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Abstract

Programming helps school students develop problem-solving, critical thinking, and logical reasoning skills. It
also helps students develop skills at multiple levels of Bloom's taxonomy, including remembering,
understanding, applying, analyzing, evaluating, and creating. Several programming tools have been developed
to teach coding concepts to school students of different age groups. However, these tools are not well integrated
into the Palestinian curriculum due to the inefficient teaching methods in programming. Programming activities
focus only on remembering and understanding basic concepts. Therefore, this research focused on studying the
importance of applying online programming tools on school students' application and analytical levels, and
examining students' perception towards integrating online programming tools in the educational curriculum. A
pre/ post experimental design was carried out on 84 children aged 14 years old in four schools in Palestine. The
results revealed that 41.16% of students had an increase in their application and analytical levels. The results
also revealed that students agreed on integrating online programming tools in schools and that programming

helped them improve their problem-solving skills.
Keywords: Computer programming; children; application level; analysis level; Bloom's taxonomy.
1. Introduction

Learning how to program is an important skill for children in both developing and developed countries [1,2]. It
helps them understand how computers work and enables them to create and modify their own software and
websites. There are many resources available for children to learn programming, including online courses,
textbooks, and online programming tools [3,4]. Many of these resources are designed specifically for school
students and use fun, interactive methods to teach programming concepts. In developed countries, programming
education is more widely available and is often taught in schools as part of the standard curriculum [3]. Many
schools offer after-school coding clubs or have dedicated computer science classes [5]. In developing countries,

access to programming education is more limited due to a lack of resources and infrastructure [6].
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Overall, basic programming is an important skill for school students to learn, regardless of where they live. It
helps them develop critical thinking and problem-solving skills and prepares them for a future in which
technology will play a central role. School students could achieve a high level of cognitive thinking in the form

of computational thinking and imagination [7-9].

Cogpnitive thinking is explained and measured through Bloom's taxonomy, which categorizes learning objectives

into six levels [10]:

e Remembering: recalling previously learned information.

e Understanding: comprehending the meaning of the material.

e Applying: using the information in a new context.

e Analyzing: breaking down the material into parts and understanding their relationships.
e Evaluating: making judgments about the value or quality of the material.

e Creating: using the information to generate something new or original.

According to Bloom's taxonomy, teaching basic programming addresses several levels of the taxonomy, but
mostly the analysis level [11, 12]. Usually, programmers analyze the problem by breaking it into sub-problems
with valid relationships between them [13]. Then, solving each sub-problem gradually can be applied to
Bloom's hierarchy from the analysis level to the knowledge level [14]. Higher levels of Bloom's taxonomy such

as synthesis and evaluation levels can be achieved in advanced programming [14].

In Palestine, basic programming courses are taught to children in schools starting in 5th grade using several
programming online tools such as App-Inventor, embedded programming (Arduino Uno), and Visual Basic
[15]. However, programming at schools is taught in a conventional way. Activities focus only on remembering
and understanding basic concepts, such as what a variable is or how to use a loop. No activities focus on
Bloom's application, analysis, evaluation, and creation levels. Students do not design and build their own

programs or use programming to solve real-world problems.

This paper aims to examine the importance of improving programming courses at schools to integrate online
programming tools and address Bloom's application and analysis levels. The paper is organized as follows:
Section 2 presents the literature review which illustrates similar research and explains the importance of this
research. Section 3 explains the experiment carried out to answer the research question. Section 4 illustrates the

results and discussion. Finally, Section 5 concludes the paper with a summary of the results and future work.

2. Literature Review

Teaching programming is an effective way to engage students in higher-order thinking and problem-solving
activities, as it involves a range of skills that align with different levels of Bloom's taxonomy [16]. At the lower
levels of Bloom's taxonomy, programming can involve skills such as remembering and understanding the syntax
and structure of programming languages, as well as the concepts and principles underlying them. This involves
activities such as reviewing and practicing basic programming constructs, such as loops and control structures,

and learning about data types and variables. As students progress through the curriculum, they can engage in
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higher-level thinking skills such as analyzing and evaluating their code and the algorithms they are using. This
might involve debugging and troubleshooting their code, as well as identifying and correcting errors or bugs. At
the highest level of Bloom's taxonomy, programming can involve creating and designing new programs and
applications. This might involve synthesizing and integrating various programming concepts and techniques in

order to solve more complex problems, or developing new algorithms and approaches to solving problems [16].

There is a growing body of research that suggests that programming has a positive impact on children's
cognitive development. Studies have shown that programming improves problem-solving skills, critical
thinking, and logical reasoning abilities in children [17 - 20]. One study found that children who participated in
a programming course showed significant improvement in their problem-solving skills compared to a control
group [17]. The study included 66 high school students and the experiment studied the improvement in their
reasoning skills after participating in a certain programming course. Another study found that programming
activities can help children develop logical reasoning skills, as they must plan and execute steps in a specific
order to complete a task [18]. The study targeted 60 students in 11" and 12" grade to measure the effect of

computer programming on the various reasoning skills.

In developed countries, programming is often taught as a subject in schools, either as part of the regular
curriculum or as an elective. Many schools offer computer science or programming classes at the secondary or
post-secondary level. Some schools also offer extracurricular programming clubs or camps to provide additional

opportunities for students to learn programming [8].

In developing countries, the availability and quality of programming education may vary significantly. Some
schools may not offer programming classes at all, or the classes may not be up-to-date with current technologies
and practices. Additionally, there may be a lack of trained teachers or resources to support programming

education [6].

Overall, the research suggests that programming has a positive impact on children's cognitive development,
particularly in the areas of problem-solving, critical thinking, and logical reasoning. It also helps children
develop skills at multiple levels of Bloom's taxonomy. However, more research is needed to fully understand the
effect of integrating online programming tools on school students' cognitive development in developing
countries. This research aims to study the effect of online programming tools on students in Palestine as a case

of a developing country, and this analysis is believed to be the first in Palestine.
3. Methodology

Learning programming at Bloom’s application level helps school students develop problem-solving skills by
giving them the ability to write code to solve specific problems. They can learn to break down a problem into
smaller parts, think logically, and use their knowledge of programming concepts to create a solution. This can
be an important skill in many areas, including math, science, and even daily life. At the analysis level,
programming can help children develop critical thinking skills by encouraging them to break down complex

problems into smaller pieces and understand how the different parts work together. They can learn to analyze
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code, identify patterns and relationships, and debug problems. These skills can be useful in a variety of contexts,

including schoolwork, career development, and personal projects.

This section consists of the research question, experimental set-up, and participants.

3.1. Research question

This research aims to examine the effect of online programming tools on school students' application and

analysis levels.

3.2. Experimental Setup

A pre/ post experimental design was carried out in 2022 on students who voluntarily participated in a
programming competition called "Think like a Programmer". The competition is organized on a yearly basis in
Palestine to introduce students of different age groups and disciplines to programming. The competition is based
on the concept of Blockly online Programming tool [21] (see Figure 1), which promotes the idea of
programming, especially for those who have no coding background, including school students. The competition
challenges students to apply programming concepts using a set of predefined blocks. The blocks help students

apply programming concepts using drag and drop blocks.

The competition provided students with 11 programming problems developed by four experts and was
distributed as follows: four easy, three medium, two hard, and two advanced problems. The problems focused
on using a predefined set of blocks in Blockly to draw different geometric shapes. For example, students are
asked to draw a square similar to a predefined square (in location, width, size and rotation). Blockly has no
"draw a square" instruction, therefore, the student needs to find a starting point, the length of the square, and

then the sequence of instructions required to draw the square.

Prior to the competition, students were provided with a comprehensive tutorial to ensure that they understand
how to use Blockly. The experiment took place at the schools' computer laboratories. Each student has a
dedicated computer to participate in the competition for two hours and the environment was very quiet to ensure

that the students have high concentration.
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cout << endl ;

exit ( [EXIT_SUCCESS );

Figure 1: Example of Blockly programming.
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3.2.1. Assessment tests

Pre and post assessment tests which consist of five questions were used in the experiment. The question aimed
to examine the effect of online programming tools on students' application and analysis levels. The first question
aimed to assess students' imagination and their ability to explore alternative solutions and perspectives. The
question assessed students' ability to form a square from several parts and to understand the relationship
between the parts (see Figure. 2).

Figure 2: "Forming a square" question.

The second question in the assessment test asked students to solve the Rubik's cube. Rubik’s Cube incorporates
different levels of Bloom's Taxonomy into their learning [22]. It aimed to assess if students can practice
applying what they have learned by attempting to solve the Rubik's Cube on their own, and if they can analyze
the different patterns and algorithms they have learned to determine which ones work best for them. The
question also aimed to assess if students could provide an "out of the box" solution such as; disassembling and

then reassembling the cube correctly, or solving the cube by applying conventional rule-based steps.

The third question (see Figure 3) focused on following a pattern using parallel thinking. Parallel thinking
addresses the application and analysis levels of Bloom's Taxonomy as it involves breaking a problem down into
smaller, more manageable pieces, working on them simultaneously, and applying and analyzing the information

and skills students have learned to solve the problem.
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Figure 3: “Continue the pattern" question.

The fourth question focused on using personality and self-reflection in conjunction with the application and
analysis levels in Bloom's Taxonomy. It assessed how students' unique characteristics and experiences can
inform their approach to solving problems and understanding concepts, and apply and analyze the knowledge
and skills they have learned to come up with effective solutions. The question asked students to select a shape
that represents them and to state the reason for choosing the shape (see Figure 4). This question examined if
students changed their chosen shape after participating in the competition, as students were provided with a set

of complicated geometry shapes which they were asked to draw using Blockly blocks (see Section 3.2).
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Changing the shape to a more complex one reflects the students' perspective toward complex shapes formed in
the competition.

) %

Figure 4: "Shape representation™ question.

The fifth question focused on a detail-oriented approach in conjunction with the application and analysis levels
in Bloom's Taxonomy. It aims to assess students' ability to pay close attention to the specific details of a task or
problem, and apply and analyze the knowledge and skills students have learned to come up with accurate and
efficient solutions. The question provided to students aimed to assess students' ability to analyze the question's
stem template. The question stem was: "I have 5 apples, and i take away 3. How many apples do i have?". The

trick in the question is using (1) and (i). The correct answer of the question is three.

Students' scores in the assessment tests were normalized to obtain a score out of 10 and were measured as

follows:

e Zerois given if the student changed their answer from correct to incorrect.
e One if the student did not change their incorrect answer from pre-test to the post-test.
e Two if the student changed their answer from incorrect to an answer close to the correct answer

e Three if the student answered the question correctly in the post-test.

3.2.2. Questionnaires

Two questionnaires were used. The pre questionnaire consisted of seven questions that collected students'
personal information, cities, background knowledge and opinions about programming. The post questionnaire
consisted of four questions. The questions examined if students enjoyed the competition and are willing to
participate in any upcoming competitions. It also examined if students agree on including online programming

tools in schools and if programming helped them improve their problem-solving skills.

3.3. Participants

In 2022, 84 school students aged 14 years old from four schools in Palestine volunteered to participate in this
study. Table 1 illustrates the schools, cities, gender, and the number of students from each school. 96.4% of
students learned at least one programming language such as; Visual Basic, or used one online programming tool
such as; drag and drop applications (Blockly, Scratch, and/ or App-inventor). A high percentage is expected, as

Visual Basic (a high-level language) is mandatory in the Palestinian educational curriculum.
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Table 1: List of Palestinian schools that participated in the experiment.

School City Gender Number of students
Rosary Sisters High School Jerusalem Females 27
Tala'e Al-Amal School Nablus Females 18
Islamic Secondary School Nablus Males 25
Qura'an Academic School Nablus Males 14

4. Results and discussion

This section presents the results which address the research question illustrated in Section 3.1.

4.1. Effects of programming on students' application and analytical levels

As mentioned in Section 3.2.1, students participated in the experiment were provided with pre/ post assessment
tests which consisted of five questions. Figure 5 shows that 35.7% of students had an increase in their
application and analytical levels, considering that 21.4% of students answered the question correctly in the post-
test, and 14.3% of students changed their answers from wrong in the pre-test to an answer close to right in the
post-test. On the other hand, 60.7% of students who wrongly answered the pre-test had no change in their

application and analysis levels.

Category
[ Wrong answer without change
[ Right answer
[] Wreng but changed
. From right to wrong

21.4%
00.7%

Figure 5: Students' answer to the first question.

Students had similar progress in the second question. Figure 6 shows that 32.1% of students had an increase in
their application and analytical levels. On the other hand, 39.3% provided a conventional answer and 28.6% did

not provide an answer.
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Category
No answer
B Traditional answer
[ ] Creativity in answering

39.3%

Figure 6: Students' answer to Rubik's cube question.

The pattern question was answered correctly by a higher percentage of students compared to the first and second
questions. Figure 7 shows that 82.1% of students had an increase in their application and analysis levels, since
75.0% answered the question correctly in the post-test, and 7.1% of students changed their answers from wrong
in the pre-test to an answer close to right in the post-test. On the other hand, 6.0% of students changed their
answers from right to wrong, and 11.9% of students did not change their answers.

Similar to previous questions the fourth question showed that 26.2% of students had an increase in their
application and analytical levels. The method used for analyzing this question was based on the reason students
provided for selecting the shape. If a student changed the selected shape with a reasonable justification, the

teachers considered it an increase in the application and analytical levels.

Caregory
[ Right Answer
[l From right to wrong
[] Wreng and didn't change
11.9% [ Wrong but changed

6.0%

Figure 7: "Continue the pattern™ question analysis.

The fifth question which focused on a detail-oriented approach also showed that 7.1% of students answered the
question correctly in the post-test and 22.6% changed their answers from wrong in the pre-test to an answer
close to right in the post-test. This indicates that 29.7% of students had an increase in their analytical cognitive
level (see Figure 8).

On average, 41.16% of students had an increase in their application and analytical levels based on pre-test and
post-test results.
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Category
[ wrong but changed
[l Wrong and haven't changed
[] From right to wrong
[ Right answer

Figure 8: Result analysis of detail-oriented question.

The increase/decrease of students' scores in the five questions between the pre-test and post-test had a total score
of 10. To study the effect of students' programming background knowledge on students' scores, the one-way
analysis of variance test (ANOVA) was used. Figure 9 shows that students' programming background

knowledge was categorized as follows:

e  Zero indicates no programming background knowledge

e One indicates that students have background knowledge in drag and drop programming tools.

e Two indicates that students have background knowledge in high-level programming languages.

e Three indicates that students have background knowledge in both high-level programming languages
and drag and drop programming tools.

6.5

6.0-

55-

5.0~

(/10)

45 4
4.0

35-

3.0 -

0 1 2 3
Background knowledge in programming

Figure 9: Scores of students with different background knowledge.

The results revealed that there is a significant difference between students' scores based on their background
knowledge (%CI=95%, F-Value =2.16, P-Value =0.02, degrees of freedom (DF) = 3). Figure 9 shows that
students who had background knowledge in high level programming and students who have background
knowledge in both high level languages and drag and drop programming tools had the highest increase in their

application and analysis levels.
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4.2. Students' opinions of programming

The results revealed that 91.7% of students enjoyed the experience and are willing to repeat the competition (see
Figure 10). In addition, the results revealed that 94.1% of students agreed on integrating online programming
tools in schools (see Figure 11), and 56.0% of students agreed that programming helped them improve their
problem solving skills (see Figure 12).

Category
[ Maybe
W Yes

91.7%
Figure 10: Would you participate in any upcoming competitions?

The results above indicate that students are willing to participate in programming competitions, and to attain
more knowledge in programming in general. In addition, the results showed that students agree that
programming helps them increase their motivation which consequently improves their learning productivity [23,
24].

Category
[ Remained agree
Il Changed negatively
[] changed positively
remained not sure

Figure 11: Do you agree on integrating online programming tools in schools?

Category
[ Maybe
W Yes
[] Ne

Figure 12: Does programming help you improve your problem solving skills?

10
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5. Conclusion

This research studied the effect of online programming tools on school students' application and analytical

levels. A pre/post experimental design was applied on 84 students at four schools in Palestine. The results

revealed that 41.16% of students had an increase in their application and analytical levels. The results also

revealed that students who had background knowledge in high level programming and students who have

background knowledge in both high level languages and drag and drop programming tools had the highest

increase in their application and analysis levels. The paper also showed that students agreed on including online

programming tools in schools and that programming helped them improve their problem- solving skills.

In the future, this research will be carried out across a wider range of students, and schools in Palestine. In

addition, programming hackathons will be organized across high schools in Palestine.
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