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Abstract: Schools have a responsibility to find ways to enable students to gain skills, such as sophisticated thinking, flexible
problem solving, and communication skills. Computational thinking skills have been shown to be valuable for gaining the
necessary skills to enter the 21st century workforce. STEM careers demand computational skills, but they are also necessary
for all higher order thinking and computer-supported problem-solving careers. In general, teachers have left the teaching of
computational skills to the technology or computer teachers at their schools. It has become apparent that all K-12 teachers
must become adept at programming and computational thinking, and also they should be equipped to teach these skills to
their students. The aim of this study was to identify current teacher knowledge of programming and computational thinking
and develop their understanding of how it should be used in K-12 classrooms.

The researcher gathered quantitative data through an online survey to discover the current state of knowledge about
computational thinking and its classroom use. Following the analysis of the data regarding teacher awareness,
understanding, and use of computational thinking in their classrooms, the researcher developed recommendations for
teacher education, including access to online materials to aid teachers in their use of computational thinking. Results
suggested teachers would benefit from online training videos that could be integrated into teacher in service activities to
instruct teachers in the use of coding and computational thinking in their science and math classroom instruction. Training
teachers in programming and computational thinking has the benefit of making learning programming easier and fun,
encourage teachers and students to learn programming, allow teachers to search and find other interesting programming
websites, teach students how to program and play with code, and help students to improve their problem solving and

thinking skills in a new and important way.
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Introduction

The concept of school success changes according to the skills needed in the 21st century. It is
important for students to achieve mastery of these skills in order to be ready for university and work. That
means students need to gain skills that allow them to keep up with the requirements of college and work
environments. There are many challenges facing 21st century teachers, but the addition of technology to
the classroom experience is the most influential factor.

It is obvious that technology plays an important role in helping students and schools achieve and
meet 21st century skills, and schools are becoming quite adept at integrating technology into classrooms

in order to help students gain these skills. This is not an easy challenge for schools and teachers to meet
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because it is difficult to find currently-available, effective curriculum and tools. Schools have a
responsibility to find ways that will enable students to gain skills, such as sophisticated thinking, flexible
problem solving, and communication skills. They need these skills to succeed in work and life in the
present day (Binkley et al., 2014).

All these 21st century skills are important, but this paper considers computational thinking
because it is an essential skill, important in developing other higher-order thinking skills. Also, this paper
will suggest that teachers must be trained to help their students acquire and practice computational
thinking skills.

Wing (2006) defines computational thinking as a way of “solving problems, designing systems,
and understanding human behavior by drawing on the concepts fundamental to computer science” (as
cited in Barr, Harrison & Conery, 2011). Computational thinking is considered to be a fundamental skill
because it is related to many aspects of 21st century skills, such as creativity, critical thinking, and problem
solving (Ananiadou & Claro, 2009; Binkley et al., 2012, as cited in Lye & Koh, 2014, p. 52). Mishra and
Yadav (2013) mention that computational thinking requires problem solving since this kind of thinking
uses different strategies such as algorithms, abstraction and debugging. In addition, computational
thinking can be applied in many disciplines.

According to Wing, students of all ages need to develop computational thinking skills because
they need analytical ability in reading, writing, and arithmetic. "Thinking computationally or like a
computer scientist can help students better articulate and comprehend other disciplines” (Kafai, Burke &
Resnick, 2014, p. 6). When students learn computational thinking, they will develop and enhance many
aspects of thinking skills, which help students to solve and address problems in an innovative way. They
can apply the concept of computational thinking in many areas. For this reason, computational thinking
can be considered a foundational and primary skill that all students need to learn (Einhorn, 2012; Mishra
& Yadav, 2013).

According to Lye and Koh (2014), teaching programming to K-12 students is an effective way to
teach computational thinking skills because programming utilizes all the components of computational
thinking and the knowledge gained. Programming helps students to gain the experience of tackling
programming challenges, which can provide a framework not only for computer science, but it also covers
other fields from natural and health sciences to the social sciences and humanities (Einhorn, 2012). In fact,
programming enables students to use computer science concepts, including abstraction, debugging,
remixing, and iteration to solve problems. This way of thinking is considered a fundamental skill for K-12
students because they have to be "thinking at multiple abstractions” (Lye and Koh, 2014). As Steve Jobs
said, “Everyone should learn to program a computer ... because it teaches you how to think” (as cited in
Kafai, Burke & Resnick, 2014, p.125). Integrating programming into K-12 classes is a powerful tool to

improve students' computational thinking.
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Research Materials

There has been a great deal of research seeking to explain the concept of computational thinking.
This review will focus on computational thinking in education, especially as it applies to K-12 schools.
Wing (2006) wrote an influential article on computational thinking in which she argued that adding this
skill to every child’s analytical ability was an essential addition to science, technology, engineering, and
mathematics (STEM) learning (Grover & Pea, 2013). A report on computational thinking by the National
Research Council (NRC) seems to agree that computational thinking is considered a cognitive skill which
the “average person is expected to possess” (Yadav, Zhou, Mayfield, Hambrusch & Korb, 2011, p.1).

Computational thinking requires using digital computers to enhance problem solving and
thought processes. It helps to enhance, facilitate, and expand the realm of thinking, logic, and
mathematics. Scientists and researchers in different fields such as biology, chemistry, physics, medicine,
and others, actually need to use digital computers for “mathematical modeling” to develop the frontiers of
knowledge. Thus, it is clear that our “knowledge-based” world requires all of us to realize how to utilize
computational thinking in everyday activities in order to increase productivity in the workplace (Sanford &
Naidu, 2016).

Furthermore, computational thinking leads to the use of scientific methodologies, and improves
both inventiveness and innovative thinking. It is a core skill in mathematics, engineering, technology, and
science. This way of thinking is the starting point to generate enormous changes and benefits in these
fields (Einhorn, 2012). Similarly, Hemmendinger (2010) points out that the goal of teaching computation
thinking “is to teach them how to think like an economist, a physicist, an artist, and to understand how to
use computation to solve their problems, to create, and to discover new questions that can fruitfully be
explored” (as cited Yadav, Zhou, Mayfield, Hambrusch & Korb, 2014, p.2).

In the current labor market, jobs require solving unstructured problems, communication, and
non-routine manual work. Under these circumstances, young people have to be prepared to adapt. Two
main types of tasks that depend on uniquely human abilities are (1) integrating many types of information
to solve unstructured problems and (2) acquiring, making sense of, and communicating information to
others. That means computational thinking is a key skill in the realm of solving problems, interpreting and
understanding data, and communicating information with others by computers (Lee, Martin & Apone,
2014). Moreover, there are many attitudes or dispositions that are the result of computational thinking

skills, such as:
® Confidence in dealing with complexity.
® Persistence in working with difficult problems.
® Tolerance for ambiguity.

® The ability to deal with open-ended problems.
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® The ability to communicate and work with others to achieve a common goal or solution (Barr,
Harrison & Conery, 2011, p.21).

According to Angeli et al. (2016), “computational thinking is a thought process that utilizes five
skills: abstraction, generalization, decomposition, algorithmic thinking, and debugging" (p.49). Angeli and
associates also provide a computational thinking curriculum framework that shows indicators of
efficiency for all of the beforementioned five computational thinking skills, in a progression from simple to
complex across the educational levels of K-2, 3-4, and 5-6.

The goal of this framework is to engage students in thinking and problem solving by suggesting a
solution to a problem, automating the solution through algorithmic thinking, and generalizing this
solution to new problems when common patterns are determined ( Angeli et al., 2016). The positive sign
of integrating computational thinking into classrooms is that students have considerable capability to
comprehend computing concepts, which are considered as the main components of teaching
computational thinking in other disciplines ( Lewandowski et al., 2007, as cited in Yadav et al, 2014).

The study by Lewandowski and his colleagues (2007) emphasized that students from different
backgrounds used analytical and problem-solving skills to solve a concurrency task in a beginning CS1
class (that is the first course in the introductory sequence of a computer science major, and typically
focuses on problem-solving techniques and computer programming). The researchers found that 69
percent of the answers were correct, which meant students from different backgrounds area were already
able to understand basic concepts to solve computing problems (as cited in Yadav et al, 2014). This proves
that integrating computational thinking can effectively start in K-12 education and can teach students
how to utilize the computational thinking skills.

The obvious question is what way can technology be integrated into K-12 education in order to
improve computational thinking for students? The useful way to learn computational thinking is
programming. In fact, programming is considered as the broader and more multifaceted process, so it can
be seen as a tool for developing all CT aspects (Mannila et al, 2014). In addition, many studies suggest that
making programming a more common skill for all, and introducing algorithms ('rithm) as the fourth "r"
(the Three Rs are: reading, writing, and arithmetic) for 21st-century literacy (Grover & Pea, 2013).

However, "in order to make it possible to use programming as a tool for addressing all CT
capabilities, there needs to be some common ground and consensus with regard to what programming is
and how it should be introduced at different levels taking into account the age of the students” (Mannila
et al, 2014, p.17). Students are more comfortable learning programming through visual presentations
such as diagrams, videos, and animation. Furthermore, when students use drag and drop programming
applications (blockly coding), they develop higher order thinking skills. Many programming platforms

have evolved in terms of blockly coding such as Scratch, Alice, Blockly, and Kodu. Code.org is one of
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blockly coding online platforms used to teach student programming by using a visual programming
language (Kalelioglu, 2015).

The first step in integrating computational thinking in teaching is to prepare K-12 teachers to
present computational thinking ideas in explicit ways. There are many suggestions about how to do this.
One suggestion is that "students could learn about computational thinking by observing teachers as they
model related thinking strategies and guide students to use these strategies independently” (Yadav et al.,
2014, p.3). However, generally, the efforts to educate teachers about computational thinking focus on
computer science teachers. For example, Blum and Cortina held workshops to introduce computational
thinking to high school computer science teachers. These workshops were aimed to raise teachers’
awareness and provide materials that they could use to show students that computer science was more
than just programming. As a result, these workshops illustrated teachers” improved understanding of
computational thinking and increased awareness of the importance of computational thinking in all
aspects of life (2007, as cited in Yadav et al, 2014).

However, to achieve the purpose of integrating computational thinking, all teachers, and not just
computer science teachers, have to become involved in the process. One way to reach this goal is to begin
at the preservice teacher level and introduce computational thinking concepts in teacher preparation
programs. Preparing preservice teachers in computational thinking concepts might allow them to see the
relevance of computational thinking in their own disciplines (Yadav et al, 2014). The key for successful
incorporation of computational thinking into the K-12 curriculum is to prepare future teachers to teach it
(Yadav etal., 2011).

For example, Israel and his colleagues (2015) did a study that aims to investigate how elementary
school teachers with limited computer science experience in a high-need school integrated computational
thinking into their instruction. The study began with a week-long summer workshop in which twenty of
the teachers in the school volunteered to participate. During this workshop, they were introduced to the
basics of computing and computational thinking, introduced to modeling of computing tools, and were
given time to practice using these computing tools. The next workshop, during the winter break, included
additional professional development and allowed the teachers time to work on integrating computing into
their instruction.

It becomes apparent from looking at the literature that teacher education on programming skills is

one of the key components to integrating computational thinking into K-12 education.

Problem Statement
It is clear that computational thinking involves many 21st century skills and capabilities. Schools
are searching for ways to integrate computational thinking into their curriculum in order to help their

students gain computational thinking skills. Many schools find that integrating programming is an
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effective way to improve computational thinking, especially because there are now many online free
sources such as Code.org, Scratch, and Cargo-Bot, all available for classroom use.

Teachers who have been previously trained in teaching methods do not generally have the
necessary skills to integrate programming into their K-12 classrooms as a tool for teaching computational
skills. Additionally, textbooks that are more than five or ten years old generally do not include
programming concepts, and teachers find it difficult to gain programming skills for their own use as well
as for the use of their students.

The problem becomes one of finding ways to train teachers in the use of programming and show
teachers how to teach programming in a fun and easy way. Unless they have been trained in

programming, most teachers do not know what they are missing.

Methods

The methodology used in this study was two-fold. The first was to discover the current state of
knowledge about computational thinking and how it could be used in the classroom. The researcher
created a needs analysis based on quantitative data gathered in an online survey. The online survey has
many advantages because it can access a group of people in different areas and save time and cost. Google
Forms was used to create the online survey. (Google Forms provides a free survey with unlimited
respondents.) A random sample of K-12 teachers, administrators, and technologists in Saudi Arabia and
the United States was created. In order to capture the sample, the survey was distributed by a link to 100
teachers, and 78 forms were received with completed responses. The sample includes 60 percent K-12
teachers, 23.75 percent K-12 administrators, and 16.25 percent K-12 technologists. The sample covers all
K-12 levels: 38.5 percent Primary, 39.7 percent Middle, and 21.6 percent Secondary. The survey was
analyzed and results propelled the next phase of the study.

The second methodology analyzed teacher awareness, understanding, and use of computational
thinking in their classrooms. Following the analysis, a protocol was developed to provide suggestions and
recommendations for teacher education for both preservice teachers and K-12 educators. Classroom and
in service education materials were developed and recommendations were made to schools and
university educators to aid in the development and understanding of computational thinking among
educators. The major recommendation was to provide access to online materials to aid teachers in their
use of computational thinking. A website, the Hour of Code, and set of online lesson plans helped teachers
obtain the skills necessary to integrate computational skills into their classroom teaching. The website
included videos about computational thinking and what it means for 21st century education, what the
benefits of integrating computational thinking into classrooms are and it gave some examples of tools that
could be used for both teaching and learning. Additionally, the website provided a list of tools and

resources about computational thinking that teachers could use as a reference. The information is free and
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available online at code.org for any schools or teachers who are interested in teaching computational
thinking for students. The videos and website provided a content that meets the teachers’ needs to

improve ways of integrating computational thinking into teaching.

Results
Based on the information gathered from the random sample, the following table shows teachers’

level of knowledge about computational thinking as it was relayed through the surveys.

Table 1: Teachers' Level of Computational Thinking Knowledge

Knowledgeable

What is Computational

Thinking?

53.3% 24% 18.6% 4%

How Computational
Thinking connects to what
55.5% 29.7% 9.7% 5.5%
you are already doing in
your classroom?
Which concepts in your
curriculum lend
themselves to being
59.7% 23.6% 11.1% 5.5%
taught using
Computational Thinking
tools and approaches?
Which concepts in your
curriculum would benefit
from being taught using 56.9% 25% 11.1% 6.9%
Computational Thinking
tools and approaches?

As can be seen from the table, more than fifty percent of the sample did not have any knowledge
about computational thinking nor any understanding about how to integrate computational thinking into
their classrooms. Additionally, surveys indicated that most teachers did not have any experience with
computer programming.

When asked about integrating computational thinking into K-12 classrooms, fifty percent of

teachers responded “do not know.” The teachers were offered basic options such as promote problem-

solving skills and critical thinking in the classrooms and utilize computers and technology in the
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classroom, but, as can be seen from the following chart, they still communicated that they did not know
what to do.

Integrating computational thinking in the K-12 classroom

How can computational thinking be integrated into the K-12 classroom?

M Promot problem-solving skills and critical thinking in the classroom
M Utilizing computers and technology in the classroom M Don't Know M Other

It became obvious to the researcher that there was a distinct need for K-12 teacher training in
computational thinking and computational thinking skills. Therefore, recommendations were made to
schools that comprehensive training should be developed to help teachers integrate programming into
their classrooms.

The surveys indicated that teachers could benefit from online training videos on a website. The
website could be created and available for any school seeking to improve its students’ computational
thinking. The main purpose of this website is to introduce teachers to the benefits of teaching
programming and how to encourage their students to learn programming. Training would also aim to
encourage schools to allocate one to two hours per week for students to practice programming. That will
helps students to develop computational thinking, which would directly enhances other thinking skills
used in curriculums, such as Math and Science.

In addition, teachers will be taught how to use the "Hour of Code" website in order to teach
students programming. The Hour of Code is a website that is organized by code.org, which helps students

to learn how to program with online tutorials that are available for all ages in over 45 languages.
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According to Kalelioglu (2015), “code.org presents the opportunity for students to learn computer science
through drag and drop programming. The site is structured as a game, and consists of self-directed
tutorials, posters and video lectures by famous people such as Bill Gates and Mark Zuckerberg as a way to
help inspire students to look at computer sciences” ( p.202). The most significant feature of the website is
that it is an effective, easy, and fun way to teach programming. In the creation of such a training program,
three videos would be developed for teachers. One would provide an introduction and general ideas
regarding the concept of computational thinking. The other two videos would be tutorials designed to

show teachers how to use the Hour of Code website.

Discussion

Computational thinking is considered one of the essential skills for students in the present day.
Computational thinking helps students to master many subjects such as math, technology, and science.
STEM (Science, technology, engineering and mathematics) are the disciplines deemed most necessary for
the 21st century, and requires a systemic change that includes teacher engagement, student education,
and the development of significant resources. So, schools must do their utmost in order to develop
students’ computational thinking skills, and teachers play the mostimportant role in this process.

Results of the study showed that teachers are ill-prepared to utilize computational thinking into
their classrooms. First, teacher education need to develop curriculum that will teach programming and
computational thinking skills to pre-service educators. Additionally, school districts can and should
develop materials that will educate teachers already in service in programming and computational
thinking. From the results of this paper's needs analysis, a large percentage of teachers do not know what
computational thinking means, nor do they understand how to integrate computational thinking into their
teaching. In addition, teachers need to know and understand what tools they can use to teach
computational thinking.

Yadav et al.(2014) suggested that the way to provide teachers with the necessary skills is to begin
at the preservice teacher level and introduce concepts in teacher education programs. This presupposes, of
course, that technology will be available for preservice teachers as well as practicing educators.
Fundamental data organization methods taught in these classes can help preservice teachers understand
how computational thinking works and remind them of how they use computational thinking in their
own lives. The second step addresses applications for teaching and learning, including abstraction,
reasoning skills, and patterns in data. In pedagogy and curriculum classwork, preservice teachers can gain
practice in designing lesson plans that utilize computational thinking in their content.

For practicing educators, particularly for those who have taught several years without technology,
the training will need to be conducted through in service activities. A school district might work in

conjunction with computer science educators, science, and social science educators to create a series of
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workshops that would help practicing educators understand the value of computational thinking in their
classrooms. An introduction through the Hour of Code website, as an example, would definitely help
create in educators a deeper understanding of coding and computational thinking.

Training teachers in programming and computational thinking will have the benefit of making
learning programming easier and fun, encourage teachers and students to learn programming, allow
teachers to search and find other interesting programming websites, teach students how to program and
play with code, and help students to improve their problem solving and thinking skills in a new and

important way.

Conclusion and Recommendations

The aim of the current study was to make educators aware of the necessity of incorporating
computational thinking into the pedagogy of elementary and secondary education. To that end, a survey
was developed to assess the current knowledge among educators of programming and computational
thinking. One hundred surveys were sent out, and 78 were submitted. It was discovered that most
currently practicing educators had little understanding of programming or computational thinking, and
most had no knowledge of how to implement computational thinking into their curriculum. To aid
teachers in their development, in service materials were developed to encourage teachers to create
curriculum that would help their students understand and utilize computational thinking.

Schools have a responsibility to find ways to enable students to gain skills, such as sophisticated
thinking, flexible problem solving, and communication skills. Computational thinking skills have been
shown to be valuable for gaining the necessary skills to enter the 21st century workforce. STEM careers
demand computational skills, but they are also necessary for all higher order thinking and computer-
supported problem-solving careers.

The survey conducted for this study indicated that K-12 teachers are generally ill-equipped to
understand higher-order computational skills, let alone teach them to their students. They have usually
left the teaching of computational skills to the technology or computer teachers at their schools. However,
trends in STEM education, as well as social studies indicate that code and computational thinking have
become essential components of K-12 education. It is now essential for K-12 teachers to become adept at
programming and computational thinking and also be able to teach these skills to their students.

The results of the study brought forth several suggestions for further training for educators to
learn how to adopt computational thinking methods into their classrooms. It was suggested that training
sessions, and perhaps training videos, could be developed for school districts and regional educational
services to help teachers understand computational thinking and why and how they adapt classroom
curriculum and pedagogy. It is recommended that basic programming should be taught through self-

learning, school-developed training sessions, and in-service education. Every entity should design their
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own program to meet the growing need for computational thinking. The Hour of Code website is just one

example of the type of training that could be offered to K-12 teachers.

Twenty-first century students will spend much of their time utilizing technology in their education

and in their careers. It is essential that teachers are prepared to meet those needs and create the

understandings necessary to produce a competent future workforce.
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