developed a new dataset for this clas-
sification task. It also proposed a modified TF-IDF method
for extracting features from Arabic questions. The proposed
method outperformed the traditional TF-IDF as well as a
modified one called TFPOS-IDF that was used for classifying
English questions. The overall accuracy, precision, and recall
scored by the proposedmethod were significantly higher than
those scored by the other two methods. This indicates the
promising potential of this method.

This study has opened up new research areas for further
improvements and future work. The work presented in this
paper could be extended in different ways:

1) By including additional types of questions in the train-
ing dataset, i.e., multiple-choice, problem-based, and
true/false questions. This will widen the applicability
of the proposed work.

2) By combining the proposed method with a word
embedding method. This combination of methods
would be able to extract more features from questions,
i.e., semantic features. This could yield better results,
as has been shown in previous studies.

3) Most importantly, more recent methods, such as
extreme learning machines (ELMs) or long short-term
memory (LSTM) with autoencoders, can be used to
compare the performances and prove the performance
of our fault diagnosis.

APPENDIX A
See Table 8.

APPENDIX B
See Table 9.

APPENDIX C
See Table 10.

APPENDIX D
See Table 11.

APPENDIX E
See Table 12.
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TABLE 8. Performance of naïve Bayes when used with each of the three feature extraction methods.

TABLE 9. Performance of logistic regression when used with each of the three feature extraction methods.
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TABLE 10. Performance of support vector machine when used with each of the three feature extraction methods.

TABLE 11. Performance of k-nearest neighbor when used with each of the three feature extraction methods.
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TABLE 12. Performance of decision trees when used with each of the three feature extraction methods.
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