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ABSTRACT 

O’Neal, Renee E., Computer Programing/Coding, Robotics and Literacy: A Qualitative 
Content Analysis.  Doctorate in Reading (Literacy), September 2019, Sam Houston State 
University, Huntsville, Texas. 
 

The purpose of this study was to determine if any theories emerged when 

examining the steps of learning to code/program on the computer and the developmental 

stages of learning to read and write.  This was a Qualitative Content Analysis, Grounded 

Theory study.  The three data sources included scholarly journals, various coding 

standards required by states in the United States, and websites that teach individuals how 

to code/program.  Three cycles of coding were completed with each data source and the 

process was repeated with the outcome results from the three data sources inclusively. 

The theories that emerged proved that there are similar skills that develop as a 

student is learning to code/program and learning to read and write.  Those skills include 

sequencing, inferencing, problem solving, computational thinking and communication 

skills.  The implications for this study will lead to more research in the field of 

coding/programming and the movement to include it in state required standards. 

KEY WORDS: Coding, Programming, Reading, Writing, K-12th grades, Grounded 

Theory, Qualitative Content Analysis. 
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CHAPTER I 

Introduction 

“Literacy is a lot of things.  Its metaphors never tell the whole story, but by allowing us 

to take a particular angle into literacy, they show us glimpses of the ways 

communications happen in a society.” 

Sylvia Scribner (1984, p. 6) 

Background 

Our current society has become dependent on the use of technology.  According 

to the STEM Occupations: Past, Present and Future Spotlight (2017) published by the 

United States Bureau of labor statistics, employment in science, technology, engineering, 

and mathematics (STEM) occupations grew by 10.5% or 817,260 jobs between 2009 and 

2015, compared with slightly more than five percent net growth in non-STEM 

occupations (Fayer, Lacey, & Watson, 2017).  Employment in computer occupations 

approached 3.2 million in May 2009 and nearly 3.9 million in May 2015 (Fayer, Lacey, 

& Watson, 2017).  The group of occupational computer job openings is projected to yield 

over 1 million job openings from 2014 to 2024.  Additionally, between May 2009 and 

May 2015, states in the United States that added the largest number of STEM jobs 

included California (160,950), Texas (102, 190), New York (42,980), and Michigan 

(41,100) (Fayer, Lacey, & Watson, 2017).  Computer programming/coding has 

increasingly become a job of the future, and students should be exposed to learning how 

to program prior to entering college level studies. 

Computer coding uses a variety of terms interchangeably including coding, 

computing, scripting, programming, and/or computational thinking.  Across the globe, 
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many countries are now requiring educators to teach coding beginning in the elementary 

grades.  

England began requiring coding starting in kindergarten in the school year 2014-

2015 (Furber, 2012).  As part of its new digital technologies’ standard, Australia has 

included programming starting in second grade (ACARA, 2016).  By 2020, over a dozen 

European countries will require that computing will be a compulsory part of the 

curriculum (Engelhardt & Balanskat, 2015).  Countries with more decentralized 

education systems such as Spain (Valverde-Berrocoso, Fernandez-Sanchez, & Garrido-

Arroy, 2015), Germany (Deckler & Ifenthaler, 2017), and the United States (CS4RI, 

2016; Riberiro, 2013; Smith, 2015) are trending as well in requiring teachers to include 

learning to code in the state standards.  Gardiner (2014), reported research from Estonia 

where first graders were learning how to code and create their own computer games.  In 

2008, Pete Lomas, Managing Director of Norcott Technologies and David Braben the co-

author of the seminal BBC micro game Elite formed the Raspberry Pi Foundation 

(raspberrypi.org, 2009).  It was through this collaboration that the team created the 

mission to allow students to be taught how to make a computer “do something” instead of 

using the computer as a reward activity after they finish their regular curriculum work 

(raspberrypi.org, 2009).  

Digitalization, identified as a major way to increase productivity in the public 

sector job market is needed in order to stay relevant in the innovative programming jobs 

of the future (Tuomi, Multisilta, Saarikoski & Suominen, 2018).  According to experts in 

the field of programming and coding, digital literacy is an essential component of a 

modern-day education (Gardiner, 2014; Lohr, 2015).  Coding, programming, 
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computational thinking involves learning to think, represent, and solve problems that 

require a computation of human cognitive power, and computing capacity (Computer 

Science Telecommunications Board [CSTB], 2010; Kafai & Burke, 2014; Lye & Koh, 

2014; Sengupta, Kinnebrew, Basu, Biswas, & Clark, 2013).  

During the 1990s teachers, school administrators, parents, and community 

members began recognizing technology as a progressive educational tool that was a 

necessity in American education and the competitive global marketplaces of the 21st 

century.  In 1965, President Johnson signed the Elementary and Secondary Education 

Act, a civil rights act that provided education funding to states and attempted to ensure 

that every student had access to an education (McLaughlin, 1974; Selfe, 1999). 

The Clinton administration established the Goals 2000: Educate America Act HR 

1804 (1994), as a response to the public’s increasing dissatisfaction with the education 

system.  The Goals 2000 Act included expectations for each state to set forth an agenda 

to: (a) develop comprehensive strategies for helping all students reach challenging 

academic standards, (b) revise and upgrade both curriculum and assessments, (c) improve 

teaching, (d) strengthen the instructional accountability, and, (e) expand technology 

efforts in educational settings.  In 2002, Congress passed the No Child Left Behind Act 

(NCLB, 2001) as a reauthorization of the Elementary and Secondary Education Act of 

1965.  President Bush signed the NCLB into law in January 2002.  In terms of 

technology, NCLB required the improvement of student achievement in elementary and 

secondary schools through integration initiatives, building access, accessibility, and 

parental involvement.  Additionally, the NCLB Act emphasized the integration of 

technology for principals, teachers, and other school staff, including training for 
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implementation for all instructional staff.  The NCLB Act goals for Enhancing Education 

through Technology Part D included the following: 

1. To improve student academic achievement through the use of technology in  

elementary and secondary schools. 

2. To assist every student in crossing the digital divide by ensuring that every 

student is technologically literate by the time the student finishes eighth grade, 

regardless of the student’s race, ethnicity, gender, family income, geographic 

location, or disability. 

3. To encourage the effective integration of technology resources and systems 

with teacher training and curriculum development to establish research-based 

instructional methods that can be implemented as best practices by state and 

local agencies.  

During the Obama administration, Every Student Succeeds Act (2015) was 

mandated leaving educators frustrated by the overabundance of testing and assessments 

that were part of the No Child Left Behind Act (2001).  President Obama stated that the 

NCLB Act did not consider the individual needs of each community and resulted in a 

cookie cutter type of education: one size fits all.  The primary goal of technology within 

the NCLB Act was to improve the student academic achievement through the use of 

technology in elementary and secondary schools (www.2.ed.gov).  In addition, NCLB 

strived to assist districts with allowing every student to have access to technology with 

the goal of every student being technologically literate by the time the student finished 

the eighth grade, regardless of the student's race, ethnicity, gender, family income, 

geographic location, or disability (NCLB, 2001).  Another expectation of NCLB was to 

http://www.2.ed.gov/
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encourage the effective integration of technology resources and systems to establish 

research-based instructional methods that can be widely implemented as best practices by 

State educational agencies and local educational agencies, as well as teacher training and 

curriculum development (NCLB, 2001). 

Every Student Succeeds Act (ESSA), enacted in December 2015 governed K-12 

public education in the United States.  The law replaced its predecessor, the NCLB Act, 

and modified, but did not eliminate, provisions relating to the periodic standardized tests 

administered to students.  Like NCLB, ESSA is a reauthorization of the Elementary and 

Secondary Education Act of 1965, which established the federal government's expanded 

role in public education.  

The ESSA leaves significantly more control to the states and districts in 

determining the standards students must meet.  States are required however, to submit 

their goals and standards to the United States Department of Education (DOE).  The DOE 

submits feedback which all of the states must take into consideration.  After revising, 

each state returns the updated documents, and the DOE approves them.  According to 

ESSA accountability measures, the DOE still holds states accountable by ensuring they 

are implementing complete and ambitious, yet feasible goals.   

With the implementation of ESSA, for the first time, American school districts 

faced the requirement to teach all students to high academic standards that will directly 

prepare them for success in college and career choices. (ESSA, 2015).  ESSA accelerated 

the movement of Universal Design for Learning (understood.org).  Universal Design for 

Learning (UDL) is an expectation of ESSA which incorporates offering information to 

students in more than one format, for example, through technology avenues.  In offering 

https://en.wikipedia.org/wiki/Elementary_and_Secondary_Education_Act
https://en.wikipedia.org/wiki/Elementary_and_Secondary_Education_Act
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students more access to content through technology, UDL allows students who learn in 

different modalities to access more of the curriculum.  The incorporation of UDL as 

required by ESSA, gives students more than one way to interact with learning material 

and presenting what they have learned through technology.  Assistive technology devices 

and access for students with special needs is also a critical compliance component of 

ESSA (ESSA, 2015). 

When President Trump took office, he promised to make education a priority and 

to support education endeavors.  The five major themes in President Trump’s 2018 

Budget are as follows: (a) expanding school choice, ensuring more children have 

equitable opportunities to receive quality education; (b) maintaining strong support for 

the Nation’s most vulnerable students; (c) simplifying funding for postsecondary 

education; (d) continuing to build evidence around educational innovation; (e) 

eliminating or reducing DOE programs consistent with the limited Federal role in  

education. (President Trumps’ FY 2018 Budget, 2018) (p. 1) 

 …Betsy DeVos, the Secretary of Education under President Trump’s 

administration, and the United States Department of Education developed a Strategic 

Plan for Fiscal years 2018-2022 to implement the changes required by ESSA.  College 

and career readiness standards, innovated ways of learning, and school choice for 

learning environments are three key elements of ESSA.  Specifically, strategic objective 

1.3 which is to prepare all students for successful transition into college and careers by 

supporting multiple options to expand access to high-quality science, technology, 

engineering, and mathematics (STEM), (United States Strategic plan for Fiscal years 

2018-2020).  In addition, strategic objective 2.2, requires partnerships with high demand 
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industries to expose students to skills necessary to provide seamless pathways to high 

demand jobs in computer coding/programming, and other STEM fields (United States 

Strategic plan for Fiscal years 2018-2020). 

With the congressional and presidential authorization of the Goals 2000 Act in 

1994, the NCLB Act of 2001, and the ESSA of 2015, technology was mandated to be an 

important curriculum component.  In recent legislation technology, computer science, 

coding, robotics, and engineering curriculum have been incorporated into state 

expectations for school districts.  The definition of what it means to be literate in society 

has evolved over time in response to the technological advances. 

Statement of the Problem 

Over the past 20 years, the term “being literate” has evolved.  Many new literacies 

have emerged, specifically digital literacies.  Historically, literacy was synonymous with 

being a successful, productive citizen (Smith, 2002).  Skills that are considered literacies 

and reflect a well-rounded, educated individual in society include: (a) health literacy, (b) 

financial literacy, (c) cultural literacy, (d) visual literacy, (e) technological literacy, and 

(f) the original definition of literacy, the ability to read and write (Smith, 2002).  To be 

successful in the present-day economic society, individuals should extend that literacy 

knowledge to computer programming and coding.  

What is considered literacy can proliferate real changes in skills required of 

students, workers, and everyday citizens, as well as changes in perceptions of what is to 

be considered a productive worker or citizen.  According to recent literature, the skill of 

coding is becoming more and more a part of literacy.  Terms such as non-coder or non-
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programmer have begun to emerge, and software is being created for “coding for the non-

coder” or “installation for the non-coder” (Vee, 2013, 2017). 

Originally, literacy began as a religious virtue, a way for individuals to connect 

directly with God (Smith, 2002).  As the government began to sponsor education in the 

19th century, literacy became a civic rather than a religious virtue (Smith, 2002).  During 

the World War II era, computers were initially being developed and the demands on 

soldiers, nations and citizens began to be more complex, and the technologies through 

which literacy impacted began to figure into literacy’s valuation (Papert, 1993).  At this 

point in the history of our society, reading, writing, and programming literacy began to 

emerge as skills to learn in order to be a productive citizen. (Vee, 2017). 

Through compulsory schooling, which promoted literacy, the Industrial 

Revolution in 19th century Europe and the United States became the economic, and social 

order.  Moving into the 20th century, education was available to the masses.  The 

inability to achieve literacy was seen as an individual failure and indicative of other 

character weaknesses. 

Information processing for war time supported literacy initiatives in the United 

States and also led to research in computation.  As computer technology and 

programming developed during World War II, the rhetoric for programming as a new 

literacy began to develop.  The first effort to teach programming came from Kemeny and 

Kurtz’s National Science Foundation Grant (1974), funded by the drive to teach 

programming to all Dartmouth undergrads in the early 1960s.  Kemeny and Kurtz argued 

that future leaders needed programming to understand modern systems of communication 

(1974).  Forsythe (1959) of Stanford University Mathematics Department wrote: 



9 

 

…we think every undergraduate mathematics student should know how to code 

some machine fairly well. (I would also include all undergraduate students, for I feel that 

the computer revolution will have such a great impact on all of our lives that ever college  

graduate should understand it ultimately.  Possibly it will eventually be taught in the 

ninth grade for the same reason).  Since coding presupposes no mathematics beyond 

arithmetic, it can be taught to freshman.  I recommend a two-hour-per-week semester 

course in coding, to be taken as early as possible (Forsythe, 1959). 

Another early advocate of including coding and computers in school was Alan 

Perlis. Perlis in 1960 directed the computation center at Carnegie Tech.  His research was 

focused primarily on developing programming language and introducing programming 

coursework.  At “The Use of Computers in Engineering Classroom Instruction,” 

conference in 1960, Perlis commented that computers were tools of formal reasoning and 

should be available to all students upon entering the university.  At a 1961 MIT 

conference titled, “Computers and the World of the Future,” Perlis reiterated this vision.   

Purpose of the Research Project  

The primary purpose of this study was to determine the theories that emerged 

between the topics of learning to code and learning to read and write.  The secondary 

purpose of this research project was to illuminate the literacy of computer coding, and the 

impact of learning to code on reading and writing skills.  Educators and programmers 

have previously made the connection between programming and literacy.  The theories 

that shaped and continue to shape coding literacy were also researched.  I discovered 

theories of how learning to code aligned with the stages of learning to read and write.  

There have been many previous studies on how learning to code can improve science, 
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computer science, and STEM related skills and interests in students (Bertran, 2016; 

Fayer, Lacey, & Watson, 2017; Glister, 1997; McDonald, 2016).  There is a gap in the 

research connecting coding literacy to reading and writing literacy.  According to Vee, 

(2017) to lack the knowledge of something considered literacy, is to be illiterate.  

Computer code is layered within the technology of writing and structures much of our 

modern-day communications, including word processing, e-mail, the Internet, social 

network platforms, digital video production, and mobile phone technology.  The terms 

coding and programming will be used interchangeably throughout this study. 

Programming and writing have a complicated association.  Programming is 

considered a form of writing because symbols are used to create a message to read.  

Although programming is more than writing, it is a planned sequence of symbols that 

will be read, executed, or run, by the computer (DiSessa, 2001; Haas, 2009; Holdstein & 

Selfe, 1990; Vee, 2017). 

The purpose and focus of studying coding in the elementary school was to 

determine the impact that learning to code can have on literacy skills, specifically 

developmental reading and writing skills.  New media literacies are the social-cultural 

skills necessary for navigating our current world.  No longer is information only 

conveyed by lines on paper that make up words, we also receive information through 

images, sounds, and multimedia representations.  In the 21st century, children need to be 

fluent in reading, understanding, and communicating with different forms of multimedia. 

Section 9.3 of the United States Government’s National Broadband Plan (Federal 

Communications Commission, 2010) stated that no universal definition of digital literacy 

exists because the definition continues to evolve.  Technology, and how we use 
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technology, is evolving daily.  In schools today, the phrase “computer-aided instruction” 

means making the computer help teach the child.  In Papert’s (1993) vision, the child 

programs the computer and, in doing so, both acquires a sense of mastery over a piece of 

the most modern and powerful technology and establishes an intimate contact with some 

of the deepest ideas from science, mathematics, and the art of intellectual model building.  

Programming a computer means nothing more than communicating to it in a language 

that it and the human user can both understand.  Almost all children learn to talk, why 

should a child not learn to talk to a computer and make a computer “do” what the child 

programs it to do (American Library Association [ALA], 2000; Jenkins, 2008; Papert, 

1993; Thoman & Jolls, 2004). 

The Problem and Questions 

Within our surroundings, we encounter digital technologies daily.  Some of the 

typical technology experiences we encounter each day include: (a) electronic paper towel 

holders, (b) cell phones, (c) GPS devices, (d) electronic cars, gasoline pumps, and (e) 

credit/debit card machines.  In the late 1970s, Apple Computer introduced the Apple II, 

which was a Central Processing Unit (CPU) that included a 4kb standard memory and 

customers used their televisions as monitors (Apple Technology Company, 1976).  At 

that time, there were approximately 200,000 personal computers in the world.  Today, 

over 200,000 personal computers are manufactured in a single week, playing a central 

role in our personal and professional lives, and in educational environments. 

 Papert (1993) was among the first to see that a massive change was needed in the 

education system, particularly in math and science.  He was also one of the first to 

recognize that technology in the classroom was not a singular solution that would solve 
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all of education’s problems, real or perceived. Papert (1993) further stated that 

technology in education is effective only if placed in a larger context that combines well-

prepared teachers with an integrated curriculum.  Papert (1993) also recognized the 

potential for a computer to fundamentally transform the way people think, work, learn, 

and communicate. 

The group of entrepreneurs who created Apple Computer acknowledged the 

intuitive ability of children between the ages of one and three to absorb information in 

massive amounts that is unequaled at any other time in their lives (Apple Technology 

Company, 1976).  Also, this group believed that a child can learn two languages without 

confusing the two.  John Scully, Chairman and CEO of Apple Computer, Inc. proports 

that the thoughtful introduction of information technology into a social system can 

fundamentally transform the way intelligence is developed and the manner in which 

people live their lives.  According to Papert, it is rare that an exceptional event leads 

people to reorganize their intellectual self-image in such a way as to open up new 

perspectives on what is learnable (1993). 

Within this study, I examined three data sources: scholarly articles, coding 

standards which included state and national scope and sequence guides, and websites that 

allow students to learn to code.  The questions that I sought to answer in this study were: 

1. What theory emerged that connected learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerged from the two? 
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Definition of Terms 

Coding- The act of informing the hard drive of a computer with the language that 

will create the actions within a computer’s hard drive that you are desiring to implement. 

Digital literacy-All digital literacies have in common the aspect of computer 

programming. 

Computational thinking- Critical thinking involves problem analysis and 

decomposition, algorithmic thinking, algorithmic expression, abstraction and modeling. 

Literacy- Literacy means to attach that skill with the moral weight and 

importance of reading and writing. 

Programming languages- Programming languages are a formal language that 

specifies a set of instructions that can be used to produce various kinds of 

output. Programming languages can be used to create programs that implement specific 

algorithms within a computer. 

Computer science- Computer science is the study of computers. 

Robotics in education- A curriculum that allows students to learn how to build 

and program their own robot. 

Digital technologies- This is the branch of scientific knowledge that deals with 

the creation and practical use of digital or computerized devices, methods, and systems. 

Stages of reading development. According to Chall (1976), the five stages of 

reading development are: 

Stage 0 (up to age 6) is a prereading stage that is characterized by children’s 

growth in knowledge and use of spoken language. 

Stage 1 (Grades 1-2), children learn the letters of the alphabet and the  
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correspondences between letters and the sounds that they represent.  

Stage 2 (Grades 2-3), children confirm what is learned in Stage 1 and learn to 

 apply the knowledge gained in Stage 1 to read words and stories. 

Stage 1 and 2 together, constitute a learning to read stage at the end of which  

children recognize most words automatically and read passages with ease and  

expression. 

Stage 3 (Phase A, Grades 4-6; Phase B, Grades 7-8 and/or 9), students begin to  

learn new knowledge, information, thoughts, and experiences by reading. 

Stage 4 (high school), students learn to deal with multiple viewpoints. What the  

students are reading incorporates more than one set of facts, competing theories, 

 and multiple interpretations. 

Stage 5 (age 18 and above), readers can read materials in the degree of detail and  

completeness that is needed to serve their purposes. 

Stages of writing development. According to Graves (1994), the five stages of 

writing development are 

Stage 1. Spelling 

Stage 2. Motor Aesthetic 

Stage 3. Conventions 

Stage 4. Topic information 

Stage 5. Revision. 
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Significance of the Problem and the Justification for Investigation 

Technology is everywhere in today’s society.  More and more companies are 

going paperless and conducting all business communications and transactions 

electronically.  By 2024, there will be approximately 4.4 million jobs available in the 

field of computers and information technologies (newamerica.org, 1999).  The first 

mention of integrating programming and coding into the school curriculum was inspired 

by Papert (1980) in his book, Mindstorms:  Children, Computers and Powerful ideas.  He 

argued that learning to code and program provided children with an opportunity to think 

about their own thinking.  At the time, the book was controversial, but it helped educators 

understand the importance of having computers in schools.  The theories that emerge 

from this study will contribute to the success of our future nation.  As coding becomes a 

necessary life skill/literacy, it is imperative that we provide all students with the ability to 

code.  And, if we can align teaching coding with the research that exists on learning to 

read and write, computer coding/programming will become a pedagogy that is easily 

accessible to the educators who, teach our children and a critical part of the standards that 

are taught in schools. 

Summary 

“We are on the verge of new technological revolutions that could improve, 

virtually, every aspect of our lives, create vast new wealth for American workers and 

families, and open up bold, new frontiers in science, medicine and communication.” 

-President Donald J. Trump, (2018) 

Coding, programming, and digital literacies are critical to the future of our 

country.  In order to make our children college and career ready, they must have 
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knowledge of digital literacies.  This chapter explains the purpose of this study which is 

to determine the theories that emerged between the topics of learning to code and 

learning to read and write.  In the next chapter, I provided the reader with a 

comprehensive, informative review of literature on coding literacy and its connection to 

learning to read and write. 
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CHAPTER II 

Review of Literature 

As technology and the ways that it impacts our world continues to develop, it is 

important to look at methods to change our school curriculums and prepare our students 

for future careers and productive citizenship.  The investigative topic of computer 

coding/programming and how it is synonymous with learning how to read and write is 

important. 

Looking at programming from the perspective of literacy and literacy from the 

prospective of programming, I make two central arguments: (1) programming shows us 

what literacy looks like in a moment of profound change; (2) the history and practices of 

reading and writing human languages can provide useful comparative contexts for 

contemporary programming. (Vee, 2017).  As educators, in order to stay current and 

relevant we must stay up to date with the most current research and effective teaching 

strategies to provide the best education program possible for the future leaders and 

citizens of our country. 

Throughout the research process for this literature review, I read to discover 

emerging theories from which learning to code and learning to read and write can 

intersect.  I searched for commonalities across the coding, and reading, and writing 

disciplines.  As a reader of this study, I presented the common theories that emerged from 

examining the processes for learning to code and learning to read and write.  I examined 

current state and national coding standards to determine if there was a correlation 

between the learning expectations for reading and writing literacy and coding as a 
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literacy.  As I researched databases, I included the following key words; reading, writing, 

coding, programming, and robotics. 

As presented in Chapter 1, being literate is often considered synonymous with 

being successful and productive in society.  Programming is considered a form of 

writing, because conceptually, programming consists of symbols inscribed on a surface 

and created to be read and executed by a computer.  When programming moved from 

physical wiring and direct representation of electro-mechanics to a system of symbolic 

representation, it became a form of writing.  Recent changes in programming language 

design, such as AppleScript, lend themselves towards words rather than numbers: 

language libraries, code comments, automatic memory management, and structured 

program organization which are all elements of programming language that enhance the 

legibility of code.  We now write in a language that computers can understand (Nofre, 

Priestley & Alberts, 2014).“Literacy reflects real knowledge requirements (its functional 

requirement), as well as the perception of what kind of knowledge is required to get 

around in society (rhetorical component)” (Vee, 2017, p. 5). 

Scribner (1984) describes literacy as three major metaphors.  The first is 

functional literacy, which refers to the minimum literacy deemed necessary for successful 

social and economic participation in society; the ability to read and write ideas and needs.  

The second metaphor from Scribner is literacy as power.  The power of literacy is 

revealed by the fact that education is designed and tends to promote the kinds of literacy 

possessed by higher echelons of society.  Thirdly, literacy is a state of grace that is 

simultaneously adaptive, socially empowering, and self-enhancing by allowing access to 

the world and its contents. 
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 Papert (1980), who studied under Piaget, designed the Logo programming 

language.  The intent was to scaffold students into learning complex logic, physics, and 

problem solving through programming.  Similar to others who are considered builders, 

children will appropriate to their surroundings and incorporate the models and metaphors 

suggested by their surrounding culture.  Society views literacy as a set of skills necessary 

to be productive and purposeful.  These skills include: (a) health literacy (the ability to 

obtain, read understand, and use healthcare information in order to make appropriate 

health decisions) , (b) financial literacy (the ability to manage your money, pay bills, and 

how to borrow and save money), (c) cultural literacy (the ability to function and 

understand fluently in a given culture), and (d) digital literacy (the ability to use and 

apply information and communication technologies).  To call something a literacy is to 

raise the stakes for acquiring that knowledge and conversely, to lack the knowledge of 

something considered a literacy is to be illiterate.  Literacy as a standalone term generally 

implies reading/textual literacy.  In our current world, computers are part of our 

infrastructure including communications, word processing, social networking, digital 

video production, and mobile phones.  A skill can be referred to as a literacy when it 

acquires the moral weight and importance of reading and writing in our society.  In 1994, 

Hamilton, Barton and Ivanic referred to illiteracy as a disease, a possible link to 

criminality, a drain on the economy, and a cause for joblessness and individuals being 

held back from reaching their full potential.  For example, accounting tasks that used to 

be manual with physical books, creating paper-based duplicate copy invoices are now 

being composed digitally using specialized software.  Similarly, writing a letter by hand 

to invite a new business partner to engage in a proposal might be accomplished by 
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sending an email with digital attachments with responsive data reports based on a specific 

industry.  The ability to manipulate the use of a computer, for work or personal use, is 

now a necessity of life. 

As a citizen of Brazil, Freire commissioned to head the country’s literacy 

campaign in the 1960s.  Freire believed education could be a political act that could not 

be separate from pedagogy.  While Freire is best known for his work on the pedagogy of 

the oppressed, he firmly taught that literacy was a tool of liberation.  He also professed 

that literacy was a road to help people learn and remake themselves.  Literacy provided 

power, intellectually and politically.  Freire developed his own method of literacy 

training to address the ever-growing need for educating the poor in Brazil.  Freire coined 

his literacy method as conscientization.  The process of conscientization referred to the 

act of when individuals, as knowing subjects, achieve a deepening awareness of the 

socio-cultural reality which surrounds them in life, and of their ability to transform that 

reality through action.  Literacy provides individuals access to jobs and a resource for 

living in everyday life (Bers, 2018; Freire, 2017). 

Reimagining the Role of Technology in Education  

If programming continues to be seen as a form of thinking and engaging the 

individual mind, and not as a form of participation and expression, then we will fail to 

benefit from learning and teaching code in today’s networked communities.  

Understanding the basics of coding allows us to understand how code underlies the 

interfaces, technologies, and systems that surround our daily lives.  The ability to code 

empowers people to have higher paying jobs in computer technology fields.  Reading 

code is as much about reading the world as it is about understanding, changing, and 
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continuing to advance the digital world in which we live.  According to Dewey, when 

children learn through exploring and their own doing, thoughts and ideas, critical 

thinking takes place (1938).  Dewey also suggests that students learn best by the use of 

what is current in their worlds.  Coding and programming are relevant skills that are now 

included as part of being literate.  By incorporating what is real and what is present, 

students become excited, interested, and motivated to learn (Kafai & Burke, 2014).  

Learning to code does not only impact the skill of making a computer do what 

you tell it to do.  Coding by nature integrates multiple interdisciplinary skills that are 

important for students to learn to be successful citizens.  Gee (2013) argued for well-

designed games that build literacy skills, create problem-solving spaces with feedback 

and clear outcomes that lead to real, deep, and consequential learning.  Many types of 

digital activities provide authentic and motivating contexts for developing specialized 

vocabulary that will be needed in the future.  Coding introduces students to the 

disciplinary literacies of computer engineering, game designers, graphic designers, and 

much more.  Interacting with coding apps allows students the opportunity to learn 

specialized language and exposes them to the types of reading and writing performed in 

professions involving computer programming of any kind.  According to the U. S. 

Bureau of Labor Statistics (BLS) biennial update of employment projections, over the 

next ten years, the demand for jobs that require the knowledge of coding will increase by 

17% from 2014 to 2024 (Fayer, Lacey & Watson, 2017).  Coding apps are designed to 

encourage the creation of digital content rather than just consume it.  The apps provide an 

avenue where students must think creatively, reason systematically, and work 

collaboratively to code. 
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In the Common Core State Standards (CCSS), which are implemented in the 

majority of the states in the United States, there are many standards that can be addressed 

through integrating coding into the curriculum.  The act of coding employs a wide range 

of English Language Arts standards, including the following anchor standards: (1) 

CCSS.ELA-LITERACY.CCRA.W.4: 

“Produce clear and coherent writing in which the development organization, and 

style are appropriate to task, purpose, and audience” (p.21) ; (2) CCSS.ELA-

LITERACY.CCRA.SL.1: “Prepare for and participate effectively in a range of 

conversations and collaborations with diverse partners, building others’ ideas and 

expressing their own clearly and persuasively” (p. 23); and (3) CCSS.ELA-

LITERACY.CCRA.L.6: “Acquire and use accurately a range of general academic and 

domain-specific words and phrases sufficient for reading, writing, speaking and listening 

at the college and career readiness level.” (p. 25). 

Learning to code also supports students’ understanding of if-then relationships, 

learning how to navigate informational text, and experiencing the importance of 

sequencing events correctly.  Most coding apps used by students are designed to require a 

visual programming language that connects code blocks together to create commands.  In 

order to initiate these commands, the student is required to navigate informational text 

that is presented as images and icons, written text, audio and video which requires users 

to learn domain-specific vocabulary.  Logic, reasoning, and problem solving to create or 

manipulate digital content through the use of computational thinking are also skills 

applied by students through coding apps. 
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Effects of Technology on Literacy Skills 

In our everyday lives, practically every aspect of our day is impacted by the 

ability, or inability to read and write.  Almost everyone looks at a computer screen each 

day, a mobile phone screen, and a thousand other devices that require reading of symbols 

and letters.  To order at a fast food restaurant, you must be able to read the menu; to 

deposit or withdraw money at a bank, you must know how to complete bank paperwork; 

to fill out paperwork at a doctor’s office in order for him to provide appropriate medical 

care, you must be able to complete the patient documents; to drive an automobile you 

must be able to read the road signs.  All of these skills require the ability to read and 

write.   

According to diSessa (2001), the bases for literacy are organized into intricately 

structured subsystems with particular rules of operation, basic symbol sets, patterns of 

combination, conventions and means of interpretation.  All of these subsystems have 

specific character, power and reach, and they also have limitations.  In thinking about 

those subsystems of language, computer technology offers a range of inscription forms, 

game interfaces, contemplative browsing, and simulations and calculations, to name a 

few.  Considering all of these forms and the probability of more to come, it is 

inconceivable that our current conception of literacy would not include technology. 

diSessa (2001) described literacy as a socially widespread patterned deployment 

of skills and capabilities in a context of material support to achieve valued intellectual 

ends.  The constant evolution of technology provides continuous development for how, 

when, and where we engage in reading and writing.  Consider the following digital 

literacy example: a certain kind of manual dexterity and hand-eye coordination became 
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relevant with the invention of the typewriter keyboard.  Prior to the invention of the 

computer mouse, the ability to type quickly and accurately was not valued or necessary 

because no need existed.  As typewriters have evolved into computer keyboards, the skill 

has only increased in necessity and can be found in school library curricula across the 

United States. 

Glister (1997) introduced and defined the term digital literacy.  Glister explained 

that digital literacy is an ability to apply information from a variety of digital sources.  He 

describes digital literacy as the ability to read, write, and interact with information from a 

variety of technologies.  In Glister’s 1997 book, Digital Literacy, he explained that to 

have digital literacy is to be able to acquire and master ideas from technologies, it is not 

just keystroking.  The concept of digital literacy is very broad, it incorporates specific 

skills and competencies and the ability to generalize those skills across various 

technology outlets (Bawden, 2001). 

Piaget (1977) described learning as the process of creating artifacts of personal 

and social relevance, connecting old knowledge to new knowledge, and interacting with 

others.  Connected learning explores how the computer should be thought of as a tool for 

knowledge transformation, personal expression, and social relevance so that it allows 

learners to create and connect with others.  The objects and images that we create in our 

minds do not exist in isolation from our real worlds and the communities that we 

experience every day.  Thus, learning is how we process and learn new skills by attaching 

the new to previous learning (Kafai & Burke, 2014). 

Similar to Piaget, Papert (1993) saw learning as building knowledge structures but 

he added another dimension.  The images of the mind have to move into the real world 
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where they can be examined, shared and valued by others.  This added dimension is a 

predictor of the vast and distributed networks of digital objects and communities that 

comprise the internet.  When children learn to write code, they learn to articulate 

procedures, recognize repetition, and debug their own thinking when a program does not 

run as expected.  Learners can carry connected experiences, ideas and theories with them 

that are connected to personal experience.  Papert (1993) described knowledge as the 

deliberate part of learning (that) consists of making connections between mental entities 

that already exist; new mental entities seem to come into existence in more subtle ways 

that escape conscious control…This suggests a strategy to facilitate learning by 

improving the connectivity in the learning environment, by actions on cultures rather than 

on individuals (p. 7). Thus, elementary children can learn programming and the act of 

coding can give them an instrument to develop and master skills in various required 

subject areas. 

Clements (1999) visualized the future of educational computing research through 

the case of computer coding.  He examined how computer programming can be infused 

into multidisciplinary subjects including mathematics, problem solving, higher order 

thinking, language arts, creativity, and social-emotional development (Clements, 1999).  

For this research, I focused on the language arts skills that Clements identified as having 

an impact on language skills (1999).  In Clements’ study, he determined that learning to 

program can increase a student’s language skills (Lehrer & deBernard, 1987), readiness 

skills, visual discrimination, visual motor skills, visual memory (Reimer, 1985), and an 

increase in first graders scores on assessments of visual motor development, language, 

and listening comprehension (Robinson, Gilley, & Uhlig, 1988; Robinson & Uhlig, 
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1988).  Learning to code, particularly in the Lego language, has been shown to increase 

reading skills, language mechanics, and reading comprehension (Studyvin & Moninger, 

1986). 

Educational theorists argue that gaming on the computer has created a new kind 

of literacy (Gee, 2003).  In 2009, Owston, Wideman, Sinitskaya Ronda, and Brown 

purported that gaming combines significant elements that are also associated with reading 

and writing including accessing and evaluating information, constructing complex 

narratives, decision-making, and navigating digital environments.  Also, in 2009, Turner 

& Katic completed a study on how high school students’ writing processes were 

influenced by technology.  They determined that as more students used technology for 

their writing, the more their fluency increased and the more they developed writing tasks 

by using this new literacy of technology (Turner & Katic, 2009).  

Literacy and technology have been connected through various aspects.  For 

example, a 2008 study investigated the effects of commercial electronic books for young 

children on kindergarteners’ emergent literacy skills.  Shamir, Korat, and Barbi measured 

multiple emergent literacy skills including: (a) phonological awareness, (b) reading 

words from an e-book, (c) word recognition, (d) story comprehension, and (e) story 

production.  The results of the study suggested that the students who worked on e-book 

activities in a paired learning context saw larger gains in phonological awareness, 

emergent reading, and story comprehension over those who worked with it individually 

(Shamir, Korat, & Barbi, 2008). 
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Coding as a Literacy 

Coding literacy is specifically the ability to give a computer symbolic commands 

in a specific order to produce a product on and through the computer hard drive.  One of 

the co-founders of Code.org, Partovi, (2013) referenced that coding was the new 

‘American Dream’ and should be available to everybody, not just the lucky few.  The 

basic skills of reading and writing are undeniably required in order to master the skills 

required to code.  The sequential order and patterns of letters are an integral part of 

reading as well as developing code (Code.org, 2013). 

Advocates for computer technology have claimed that reading and writing code 

resembles textual literacy in many ways.  Being literate allows people to represent their 

ideas in texts and to interpret texts produced by others.  Reading and writing are 

technologies of textual literacy, while coding is a technology of computational literacy 

(Bers, 2018; Vee, 2013). 

When thinking of coding as a literacy, an individual must produce an artifact or 

product by engaging in a process of creation.  For us, coding is not a set of technical 

skills, but a new type of literacy and personal expression that is valuable for everyone, 

much like learning to write.  According to Resnick and Siegel, coding is a new way for 

people to organize, express, and share their ideas (2015).  An example would be Code 

Poetry, the phenomenon of intermixing notions of classical poetry and computer code.  

Through Code poetry, authors write poems in a programming language that are human 

readable as poetry.  Additionally, Resnick and Siegel (2015) relate how coding is taught 

to traditional language arts instruction, stating: 
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In many introductory coding activities, students are asked to program the 

movements of a virtual character navigating through a set of obstacles toward a goal.  

This approach can help students learn some basic coding concepts, but it doesn’t allow 

them to express themselves creatively—or develop a long-term engagement with coding.  

It’s like offering a writing class that teaches only grammar and punctuation without 

providing students a change to write their own stories. (Resnick & Siegel, 2015) 

Relationship between Coding and Learning to Read and Write 

Judson (2009) argued that technology literacy gains could lead to heightened 

subject matter confidence and reflect improved ability to use technology as an avenue for 

new learning and application of that learning to other subject areas.  The results of his 

study provided evidence of correlations between technology gains and literacy growth, 

using two theories to support the expectation that increased technology literacy leads to 

improved academic achievement.  The first, confidence theory, supports the idea that 

improved technology literacy leads to heightened self-confidence and, in turn, fosters 

improved academic achievement (Anderman, Anderman, & Griesinger, 1999; Bandura, 

1997).  The second, mediation theory, purports that improved technology literacy 

represents an increased ability to use technology tools as mediators of knowledge 

(Vygotsky, 1978). 

Pea and Kurland’s (1984) seminal study into the cognitive effects of learning 

computer programming explored the frequently transitioning learning atmosphere in 

which our children experience new hardware and software daily.  The researchers stated 

that they believe teaching students in a developmental approach to understand 

information technologies will be required in order to incorporate the new insights of 
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cognitive science.  This will contribute to future research and the design of computer-

based learning environments.  This developmental cognitive science discipline would 

merge theory and practice.  Feurzeig, Bolt & Newman (1981) argued that teaching 

programming can provide the basis for the art of logical and rigorous thinking. According 

to Feurzeig and associates, learning to program is expected to bring about seven general 

changes in thinking: 

1. Rigorous thinking, precise expression, the need to make assumptions; 

2. Comprehension of general concepts such as formal procedure, variable, 

function, and transformation; 

3. Greater facility with the art of “heuristics,” such as finding a related problem 

and solving the problem by decomposing it into parts; 

4. Constructing the notion that “debugging” of errors is a constructive activity; 

5. Identification of the concept that one can invent small procedures to gradually  

construct solutions to larger problems; 

6. Enhanced “self-consciousness and literacy about the process of problem 

solving”; 

7. Recognition that for areas beyond programming that there is rarely a single 

“best” way to do something; but respect different ways with respect to specific 

goals. 

Programming is not a unitary skill.  It is a complex skill that, like reading, is 

comprised of a combination of skills including memory and processing capacities, 

problem solving abilities such as comprehension, monitoring, inferencing, and hypothesis 

generation.  The acquisition of programming urges us to develop artificial intelligence 
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systems that “understand” natural language.  Advanced reading requires wide experience 

with different genres (e.g. narrative, essays, poetry, and debate).  There are also a variety 

of goals with reading, reading for content, reading for learning, and reading for voice and 

expression.  To know how to read, you must know how to decode, which is similar to 

learning the language and vocabulary of programming.  When thinking about reading as 

compared to programming, each context requires a specific set of skills, vocabulary, 

comprehension, and inferencing. 

Incorporating programming activities of increasing cognitive complexity in 

school curriculums will promote the transfer of new programming knowledge to problem 

solving activities in other domains.  Pea and Kurland (1984) described the three stages of 

programming skill development as: (a) Level 1, Program user; (b) Level 2, Code 

generator; (c) and Level 3, Program generator.  The stages of programming skill 

development are much like a beginning reader, a developmental reader, and a fluent 

reader.  According to Vee (2013), programming, like reading and writing, helps to 

develop social, technological, and cognitive skills.  Most conclusively, programming, like 

writing have a direct correlation and process in order to be applicable. 

Programming involves the act of writing code that tells the computer what to do.  

The programmer writes what is generally called the ‘source code’ and it is 

comprehensible to readers who understand the programming language.  The next step is 

for the source code to be complied or interpreted by an intermediary program that 

translates the human-readable language to the language the computer can process.  

Programming is a form of writing because it is a set of symbols inscribed on a surface 

and designed to be read.  Programming skills move beyond just writing, as the symbols 
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are not only designed to be read but also to be executed, or run, by the computer.  

Presently, programming language includes the use of words, language libraries, code 

comments, automatic memory management, structured program organization, and the 

development of programming environments to enhance the legibility of code. 

Specific to early childhood education, Kazakoff and Sullivan (2012) conducted a 

study on the effect of classroom-based intensive robotics and programming workshop on 

sequencing ability (2012).  This study was conducted during a 1-week robotics workshop 

at an early childhood STEM school in the Harlem area of New York City (Kazakoff & 

Sullivan, 2012).  The study found that there were significant increases in sequencing 

skills from pre-to-post tests. 

Along with the changing in our technology world, the meaning of literacy has also 

changed.  Children need to know much more than reading letters on a printed page, they 

also need to be fluent in understanding, and communicating with different forms of 

multimedia (American Library Association (ALA), 2000; Thoman & Jolls, 2004).  The 

hypothesis of this study was that some of the processes involved in programming robots, 

specifically sequencing of programming commands, are also linked to the skills 

necessary to write and tell a story in a logical order (Kazakoff & Sullivan, 2012).  The 

focus on robotics for this study involved utilizing robotics as a tool that can make abstract 

ideas more concrete because the students can directly and immediately see the effects of 

the programming steps in the actions of the robot (Kazakoff & Sullivan, 2012). 

As earlier works in the field of emergent computer programming research were 

reviewed, the field suggests that children who participate in computer programming 

typically score around 16 points higher on cognitive-ability tests than children who did 
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not participate (Liao & Bright, 1991).  Specific skills noted in Kindergarten students who 

used the Logo programming language included sustained attention skills, independent 

self-direction, and higher rates of inquisitive thinking (Clements, 1987).  More recent 

studies on innovative programming environments support the argument that children’s 

programming of animations, graphical models, games and robots allows them to learn 

and apply core computational thinking skills such as automation, analysis, 

decomposition, modularization, abstraction, and iterative design (Bers & Horn, 2010; 

Mioduser, Levy & Talis, 2009; Mioduser & Levy, 2010; Resnick, 2006; Resnick et al., 

2009). 

Coding Standards 

Included in this review are the computer science content standards for each 

age/grade level of students as dictated by state, local, and national initiatives and 

requirements.  This data has been gathered, monitored, and updated to track the latest 

computer science/programming expectations and legislation by state through the 

cooperation of code.org.  As of 2017, there has been an intense increase in interest 

amongst parents, teachers, school districts, and states to bring computer science and 

coding into our Kindergarten through 12th grade education system in the United States.  
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Table 1 

Computer Science in K-12 schools  

State Funding 
State 
plan 

Secondary school 
requirement 

Dedicated CS 
position Implementation 

K-12 CS 
certification 

Alabama X    X  
Arkansas X X X X  X 
Arizona X    X X 
California  X  X X X 
Colorado X    X  
Connecticut  X  X   
Delaware   X    
Florida   X X X X 
Georgia X   X X X 
Hawaii  X  X X  
Idaho X   X X X 
Illinois     X X 
Indiana   X X X  
Iowa X  X  X X 
Kentucky     X X 
Maine     X  
Maryland    X X X 
Massachusetts X X  X X X 
Michigan X X  X X X 
Mississippi      X 
New Hampshire  X  X X X 
New Jersey   X  X  
New York X X   X X 
Nevada X  X X X X 
North Carolina X    X X 
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Ohio     X X 
Oklahoma    X X X 
Pennsylvania     X  
Rhode Island X X   X  
South Carolina     X X 
Texas     X  
Tennessee      X 
Utah X X   X X 
Virginia X   X X X 
Washington X   X X X 
West Virginia   X  X X 
Wisconsin     X X 
Wyoming  X X   X 

*CS refers to Computer Science 
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In Table 1, six subcategories indicate the stage states are currently at in 

establishing computer science integration.  Almost all states have computer science 

standards developed, but only 16 provide funding for implementation.  Additionally, 27 

states have a computer science certification, but only 16 have a teacher whose only 

responsibility is to teach computer science and nine require computer science in 

secondary education to graduate from high school. 

Summary 

This chapter provided perspective on how programming entered our society and 

transformed the role of technology in education, technology affected literacy skills, and 

how the expectation for students to learn coding/programming entered our standards and 

curriculum spectrum.  In the past, technology was viewed as something that could be 

added to the general curriculum, now it is an integral part.  Not only do students need to 

learn to read and write as the traditional literacy, but students also need to learn coding 

literacy to be relevant in today’s job market. 

The next chapter provides a historical perspective of Grounded Theory and 

relevant methodology for conducting a Qualitative Content Analysis that explored the 

underlying issues related to learning to code and learning to read and write.  I sought to 

answer the following questions: 

1. What theory emerges connecting learning to code and coding literacy to the 

developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerge from the two? 



36 

 

The strands that run through the five categories described here in Chapter 2 were  

coded for data analysis in Chapter 4. 
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CHAPTER III 

Methodology 

An introduction to computer coding in elementary schools and related literature 

on robotics, literacy, and coding provided the foundation upon which the current project 

was framed.  Additionally, a familiarity with the relationship between these fields, 

reading comprehension, and writing helps further conceptualize the process of learning 

how to code.  

 The following chapter provides an overview of the methodology of Qualitative 

Content Analysis using a secondary lens of Grounded Theory to better understand the 

messages and emerging theories on the reading and writing skills found in computer 

coding. Teaching curriculum that incorporates computer coding in elementary schools 

and the literacy skills that are acquired during the implementation were examined to 

uncover theory that influences curriculum writers. The following question guided this 

research: 

What theory emerges that connects learning to code and coding literacy to the 

developmental stages of learning to read and write? 

This chapter includes the problem that was explored in this study and the 

questions that arose from the observations, analysis of existing literature, and themes in 

current research.  The alignment of literacy skills and the implementation of coding 

standards were the focus of this study.  A qualitative research approach provided an 

avenue to conduct a Qualitative Content Analysis through identifying categories and 

quantifying those categories.  The data sources included examination of journal articles, 

databases and websites, and state and local computer science standards.  
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Methodological Framework 

Qualitative Content Analysis. Qualitative Content Analysis is inductive and 

flows from a humanistic, not a positivistic tradition.  Qualitative Content Analysis was 

first used to examine hymns, newspaper and magazine articles, advertisements and 

political speeches of the 19th century (White & Marsh, 2006). As a research method, 

Qualitative Content Analysis can be used to make replicable and valid inferences from 

data to their context, with the purpose of providing knowledge, new insights, a 

representation of facts, and a practical guide for future action. Krippendorff (2004) 

defined Qualitative Content Analysis as “a research technique for making replicable and 

valid inferences from texts to the contexts of their use” (p. 8). The research is limited in 

the area of computer coding and the connection to literacy development, therefore I 

proceeded with an inductive approach (Harwood & Garry, 2003; Krippendorff, 2004).  

According to Krippendorff (2004), “a Qualitative Content Analysis is a search for 

multiple interpretations by considering diverse voices (readers), alternative perspectives 

(from different ideological positions), oppositional readings (critiques), or varied uses of 

the texts examined (by different groups)” (p.18).  Through this study, I examined and 

collected data on the contributions, or lack of contributions that learning to code could 

apply to literacy skills, specifically reading and writing.  Bengtsson (2016) stated that 

“qualitative research contributes to an understanding of the human condition in different 

contexts and of a perceived situation” (p. 8).   

Qualitative Content Analysis is a research method for analyzing, describing and 

interpreting texts (White & Marsh, 2006).  In this study the text consisted of journal 

articles, standards, and websites.  As I researched these text examples, I inductively read 
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for significant phrases, clusters of meaning, and statements.  A Qualitative Content 

Analysis can be described as a systematic approach to analyzing documents texts 

obtained in the course of research.  Content Analysis has its background in the study of 

mass communications in the 1950’s.  In the years following, researchers in many fields 

including anthropology, library and information studies, political science, psychology, 

and sociology have also applied the method of Content Analysis.  In Qualitative Content 

Analysis, the researcher reads and analyzes the text being researched to identify concepts, 

and patterns.  

An example of a Qualitative Content Analysis in the field of literacy, was 

conducted by Marshall (2004).  Marshall conducted a study examining the text in a 

selection of children’s literature by bringing attention to the sex-role stereotypes.  The 

researcher analyzed four variant versions of “The Little Red Riding Hood.”  The 

application of post structural feminist literary theory, through a text analysis, provided an 

avenue for the researcher to study the role of the female in various examples of “The 

Little Red Riding Hood” story.  

Another example of applying Qualitative Content Analysis to a literacy study was 

conducted by Moss (2008).  The purpose of her study was to compare the text genres in 

two state-adopted basal readers.  Text samples were categorized into four genres: 

narrative, poetry, play, or nonfiction. As part of the text analysis, the researchers in this 

study computed the percentages of pages and selections identified from each of the 

genres in order to determine the amount of nonfiction text included in each.  

 Methodological Lens: Grounded Theory. The secondary methodological lens 

used for this study was Grounded Theory.  Grounded Theory is defined by Glaser and 
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Strauss (1965) as the discovery of theory from data – systematically obtained and 

analyzed in social research. The key point in Grounded Theory is that the theory 

produced is grounded in the data. Grounded Theory was developed out of the need to 

generate new theories rather than force data into a few existing theories and the idea that 

qualitative and quantitative data are both useful (Urquhart, 2013). The rationale behind 

selecting Grounded Theory as a secondary lens was to complement Qualitative Content 

Analysis and allow for determination of the core variables in the data collection stage.  

Once the core variables were determined, recurring variables were extracted to analyze 

and summarize the findings. The core variable was allowed to emerge from the 

developing theory of systematic collection of data during this study. The Grounded 

Theory methodology is predominantly inductive, and I discerned what was directly 

related to the core variable.  My goal was to generate emerging theory from the data that 

explained as much as possible, the elements related to connecting learning to code, and 

coding literacy to the developmental stages of learning to read and write (Urquhart, 

2013). 

While studying death and dying, Glaser and Strauss (1965) refocused qualitative 

inquiry on methods in analysis.  During the early 1960s, Glaser and Strauss (1965) 

observed how dying occurred in a variety of hospital settings in the United States.  They 

looked at how and when professionals and their terminal patients became aware that they 

were dying and how they handled the diagnosis. While they constructed their analysis of 

dying, Glaser and Strauss (1965) developed methodological strategies.  In addition, 

Glaser and Strauss (1965) advocated developing theories from research grounded in 

qualitative data instead of deducing testable hypotheses from existing theories.  The two 
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researchers proposed that systematic qualitative analysis could generate theory (Glaser & 

Strauss, 1965).  Referring to the development of Grounded Theory, Glaser (1998) stated, 

“A methodology was needed that could get through and beyond conjecture and 

preconception to exactly the underlying processes of what is going on so that 

professionals and laymen alike could intervene with confidence to help resolve the 

participants’ main concern surrounding learning, pain and profit” (p.5). 

Many have applied a Grounded Theory lens in educational settings. Webster and 

Son (2015) used semi-structured interviews, a survey questionnaire, and classroom 

observations to discover that the use of technology in the classroom exacerbates 

preexisting pedagogical and infrastructure issues, leading to inconsistencies in 

representation and application.  Also, the authors revealed that utilizing technology in the 

classroom ceased because of the limitation of potential use by teachers. In another 

Grounded Theory study, the integration of an iPad app that focused on letter recognition 

in 6-7-year-old students incorporated a treatment group and control group (D’Agostino, 

Rodgers, Harmey, & Brownfield, 2015).  The study also included a qualitative element 

examining teachers’ perceptions of learning letter identification through the app.  The 

study produced positive effects of the iPad app on the progress of students learning their 

letters. In addition, teachers noted a contradiction between their beliefs about literacy 

teaching, and learning and the app. 

In a Grounded Theory study conducted in a Swedish school, Sward (2012) 

focused on upper level students re-learning to read and write in a forced individual 

program.  To gather qualitative data, Sward (2012) used research interviews, 

observations, questionnaires, video recording, and analyses in the tradition of Grounded 



42 

 

Theory to discover that the teachers, who instructed in this forced reading and writing 

program for underperforming students, strived systematically to ensure every student’s 

reading and writing development through didactic arranging; this means constant 

interaction with the individual student.  Sward (2012) reported that the teachers in the 

study believed that all students could re-learn reading and writing, which helped the 

students believe in their (ability to re learn) re-learning and also to increase their self-

esteem and self-confidence. 

The secondary methodology lens of Grounded Theory was selected to uncover 

emerging theories, rather than forcing the data into an existing theory.  The key idea is 

that the theory produced was grounded in the data and revealed insight into social 

relationships and behaviors.  I discarded all previous theoretical ideas in order to let the 

theory evolve and emerge (Christiansen, 2007; Urquhart, 2013).   

Research Questions 

The following research questions were answered while applying the steps of 

Qualitative Content Analysis and determining the theories that emerged from the data. 

1. What theory emerges that connects learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerge from the two?   

Theoretical Framework 

Computer coding, robotics, and educational technology is based on Papert’s 

theory of constructionism (1980), includes discovery learning, collaborative learning, 
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problem solving, project-based learning, competition based learning, and compulsory 

learning. These approaches follow the ideas of constructionism introduced by Papert 

(1980) and constructivism derived from Piaget’s work (as cited in Papert, 1980). In his 

Theory of Cognitive Learning, Piaget argued that people produce knowledge and form 

meaning based upon their experiences. This theory covered learning theories, teaching 

methods, and education reform. Two of the key components that create the construction 

of an individual's new knowledge are accommodation and assimilation. Constructionism 

as an educational theory is student-centered and emphasizes discovery learning, during 

which students are encouraged to work with tangible objects in the real world and use 

what they already know to gain more knowledge. The point is to make the process of 

thinking and learning visible and to allow for a more process-oriented engagement with 

an idea via construction and deconstruction. Under constructionism, teachers take a 

backseat role as facilitators of student learning instead of giving lectures or step-by-step 

instruction (Altin & Pedaste, 2013; Foreman & Kuschner, 1983; Papert, 1980). I studied 

the role of learning to code and how that skill can impact literacy skills in kindergarten 

through twelfth grade students, including learning to read and write through the lens of 

Seymour Papert’s Constructionism Theory.   

Data Analysis Procedures: A Structure for Qualitative Content Analysis to Uncover 

Emerging Grounded Theory 

Qualitative Content Analysis procedures. According to Neuendorf (2017), the 

design of a Qualitative Content Analysis follows the standards of the scientific method.  

Neuendorf (2017) suggested clearly defined steps in the Qualitative Content Analysis 

process.  The following steps were implemented in this study: 
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1. Objectivity as well as intersubjectivity was established.  I conducted a 

Qualitative Content Analysis through a secondary Grounded Theory lens, the 

question that I continuously asked during this study was: What theory or 

theories do I see developing from the literature examined on coding and 

literacy?  The thoughts and assumptions regarding this subject were put aside.  

2. A search of databases was conducted to include the topics of coding, literacy, 

reading, writing, computer science, developmental stages of reading and 

writing, the developmental stages of learning to code, and all variations of 

these topics.  Once I found saturation, the data was examined. 

3. I reviewed articles to discover significant statements.  

4. Coding and themes were discovered in alignment with the three sources while 

being reviewed. 

5. A determination of theories that emerged from the data were cross examined 

for reliability and validity. 

6. Through the discovery of the theories that evolved from examining coding 

and the connection to the developmental stages of learning to read according 

to Chall (1976), and the developmental stages of learning to write according 

to Graves (1994), I established generalizability and replicability. 

My first step in this Qualitative Content Analysis was to formulate research 

questions.  Those questions were replaced by open-ended questions that guided my 

research and influenced the data that was gathered.  In this qualitative study, I read, 

analyzed, and interpreted the data for concepts and patterns. As a result of this process, 
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some patterns and concepts emerged that were not previously indicated, nevertheless, 

they were important concepts to consider in the theory development (Neuendorf, 2017).   

Theoretical sampling was the next step in the Qualitative Content Analysis 

process.  This particular sampling process consisted of data collection for generating 

theory whereby I jointly collected, coded, and analyzed my data and decided what data to 

collect next and where to find them, in order to develop the theory as it emerged.  The 

process of data collection was guided and controlled by the emerging theory (Glaser & 

Strauss, 1965).   

When implementing Qualitative Content Analysis as a research method, I 

systematically and objectively analyzed a sampling of the written, verbal, and visual 

communications produced within the last 10 years on literacy, computer coding, and 

robotics instruction in the kindergarten through twelfth grade school setting.  

Data analysis procedures using Grounded Theory as a lens. A Grounded 

Theory study goes beyond conjecture and preconception to the underlying processes of 

the phenomena being studied. The rationale behind selecting Grounded Theory as a 

secondary lens for this study was to delimit the study to the primary concern and focus on 

the influence that developmental reading and writing skills have on coding literacy skills. 

As a secondary lens, Grounded Theory allowed the data to emerge from the three 

selected data sources. Also, delimitation will prevent preconceived ideas to mask what 

actually occurred in the field of coding and traditional literacy, and instead allowed 

patterns to emerge from the data. Grounded Theory methods consist of systematic 

guidelines that ebb and flow throughout the collection and analysis of qualitative data. As 

the data were collected and analyzed, I then sorted the themes from the data to develop a 
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theory. This theory emerged from the comparative methods used in the examination of 

the data collected.  Grounded Theory leads researchers to attend to what they hear, see, 

and sense while gathering data (Urquhart, 2013). 

According to Urquhart (2013), the defining components of Grounded Theory 

included and the steps that I followed were:   

1. Collected and analyzed data simultaneously to develop a theory. 

2. Constructed analytic codes and themes from data, not from personal, 

preconceived ideas and thoughts. 

3. Reviewed scholarly journals for significant statements. 

4. Implemented the constant comparative method by making comparisons during 

each stage of analysis. 

5. Used the constant advancement of theory development during each step of 

data collection and analysis. 

6. During memo-writing, I stopped and analyzed ideas that were developing and 

emerging in the data through my method of coding. 

7. Applied theoretical sampling that was aimed towards theory construction. 

8. Conducted the literature review after the independent analysis. 

When exploring emerging theories, I focused on how individuals interacted with 

the phenomena being studied. In the current study, the phenomenon was the correlation 

of the developmental stages of learning to read and write and the developmental stages of 

coding literacy.  Grounded Theory as a secondary lens, allowed me to ground this study 

in the data in a secondary method that any theory produced is verifiable. The concept of 

Grounded Theory suggests that the researcher should seek to understand what the data 
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indicates, rather than trying to manipulate the data to fit into a particular existing theory.  

Data collection and interpretation varied throughout the research study (Patton, 2002; 

Urquhart, 2013). 

The use of Grounded Theory as a secondary lens is flexible because I was able to 

vary the interpretation of data based on emerging or established analyses as situations 

changed, or as further data were analyzed.  By applying Glaser’s (1992) comparative 

method of Grounded Theory as a secondary lens, I was able to implement various 

strategies for data analysis that were efficient, and productive without forcing the data 

into a pre-determined formula. Glaser and Strauss (1965) state that, “Theory must fit the 

situation being researched, and work when put into use” (p. 21).   

 Grounded Theory has integrity as a research process because it does not seek to 

impose preconceived thoughts and ideas on the acquired data.  The concept of 

overlapping data collection and analysis were used for this study.  This inductive process 

required constant review of the data in order to determine the next sampling. This was an 

example of theoretical sampling because the emerging data and themes determined future 

data collection (Urquhart, 2013).   

Description of Research Sites 

The research sites for this study, since it is a Qualitative Content Analysis, 

consisted of multiple sources.  I collected scholarly articles through the university library 

online resource system.  Standards I examined included the K-12 United States Computer 

Science Framework (2016), Computer Science For All (2018), International Standards 

for Computer Science Educators (2016), Common Core State Standards (2009), and 

Computer Science Teachers Association Standards (2017).  In addition, the following 
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coding websites were thoroughly researched: CSunplugged (Computer Science 

unplugged), Code.org/ Hour of Code, 2 simple to code, and Code Academy.  

Role of Researcher 

Qualitative research is often overwhelming to a researcher, particularly to new 

researchers, who must learn to organize, and interpret all of the data sources.  Within this 

Qualitative Content Analysis study, I maintained an open mind and allowed patterns of 

the data to naturally emerge.  In that sense, I was assumption free.  As I searched the 

topics of coding and how it related to learning to read and write, I did not know 

specifically a priori what theory would emerge from the data sources.  The themes and 

the core variables emerged as the study progressed (Urquhart, 2013). My role was to 

complete a thorough Qualitative Content Analysis and emerging Grounded Theory for 

the relationship between learning to code and developing reading and writing skills.  

Through the process of open coding, themes and structures within the data collection 

pieces were sorted and analyzed.  The purpose of using memoing as a cornerstone in this 

research was to exemplify quality and to determine when saturation of the sources had 

been identified. According to Stern (2007), memos are the mortar that hold together the 

building blocks(data) that comprise a Grounded Theory study.  In this particular study, 

the researcher memoed notes from articles that were focused on the topic of literacy, 

coding, and computer science.  In addition, I read and scripted memos from articles and 

books that contained Qualitative Content Analyses and Grounded Theory studies. 

Theoretical sampling guided how the data was generated, and from the sources and 

locations, as the study moved forward and progressed.   
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Data Collection Procedures 

While gathering data for this study, I read professional journal articles, examined 

various websites that promoted learning to code with kindergarten through twelfth grade 

students, and studied coding standards for the inclusion of coding skills.  Databases were 

searched thoroughly for scholarly articles related to the topics of coding as a literacy, 

reimaging the role of technology in education, the relationship between coding and 

writing, effects of technology on literacy skills, computational thinking, and standards 

which included the topics of coding, literacy, and computer science.  The articles and 

books were organized, recorded, and filtered in a research matrix for coding as it related 

to the following questions that I answered in this study: 

1. What theory emerged that connected learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Do the standards on learning to code and learning to read and write intersect 

and what theories emerge from the two?   

Data source #1- scholarly articles and books. While examining data sources, an 

extensive review of scholarly articles and books related to the topic of coding and literacy 

were discovered and reviewed.  The criteria for selecting the articles included:   

1. The article, or book must have been written between the years of 1990 and the 

current year.  

2. The article or book must have explored a link or relationship between reading 

and writing literacy and computer coding literacy. 
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3. The article or book must have been peer reviewed and contain the topics of 

literacy and computer coding. 

Through reading the articles that meet the selected criteria, I explored the 

emerging theories that developed.  In addition, I examined the articles for themes and 

ideas that lead to further connections and research exploration.  The questions that I 

answered were:  

1. What theory emerged that connected learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What theories are shaping coding literacy in scholarly journals and books? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerge from the two throughout the articles and 

books?   

  While examining scholarly articles, I also determined the stages of development 

in reading and writing, and if those stages correlated with the progressive stages of 

learning to code on the computer. In this study, I established a set of terms and examined 

each data source to determine if the identified terms existed in each source and the 

percentage of sources that included the identified terms.  Through this examination and 

determination of frequency, I discovered the theories that emerged from the data sources.  

The stages of reading development according to Chall (1976), and the stages of writing 

development according to Graves (1994) were compared to the stages of the development 

of learning to code. The first question in this research study guided this inquiry:  What 

theory emerged that connected learning to code and coding literacy to the developmental 

stages of learning to read and write? Scholarly journals included were, but were not 
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limited to: The International Journal of Learning, Educational Researcher, Technology, 

Knowledge and Learning, Computers & Education, Journal of Research on Technology 

in Education, The Reading Teacher, Educational Technology Research and 

Development, Journal of Educational Computing Research, Journal of Literacy 

Research, Reading Research Quarterly, International Journal of Technology and Design 

Education, Journal of Information Technology Education:  Innovations in Practice and 

Computers and Education.  During my review of all of these scholarly journals, I 

uncovered the fact that the multitude of articles that incorporated my research topic were 

not included in traditional literacy journals.  Traditional literacy journals had articles 

related to reading and writing development and incorporating technology into literacy 

instruction. My focused research topic was about aligning coding/programming on a 

computer to the steps required in learning to read and write.  In order to answer my 

research questions, I needed to find the alignment of the two.  

Data source #2-technology/coding curriculums and standards. The second 

data source consisted of local, state and, national technology/coding standards related to 

computer science, programming, and robotics. These were examined to determine the 

extent to which coding is currently taught in elementary schools, the future plans for 

incorporating coding into the curriculum, and the connection of teaching coding to 

reading and writing skill development.  The sub question #2 in this research study guided 

this inquiry:  Does the current data on learning to code and learning to read and write 

intersect, and what theories emerged from the two?   
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Table 2 

States with K-12 Standards for CS Content  

State Year Adopted Grade Bands or 
Individual Grades 

Location 

Arkansas 2016 K-8; individual 
grades 9-12; grade 
bands 

CS 

Florida 2016 K-2, 3-5, 6-8, 9-12 Science, CTE 

Idaho 2017 K-2, 3-5, 6-8, 9-10, 
11-12 

CS, CTE 

Indiana 2016 K-2, 3-5, 6-8, 9-12 
(CTE only) 

Science, CTE 

Massachusetts 2016 K-2, 2-5, 6-8, 9-12 Digital Literacy and 
CS, CTE 

New Jersey 2014 K-2, 3-5, 6-8, 9-12 Technology, CTE 

Washington 2016 K-2, 3-5, 6-8, 9-12 CS, CTE 

Note. Adapted from State of the states’ landscape report: State-level policies supporting 
equitable K-12 computer science education (2017). CS stands for Computer Science. 
CTE is xx.  

 

The table above indicates the states within the United States that currently have 

Computer Science standards included in their state required curriculum.  In addition, the 

standards from the K-12 United States Computer Science Framework (2016), Computer 

Science For All (2018), International Standards for Computer Science Educators (2016), 

Common Core (2009), and Computer Science Teachers Association Standards (2017) 

were examined. 

 I identified a set of terms and examined each data source to determine if the 

identified terms existed in each source and the percentage that the terms existed.  Based 

upon this examination and the identification of frequency, I discovered the theories that 

emerged from the data sources. By examining coding standards, I also determined the 



53 

 

stages of development in reading and writing, and if those stages correlated with the 

progressive stages of learning to code on the computer. 

Data source #3- websites that encourage or teach computer coding to 

kindergarten through twelfth grade students. The third data source consisted of 

websites that promoted learning to code in elementary schools and why the skill was 

considered to be imperative to a student’s success. The criteria for including a website 

into the data source included: 

1. The website has an instructional component that teaches individuals how to 

code on the computer. 

2. The website is current and active and includes a section that applies 

specifically to kindergarten through twelfth grade students. 

3. The website is endorsed by a reputable computer or educational company, or 

organization to provide authentic coding instruction. 

There are several such websites, including one developed by the CEO of Google, 

one created by Apple Inc., and Code.org. Specific online resources that were reviewed 

included: (a) United States Department of Education Computer Science, (b) Code.org, (c) 

Hour of Code, (d) Code Academy, and (e) Computer Science for All. 

The sub question #3 in this research study guided this inquiry: Do the websites on 

learning to code and learning to read and write intersect and what theories emerged from 

the two?  While examining learning to code websites, I also analyzed the stages of 

development in reading and writing and if those stages correlated with the progressive 

stages of learning to code on the computer. In this study, I identified a set of terms and 

examined each data source and determined if the identified terms existed in each source 
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and what percentage it existed.  Through this examination and the determination of 

frequency, I discovered the theories that emerged from the data sources. 

Data Recording/Analyzing Procedures 

Each data source was processed through a series of steps to ensure validity and 

reliability.  The data were organized into categories of information, and themes across the 

sources were established.  I applied a coding process, which according to Saldaña, 

Saldaña, and Miles (2015), “In a qualitative inquiry, to apply a coding process is to 

identify a word or short phrase that symbolically assigns a summative, salient, essence-

capturing, and/or evocative attribute for a portion of language-based or visual data” (p. 

3).  Since I took an inductive approach to my study, the coding process also developed as 

the research progressed.  The coding system was more grounded empirically, therefore 

connected the research method of Grounded Theory through a Qualitative Content 

Analysis. The data sources examined were scholarly articles on the topics of coding 

literacy and the developmental stages of reading and writing, a sample of coding 

standards from state and national levels, and websites that taught coding literacy. 

In desegregating the data, I first determined the significant statements and specific 

clusters of meaning related to literacy and coding.  With the unique terms related to 

coding and computer programming, I implemented an in vivo coding structure.  The root 

meaning of in vivo is, in that which is alive, and as a code refers to a word or short phrase 

from the actual language found in the qualitative data record, and the terms used by 

participants themselves.  In vivo coding is also one of the methods recommended to 

apply to Grounded Theory research.  Charmaz (2006) identified three types of in vivo 

code: general terms that flag some significant meaning, codes that can be participants’ 
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innovative terms, or insider shorthand terms as in those used in organizational settings 

(Charmaz, 2006; Strauss, 1987).  

Once I reached saturation and determined that there were not any new concepts 

emerging from the data, the analysis process began. In the second cycle, I took the 

findings of all three data sources combined and determined the final results of the study 

and identified the theories that emerged. 

Data Presentation 

The essence of Grounded Theory is the constant comparative method in 

conjunction with theoretical sampling. The constant comparative method was 

implemented to review and present the data gathered in this study.  Constant comparative 

coding combines the approaches of an explicit coding procedure in alignment with the 

development of a theory.  In Grounded Theory development, data collection, coding and 

analysis are completed simultaneously.  The purpose of this alignment and analysis is to 

generate theory more systematically.  Constant comparative coding method was also used 

jointly with theoretical sampling. When using Grounded Theory, it is necessary to 

acquire overlapping data collection and analysis.  Constant comparative coding means 

that the emerging concepts from the current data were examined to decide where to 

sample from next (Charmaz, 2014; Glaser & Strauss, 1967).  

Charmaz (2006) suggests that theoretical sampling allows for two things to occur: 

it enables a researcher to build up justification for concepts in the theory by finding more 

examples of a particular concept, and it also allows researchers to follow an emerging 

storyline suggested by the data.  The process of constant comparison analysis is to 
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constantly compare instances of data labeled as a particular category with other instances 

of data in the same category (Urquhart, 2013). 

Trustworthiness 

In order to establish trustworthiness, I put aside all pre-determined notions, ideas, 

or opinions while I evaluated the data. I took into consideration the pre-understanding 

during the planning process, as well as the analyzing process in order to minimize any 

biases.  As a final check, I considered how the new findings corresponded to the literature 

and whether or not the result was reasonable and logical (Burnard, 1991; Morse & 

Richards, 2002; Urquhart, 2013).  Utilizing in vivo coding strengthened the authenticity 

of the results. The in vivo codes are significant when interpreting the data directly from 

participants, journals, websites, and coding standards (Saldaña, Saldaña, and Miles, 

2015). 

Ethical Issues 

To conduct a thorough study is to conduct an ethical study. Critical self-reflection 

on biases and theoretical dispositions existed throughout the study.  It was my 

responsibility to report, and analyze the data honestly, and to take responsibility for 

reporting the finding accurately.  Future research and implications could be impacted by 

the findings that are reported.  In order for the study to be considered reliable and valid, 

all current research must be (and was) examined and analyzed to produce generalized 

results (Urquhart, 2013). 

Chapter Summary 

In summary, I researched if computer coding was a necessary skill that 

kindergarten through twelfth grade students should be taught, and if the skill of coding 
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contributed to the development of reading and writing skills.  This study was an example 

of qualitative research.  The qualitative methodological framework utilized for this study 

was Qualitative Content Analysis with a secondary lens of Grounded Theory.  There 

were three questions to be answered through this study:  

1. What theory emerged that connected learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerged from the two?   

In the next chapter, I analyzed the data collected to uncover the core message of the data 

sources.  
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CHAPTER IV 

Analysis of Data 

The primary purpose of this study was to determine what theories might emerge 

around the topics of learning to code and learning to read and write.  The intent of this 

research project was to illuminate the literacy of computer coding.  Educators and 

programmers have previously made the connection between programming and literacy 

(Clements, 1999; Hutchinson, 2015; Kazaoff & Bers, 2014; Kazakoff, Sullivan, & Bers, 

2012; Nadolny & Estapa, 2015, Papert, 1980; Rich, Browning, Perkins, Shoop, 

Yoshikawa, & Belikov, 2018; Snow, Tabors, Nicholson, & Kurland, 1994).  Many 

previous studies on how learning to code can improve science, computer science, and 

STEM related skills and interests in students exists (Barker & Ansorge, 2007; Bers, 

2018; Chitterji, 2018; Clements, 1999; diSessa, 2001; Fayer, Lacey, & Watson, 2017; 

Geist, 2016; Kafai & Burke, 2016; Khine, 2017; Papert, 1993, 1987; Phillips & Brooks, 

2017; Sergeyev, Alaraje, Meyer, Kinney, & Highum, 2015; Sullivan & Bers, 2015).  

However, most published research does not connect coding literacy to reading and 

writing literacy. 

Computer code is layered within the technology of writing and structures much of 

our modern-day communications, including word processing, e-mail, the Internet, social 

network platforms, digital video production, and mobile phone technology (Fayer et 

al.,2017; Rich et al., 2018; Vee, 2017).  The terms coding and programming were used 

interchangeably throughout this study.  Programming and writing have a complicated 

association.  Programming is considered a form of writing because, symbols are used to 
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create a message to read, although, programming is more than writing. It is a planned 

sequence of symbols that will be read, executed, or run, by the computer (Vee, 2017). 

The purpose of studying the literature and its findings, the computer science 

standards, and coding websites, was to determine if learning to code can have an impact 

on literacy skills, specifically developmental reading and writing skills.  This chapter 

presents the data and findings from the three data sources; (a) four scholarly journals and 

articles, (b) five sets of standards that incorporate the teaching of coding/programming, 

and (c) four websites that teach coding.  This chapter contains the findings from each 

journal, each set of standards, and each website.  After reviewing the data from each 

source, I summarized the composite findings from that source.  To summarize all three 

data sources, I combined and filtered the overarching themes from all three data sources 

combined to determine the theories that emerged.  These findings are explained in 

Chapter 5.  This chapter explains the similarities between learning how to code/program 

on a computer and learning to read and write.  This chapter also reveals specific data 

found in each data source, and how the data sources combine.  

Data Analysis of Data Source 1: Scholarly Journals 

Cycle 1: Sample selection journals 

I surveyed nine scholarly journals that incorporated coding and computer science 

into K-12th grade curriculums.  For the years 2007-2017, I collected the table of contents 

for every issue included in each journal of the nine identified: (a) Computer Science 

Education, (b) International Journal of Computer Science Education in Schools, (c) 

Technology Knowledge and Learning, Education Technology Research and 

Development, (d) Themes in Science and Technology Education, (e) Computers and 
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Education, (f) Journal of Education Computing Research, (g) TechTrends, and (h) 

Journal of Research on Technology and Education.  I reviewed the table of contents for 

entries that included: (a) literacy, (b) reading, (c) writing, (d) coding/programming, and 

(e) robotics.  Out of 5,242 journal articles, only 130 of those articles from the years 2007-

2017 referenced literacy as it relates to reading and writing.  The results of the initial 

journal search for articles are as follows: Computers and Education, N= 2,356; 

TechTrends, N=1,143; Educational Technology Research and Development, N=598; 

Journal of Educational Computing Research, N=452; Journal on Research and 

Technology Education, N=209; Technology, Knowledge and Learning, N=195; Computer 

Science Education, N=171; and Themes in Science Technology Education N=93; 

International Journal of Computer Science Education in Schools, N=25.  During my 

review of all of these scholarly journals, I uncovered the fact that the multitude of articles 

that incorporated my research topic were not included in traditional literacy journals.  

Traditional literacy journals contained articles related to reading and writing development 

and incorporating technology into literacy instruction.  My focused research topic and 

questions revolved around aligning coding/programming on a computer to the steps 

required in learning to read and write.  In order to answer my research questions, I needed 

to find the alignment of the two. 

Cycle 2: Journal article selection 

After analyzing the journals, I selected four journals from Cycle 1 that 

incorporated the most articles that related to my research topic of coding and literacy.  

My intentions behind selecting the four journals was to examine the journals that 

contained the most articles related to the specific terms that I identified for my research.  
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Out of the nine journals examined, it was determined that four of the journals included 

the greatest number of articles with the identified key words: these four journals 

included: (a) Computers and Education, N=95; (b) Tech Trends, N=23; (c) Journal of 

Education Computing Research, N=20; (d) Journal of Research and Technology in 

Education, N=8.  Within these four journals, I found the most articles related to my topic.  

For the purpose of this research, I only wanted to include that focused on Kindergarten 

through 12th grade students.  By selecting these four journals, I completed the second 

cycle of coding.  The specific number of articles with each code word identified are 

labeled in Table 3, Appendix A.  Specifically, refer to the first four journals identified in 

Table 3 in Appendix A. 

After identifying the four journals, I created a matrix and catalogued all the 

articles included between the years of 2007-2017 and coded using the terms: (a) literacy, 

(b) reading, (c) writing, (d) coding/programming, and (e) robotics.  The following 

journals did not have enough relevant articles to include in the remainder of the coding 

cycles and were not included in the analysis: (a) Computer Science Education, N=18; (b) 

Journal of Research and Technology in Education, N=8; (c) International Journal of 

Computer Science Education in Schools, N=8; (d) Themes in Science and Technology 

Education, N=7; and (e) Technology Knowledge and Learning, N=6.  It was within the 

other four top journals that I found a significant number of articles to review.  The journal 

titled Computers and Education, included N=95.  Within the journal Educational 

Technology Research and Development, N=19.  For the Journal of Educational 

Computing Research N=20, and Tec Trends, N=23.  In total for my Qualitative Content 

Analysis, I identified 157 scholarly articles.  By completing this process and identifying 
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the scholarly journals and articles for Data Source 1, I narrowed down my sample 

selection.  I determined my sample selection of articles by cataloging the number of code 

words that were included in each of the 157 articles.  The code words identified are 

reading, writing, literacy, programming/coding, and robotics.  I then narrowed down 

those 157 articles to 32 that related the closest to my topic of coding and literacy.  As I 

narrowed the selection of articles, I looked specifically for articles with a direct 

connection to computer programming and the traditional definition of literacy, which is 

the ability to read and write. 

Cycle 3: Individual Journal Analysis 

Analysis procedures of scholarly journals. Now with my selected articles 

identified it was time for Cycle 3.  During the third cycle of coding, I read each of the 32 

articles in detail.  There were additionally three separate cycles that I worked through on 

each article.  First, I read the article for significant statements.  For the purpose of this 

study the significant statements refer to the identification of statements within the data 

source that signify important points related to the topic of coding/programming and 

literacy.  Secondly, I identified ‘clusters of meaning’ within the body of the article that 

related to my topic of research.  For the purpose of this study clusters of meaning refer to 

the identification of a group of words that are related to the research topic  Thirdly, I 

collected, sorted, and discovered the emerging theories from the clusters of meaning 

statements that answered my overarching question. 

Journal 1: Computer & Education.  A continued push for computer science 

education is the reoccurring theme throughout the articles in Computers & Education.  In 

Table 4 of Appendix B, 16 articles were coded for significant words, clusters and themes 
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that emerged from each one.  Robotics programming, computational thinking, and the 

implementation of technology in the classroom purport more data that supports the 

connection of literacy skills and the programming/coding.  The Transformative Robotics 

Experience for Elementary Students project is one of the many initiatives bringing 

robotics and computer science curriculum to elementary age students (Chen, Shen, Barth-

Cohen, Jiang, Huang, & Eltoukhy, 2017).  The project used the humanoid robot platform 

NAO by Aldebaran Robotics.  It contains tools such as voice/speech and facial 

recognition which is similar to robotics platforms used by current professionals. In the 

journal of Computers & Education there were 15 themes that emerged throughout the 

articles examined.  The overarching clusters of meaning were selected by reading each 

article and highlighting the phrases that connected to literacy, specifically reading, 

writing and digital literacy.  In total 100 clusters of meaning were identified within 

articles pulled from 2007-2017 that related to my topic.  In Table 4 of Appendix B 

referring specifically to the Computers & Education the clusters of meaning are explicitly 

listed for each article.  The frequency of the clusters of meaning discovered included: (a) 

reading comprehension, N= 13; (b) problem solving, N= 11; (c) vocabulary, N= 10; (d) 

listening comprehension, N= 8; (e) literacy N=8; (f) reading, N=8; (g) communication 

skills, N= 7; (h) sequential analysis, N= 7; (I) coding/programming, N=6; (j) cross 

curricular connections and intersections, N=6; (k) robotics, N=6; (l) writing, N=5; (m), 

computational thinking, N=3; and (n) engineering, N=2. In the last step, I synthesized the 

original  clusters of meaning groups to create the following overall clusters themes: 

literacy and reading comprehension, N=21; writing, sequential analysis, and 
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communication skills, N=19; problem solving and computational thinking, N=14; 

robotics and engineering, N=8; and coding/programming, N=6.  

Cluster Themes for Journal 1 

Literacy and reading comprehension.  Investigating the progression of reading 

comprehension skills (N=21) was the most common cluster of meaning extracted from 

the volumes of Computers & Education journal.  In a contributing study by Lysenko and 

Abrami, the impact of two web-based applications on elementary students’ reading 

comprehension was measured (2014).  This research consisted of two studies conducted 

during 2010-2011 and 2011-2012 school years, participants included 26 teachers from 

grades 1-2, and their students (N=517).  Analyses showed that students who used both 

web-based application tools performed significantly better (p < .001) compared to 

controls in reading and writing as measured by standardized tests (Lysenko & Abrami, 

2014).  

Writing, sequential analysis, and communication skills.  The second largest 

theme emerged from the cluster groups of writing, sequential analysis, and 

communication skills (N=19).  An example of this theme can be seen in the study 

conducted in 2013 by Genlott and Gronlund is an example of the writing, sequencing and 

communication skills themes.  The authors analyzed the effects of ICT (Information and 

communication technologies) supported “Integrated Write to Learn” (iWTR) method in 

which first grade students used computers and other ICT tools to write texts and discuss 

and revise them with classmates and teachers.  The method was tested using two testing 

groups and two control groups.  The study measured the performance in reading and 

writing using standard tests in combination with observations and student evaluations.  
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The results showed that reading skills improved, but the biggest improvement was with 

writing skills.  The students in the test groups wrote texts with better grammar, and 

sentence structure, more defined content, and a larger vocabulary (Genlott & Gronlund, 

2013). 

Problem solving and computational thinking.  Examples of studies that 

incorporated the themes of problem solving and computational thinking (N=14) from the 

Computers & Education are shared in this paragraph. In an article written by Chen, Shen, 

Barth-Cohen, Jiang, Huang, and Eltoukhy an instrument was created and administered 

that measured the computational thinking of fifth grade students as they learned coding in 

robotics and everyday reasoning abilities (2017).  The authors determined that 

participating in a robotics curriculum did students improve their computational thinking 

skills.  In another study conducted by Potocki, Ecalle, and Magnan, (2013), two groups of 

second graders in a randomized control trial design were selected and trained using two 

computer assisted comprehension training programs (CAI).  Two different CAI programs 

were compared.  Through the use of these programs students listening and reading 

comprehension skills improved (Potocki, Ecalle & Magnan, 2013). 

Robotics and engineering.  The term robotics yielded a frequent cluster of 

meaning (N=8) because in order to participate in a robotics curriculum a student must be 

able to sequence, problem solve, comprehend through reading and writing, and 

program/code a computer to activate the movement of the robot.  Within the articles in 

Computers & Education authors frequently, sometimes outwardly, spoke to the 

similarities and other times inferred the connection between the developmental steps of 

learning to read and write and the steps needed to code a robot.  Kucuk and Sisman, 
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contributed an article in 2017, where the purpose was to understand the behavioral 

patterns of elementary students and teachers who participated in a one-to-one robotics 

curriculum and, identified the connection to learning sequencing skills.  

Coding/programming.  The clusters of meaning with the fewest frequencies 

found in Computers & Education included computer programming/coding (N=6) which 

is considered an important skill for the development of higher order thinking (Fessakis, 

Gouli, & Mavroudi, 2012).  An example from the journal presented, is an exploratory 

case study featuring 5-6-year-old kindergarten children exposed to a short introductory 

programming game.  Then the children had to solve a series of computer programming 

problems.  The results of the study showed that when young children work with a real 

programming environment, they learn how to execute commands and respond positively 

to the immediate feedback (Fessakis, Gouli, & Mavroudi, 2012).  

Core themes for the journal Computers & Education.  In total 100 clusters of 

meaning were identified within the articles pulled from 2007-2017 related to my topic.  

In the journal of Computers & Education there were 14 themes that emerged throughout 

the articles examined.  As I reviewed the 10-year span of the table of contents, I 

identified articles to review.  I read each selected article for clusters of meaning, and 

began to see patterns forming and clusters of themes developing.  I was looking to 

determine if there was an overall connection between computer programming/coding and 

the skills needed to learn how to read and write.  The themes that emerged consolidated 

into two overarching themes.  The first overarching theme was preliminary skills 

necessary in order to acquire the ability to comprehend what a student is reading 

(vocabulary, literacy, reading, sequential analysis and writing).  The second overarching 
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theme that evolved was digital literacy (coding, programming, robotics, computational 

thinking, communication skills, and problem solving.)  Computers & Education seeks to 

promote not only the necessity of incorporating technology into the classroom, but also 

the research behind how becoming digitally literate can benefit students in other subject 

areas.  

Journal 2: Educational Technology Research and Development.  The articles 

included in Educational Technology Research and Development focus on the topics of 

reading skills and applying reading skills to learning via the computer.  In Table 5 of 

Appendix C, I noted that five articles underwent coding for significant words, clusters 

and themes.  In total 146 clusters of meaning were highlighted.  The overarching clusters 

of meaning were selected by reading each article and highlighting the phrases that 

connected to literacy, specifically reading, writing and digital writing.  Many of the 

articles centered around incorporating and integrated technology into the general 

everyday curriculum.  This journal offered a multitude of strategies based on peer 

reviewed studies that incorporated programming and utilizing computer programs to 

supplement instruction from a classroom teacher.  

Within Educational Technology Research and Development, a total of 39 clusters 

of meaning were identified.  Those clusters included; (a) writing, N=7; (b) reading skills, 

N=5; (c) sequencing, N=5; (d) literacy, N=4; (e) reading comprehension, N=4;  (f) 

decoding, N=3; (g) vocabulary, N=3; (h) collaborative learning, N=2; (I) language 

arts/cross curriculum, N=2; (j) programming, N=2; (k) problem solving, N=1; and (l) 

self-efficacy, N=1.  In the last step I synthesized the individual clusters groups into the 

following themes: reading, writing and literacy, N=16; reading comprehension, 
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vocabulary, decoding, and sequencing, N=15; programming, and problem solving, 

collaborative learning and self-efficacy, N=6; and language arts/cross curriculum, N=2.   

Cluster Themes for Journal 2 

Reading, writing and literacy.  Investigating the progression of reading, writing 

and literacy (N=16) was the most common cluster of meaning extracted from the 

volumes of Educational Technology Research and Development.  In a study included in 

Educational Technology Research and Development, the authors investigated the effects 

of multimedia story reading and questioning on children’s literacy skills, including 

vocabulary, story comprehension and reading engagement, Zhou and Yadav, (2017).  The 

results showed significant interaction of media and questioning on targeting vocabulary 

and effects for engagement. Literacy skills, such as decoding, sequencing, and predicting 

have been identified as key predictors in children’s future academic success (Fletcher and 

Reese, 2005).  Researchers and teachers are always in search of new strategies to 

effectively teach reading skills.  Recently, sophisticated multimedia devices have 

provided new ways to introduce children to reading and early literacy skills.   

Reading comprehension, vocabulary, decoding and sequencing.  The original 

cluster groups of reading comprehension, vocabulary, decoding and sequencing (N=15) 

were combined to create the second largest theme.  An example of this theme can be 

found in Ponce, Mayer, & Lopez’s (2013) study that explored the effectiveness of a 

computer based spatial learning strategy for improving reading comprehension and 

writing skills.  In the area of reading comprehension, students received practice in 

transferring information from passages read into graphic organizers.  In addition, students 

also practiced the planning stages for writing by filling in graphic organizers and 
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translating them into paragraphs.  The findings indicated that students who participated 

improved their reading and writing skills significantly more than the study group that did 

not apply the computer based spatial learning strategy.  

Programming, problem solving, collaborative learning and self-efficacy.  The 

original cluster groups of programming, problem solving, collaborative learning and self-

efficacy (N=6) formed the next theme.  Computer programming requires problem solving 

strategies and logical thinking (Wang and Hwang, 2017).  Research supports the belief 

that collaborative learning is an effective strategy for teaching, by encouraging student 

interaction and offering a variance to the explanation of content.  Although, students must 

be taught and monitored to ensure the productivity of collaborative learning, 

programming can provide opportunities for students to problem solve in groups and learn 

from each other (Wang and Hwang, 2017).  In addition, research showed that students 

who participated in collaborative learning activities, had higher self-efficacy and a lower 

cognitive load than students working individually on the same activity (Wang and 

Hwang, 2017).  

Language arts/cross curriculum.  The smallest theme that emerged from the 

cluster groups was language arts/cross curriculum (N=2).  In a 2010 study conducted by 

Judson; he investigated the question of does improving technology literacy open doors to 

traditional content across subject areas.  This particular study focused on technology 

literacy and how it relates to language arts skill development and overall student 

achievement.  The study included approximately 5,000 fourth and fifth grade students 

and 5,000 sixth to eighth grade students were studied. Judson’s study, featured in 

Educational Technology Research and Development, directly looked at whether or not 
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there is an identifiable link between gains in technology literacy and achievement in the 

academic areas of reading, mathematics and language arts.  The changes were compared 

to relative gains from a pre- to post-assessment in technology literacy.  Specifically, this 

study was grounded in two ideas: that technology gains lead to more confidence in 

learning the content subject matter, and that technology gains reflect the increased ability 

to use technology as a mediator of new learning.  The results provided evidence that 

connections between technology literacy gains do correlate with gains in language arts 

skills (Judson, 2010). 

Core themes for the journal of Educational Technology Research and  

Development.  In total, I identified 39 clusters of meaning within the articles pulled from 

2007-2017 related to my topic.  In Educational Technology Research and Development, 

there were 12 themes that emerged from the examined articles.  As I reviewed the ten-

year span of the table of contents, I identified articles to review, and read each selected 

article for clusters of meaning. I was reading to determine if there was an overall 

connection between computer programming/coding and the skills necessary to learn how 

to read and write.  The themes that emerged consolidated into two overarching themes.  

The first overarching theme was cross-curriculum integration.  Many of the articles 

discussed how coding/programming could be applied to a range of subject areas 

including language arts.  What I found especially interesting about the direction this 

journal took was that many of the studies were based in the classroom and applied 

communication skills as well as group problem solving strategies, and cooperative team-

based learning.  The second overarching theme from Educational Technology Research 

and Development, was the overall idea of technology literacy and how it can be applied 
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to the development of a well-rounded learning program.  This journal had many articles 

that specifically referenced scaffolded practice and cognitive development.  

Journal 3: Journal of Educational Computing Research.  Inside the Journal of 

Educational Computing Research, I found articles on digital writing, computer guided 

oral reading, pedagogical programs for learning, computational thinking, and early 

cognitive development all in relation to computer coding/programming.  In total, I coded 

four articles, (see Table 6 in Appendix D).  The themes of sequencing skills, language 

and vocabulary development, and visual memory skills continued to weave throughout 

the research.  In 2014, there was a study published in this journal on the impact of 

programming robots to teach sequencing skills to thirty-four early childhood students 

(Kazakoff, and Bers, 2014).  The students’ sequencing skills were assessed before and 

after the intervention and the scores were comparted using a t-test.  A significant increase 

in post-test scores comparted to pre-test scores was found (Kazakoff, & Bers, 2014).  

The clusters of meaning found in the Journal of Educational Computing Research 

included a more varied list of topics.  The clusters of meaning included; (a)writing, N=4; 

(b) decoding, N=2; (c) literacy, N=2; (d) programming, N=2; (e) reading, N=2; (f) 

reading comprehension, N=2; (g) sequencing, N=2; (h) e-books, N=1; (I) metacognitive 

thinking, N=1;  (j) phonics, N=1; (k) problem solving, N=1; (l) visual discrimination, 

N=1; and (m) vocabulary, N=1.  The clusters of meaning are specifically listed in Table 5 

of the appendix.  The total number was 22. In the last step I synthesized the individual 

clusters groups into the following themes: writing, sequencing and literacy, N=8; reading, 

reading comprehension, E-books and vocabulary, N=6; programming, metacognitive 
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thinking and problem solving, N=4; and decoding, phonics and visual discrimination, 

N=4.  

Cluster Themes for Journal 3 

 Writing, sequencing and literacy.  Investigating the progression of writing, 

sequencing and literacy (N=8) was the most common cluster of meaning.  An example of 

this theme focused on the connection between writing and technology through an 

examination of whether an automated essay feedback system could improve the writing 

performance of college students (Kellogg, Whiteford, & Quinlan, 2010).  A struggle 

often noted by college professors is the weak writing skills of new college students.  In 

this study, students in a freshman composition course were given no feedback on the first 

drafts of three practice essays.  This study examined the effects of no feedback, 

intermittent feedback, or continuous feedback.  Transfer tests showed that students 

learned to reduce errors of mechanics, usage, grammar and style.  The benefit was 

determined to be for continuous feedback, but not from intermittent feedback (Kellogg, 

Whiteford, & Quinlan, 2010). 

Reading, reading comprehension, E-books and vocabulary.  The original cluster 

groups of reading, reading comprehension, E-books and vocabulary (N=6) were 

combined to create the second largest theme.  In 2012, an article by Korat and Shamir, in 

the Journal of Educational Computing Research, examined the effects of direct and 

indirect teaching of vocabulary and word reading on pre-kindergarten and kindergarten 

children following the use of an electronic storybook (E-book).  Children in each age 

group were assigned randomly to either the control group given the regular school 

program, or the intervention group which read the e-book.  The e-book included 
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vocabulary support.  The children who read the e-book showed progress in the 

comprehension and the reading of words directly supported by the e-book compared to 

the control group (Korat & Shamir, 2012).  The level of vocabulary development can be a 

key factor in overall communication skills (Vermeer, 2001), particularly in reading and 

reading comprehension (Nagy & Scott, 2000; Stanovich, 1986).  

Programming, metacognitive thinking, and problem solving.  One of the 

smallest themes that emerged from the cluster groups was programming, metacognitive 

thinking, and problem solving (N=4). An example of a study that assessed the impact of 

meta-cognitive training on students’ understanding of basic programming concepts was 

published in the Journal of Educational Computing Research in 2014 by the authors, 

Cetin, Sendurur, & Sendurur.  Their study investigated meta-cognitive training on 

students’ programming achievement, retention of programming knowledge, and explore 

students’ experiences and opinions related to meta-cognitive training (Cetin, Sendurur, E. 

& Sendurur, P., 2014).  The 51 participants were divided between an experimental group 

that received instruction in a meta-cognitive model and a control group taught using a 

traditional method.  The results indicated that the instruction based on meta-cognition 

produced significantly better acquisition of introductory programming concepts.  

Decoding, phonics and visual discrimination.  The final, theme with the least 

amount emerged from the cluster groups of decoding, phonics and visual discrimination 

(N=4). A common thread in the Journal of Educational Computing Research was articles 

from international researchers in countries other than the United States.    A study based 

in Italy, introduced a platform called En Plein, which is a motion based kinesthetic 

practice of phonological skills (Goffredo, Bernabucci, Lucarelli, Conforto, Schmid, 



74 

 

Matilde Nera, Lopez, D’Alessio, & Grasselli, 2016).  En Plein relies on the Microsoft 

Kinect motion sensor.  A pre-test and post-test were conducted.  The students who 

worked with En Plein showed improvements in their phonological awareness (mean 

increase of assessment scores of 9%), while their peers who received traditional 

instruction had a mean increase of 1%.  The results pointed towards the indication that 

students were more confident in manipulating phonological units and increased their 

awareness of how words were built (Goffredo, Bernabucci, Lucarelli, Conforto, Schmid, 

Matilde Nera, Lopez, D’Alessio, & Grasselli, 2016). 

Core themes for the Journal of Educational Computing Research.  In total 22 

clusters of meaning were identified within the articles pulled from 2007-2017 related to 

my topic. In the Journal of Educational Computing Research there were 13 themes that 

emerged from the articles.  As I reviewed the 10-year span of the table of contents, I 

identified articles to review, read each selected article for clusters of meaning, I began to 

see patterns forming and clusters of themes developing.  I was looking to determine if 

there was an overall connection between computer programming/coding and the skills 

needed to learn how to read and write.  

Journal 4: TechTrends.  An examination of TechTrends leads to 41 clusters of 

meaning as identified on Table 7 of Appendix E.  Those topics included; (a) 

computing/programming/coding, N=6; (b), literacy, N=6; (c) reading and reading 

comprehension, N=6; (d) connected learning, N=4; (e) writing and digital writing, N=4; 

(f) communication skills, N=3; (g) sequencing, N=3; (h) technology integration, N=3; (I) 

vocabulary, N=3; (J) reading fluency, N=2; and (k) robotics, N=1.  In the last step I 

synthesized  the individual cluster groups that combined to create the overall clusters and 
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those included, reading, reading comprehension, fluency and literacy, N=14; writing, 

digital writing, sequencing, vocabulary, and communication skills, N=13; computing, 

programming, coding and robotics, N=7,  connected learning and technology integration, 

N=7. Within TechTrends a wide variety of topics were included; articles about 

technology education, educational trends, social networks, networking skills, strategies 

for teaching programming/coding, computer science in general, and applications for 

technology.  TechTrends also incorporated articles related to teaching a variety of 

learners such as students with learning differences, students whose first language is a 

language other than English, and all grade level of students.  Additionally, TechTrends 

incorporated studies on how to best integrate technology into the classroom with the best 

ethical and safety standards for students.   

Cluster Themes for Journal 4 

Reading, reading comprehension, reading fluency and literacy . Investigating 

the progression of reading, reading comprehension, reading fluency and literacy (N=14) 

was the most common cluster of meaning. Reading comprehension, or understanding the 

author’s message, is a critical skill presented in the elementary grades.  A study recorded 

in Tech Trends suggested that student-centered reading comprehension activities on the 

iPad can lead to better student achievement and motivation in reading (Moon, Wold, & 

Francom, 2016).  In addition, Sessions, Kang & Womack (2016) conducted a study on 

improving writing instruction through iPad apps.  This study reported that students wrote 

more cohesive, sequential stories using iPad apps verses traditional paper and pencil.  

Using the iPad apps also had an impact on motivation to write and made the writing 

process in general more social and engaging in the classroom. 
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In another study included in TechTrends, Russell and Cuevas, (2014) designed on 

line reading modules for a high school literature classroom.  The modules were designed 

in partnership with the instructional technologist and the high school literature teacher to 

promote reading comprehension through modules that provided visual displays of text on 

the computer screen along with cognitive tools.  Many high school students do not have 

the higher order thinking skills necessary to comprehend advanced level literature 

(Alfassi, 2004).  The modules in this study were created to help students with 

comprehending advanced level texts, and they were found to boost comprehension of 

specific content and over time, even improved overall reading skills (Russell & Cuevas, 

2014). 

Writing, digital writing, sequencing, vocabulary, and communication skills.  

The second largest theme emerged by combining the cluster groups of writing, digital 

writing, sequencing, vocabulary, and communication skills, (N=13).  In 2015, Darrington 

and Dousay published a study in Tech Trends that examined multimodal writing to help 

motivate struggling students to write.  This study focused particularly on high school 

students.  Within this study, change theory was explored to evaluate the benefits of 

multimodal works compared to traditional writing projects.  The overall finding of the 

study was that multimodal writing was found to be more exciting for students than paper-

based writing assignments (Darrington & Dousay, 2015).  Writing involves developing 

sequencing, vocabulary and the ability to communicate ideas. 

Computing, programming, coding and robotics.  The theme with one of the fewest 

frequencies emerged from the cluster groups of computing, programming, coding, and 

robotics (N=7).  Through my research, I discovered multiple studies that incorporated 
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various reading and writing skills/concepts that can be accessed through 

coding/programming.  Scouring the table of contents from 2007 to 2017, 23 articles 

referenced the connection to reading and writing.  In Table 7 of Appendix E it is noted 

that seven articles were coded for significant words, clusters and themes that emerged 

from each one.  Various skills were identified in the research.  Reading skills include 

incorporating on line literature circles, improvement in reading comprehension, 

vocabulary development, fluency, and decoding skills (Boeglin-Quintana, & Donovan, 

2013).  In addition, Delacruz found that using Near Pods in elementary guided reading 

groups increased comprehension of the text presented, increased motivation to read, and 

students the ability to focus better on the text (2014). 

Connected learning and technology integration.  The final theme emerged from 

the cluster groups of connected learning and technology integration (N=7).  The term 

computational thinking was recently identified as a key 21st century skill for all students 

(Yadav, Hong, & Stephenson, 2016).  Computational thinking involves breaking down 

complex problems into more manageable smaller problems, using a sequence of steps 

(algorithms) to solve those problems, reviewing how the solution can be applied to solve 

other problems, and finally determining if a computer can assist in more efficiently 

solving problems (automation), (Wing, 2006).  In a study conducted by Yadav, Hong, 

and Stephenson, 2016, and published in Tech Trends, it was suggested that computational 

thinking is a key skill that students need in order to move from being technology-literate 

to using technology and computational tools to solve problems. 

Core themes for the journal TechTrends.  In total 41 clusters of meaning were 

identified within the articles pulled from 2007-2017 related to my topic.  In the journal 



78 

 

TechTrends, there were 11 themes that emerged throughout the articles examined.  As I 

reviewed the 10-year span of the table of contents, I identified articles to review, read 

each selected article for clusters of meaning, and began to see patterns forming and 

clusters of themes developing.  I was looking to determine if there was an overall 

connection between computer programming/coding and the skills needed to learn how to 

read and write. In total I identified 41 clusters of meaning and 11 themes.  The theme that 

emerged consolidated into one overarching theme. TechTrends incorporates papers that 

emerge from technology conferences and events.  The overarching theme for the journal 

TechTrends, truly is trends in research and education as it relates to technology.   

Cycle 4: Summarizing the Composite Theories that Emerged from Data Source 1  

The final coding cycle for the Computers and Education, Educational Technology 

Research and Development, Journal of Educational Computing Research, and Tech 

Trends involved reviewing significant statements, finding clusters of meaning, and lastly, 

finding the theories that evolved from the data.  As reading and writing skills often 

intersect, the clusters of meaning and significant statements emerging from the scholarly 

journals also intersected.  The core themes from each journal are presented in the next 

section. 

Core Themes for Data source 1: Journal  

Computers & Education.  From the journal Computers & Education, the first 

overarching theme was preliminary skills necessary in order to acquire the ability to 

comprehend what a student is reading (vocabulary, literacy, reading, sequential analysis 

and writing).  The second overarching theme that evolved was digital literacy (coding, 

programming, robotics, computational thinking, communication skills, and problem 
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solving.)  The Computers & Education journal seeks to promote not only the necessity of 

incorporating technology into the classroom, but also the research behind how becoming 

digitally literate can benefit students in other subject areas.  

Educational Technology Research and Development . The first overarching 

theme that I discovered from the 10-year span of articles within the journal Educational 

Technology Research and Development was cross-curriculum integration.  Many of the 

articles discussed how coding/programming could be applied to a range of subject areas 

including language arts.  The second overarching theme from this journal was the overall 

idea of technology literacy and how it can be applied to the development of a well-

rounded learning program.  This journal had many articles that specifically referenced 

scaffolded practice and cognitive development.  

Journal of Educational Computing Research.  I found that an overarching theme 

of the Journal of Educational Computing Research, was incorporating more interactive 

learning within the context of technology and digital learning.  In total 22 clusters of 

meaning were identified within the identified articles pulled from 2007-2017 that related 

to my topic.  Thirteen themes that emerged from within the articles examined.  Multiple 

articles referenced not just technology, but interactive technology.  Another overarching 

theme that I identified was the idea of cognitive interactive skills as referenced by the 

study on vocabulary development where a program defined words for a student, and the 

study in which, the computer program offered direct feedback to a student on his/her 

writing skill development.  

TechTrends.  The themes that emerged consolidated into one overarching theme.  

I view TechTrends as a journal that incorporated all topics related to technology 
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developments in teaching and learning.  In total 41 clusters of meaning were identified 

within the articles pulled from 2007-2017 related to my topic.  In the journal TechTrends, 

there were 11 themes that emerged from the articles examined. TechTrends also 

incorporates papers that emerge from technology conferences and events.  The 

overarching theme for the journal TechTrends, truly was trends in research and education 

as it relates to technology.   

Overarching Themes from Data Source 1: Journals 

In order to narrow down the overarching themes from each journal to a summary 

of the themes from Data Source 1, I reviewed the themes from each journal by writing 

the themes on index cards and sorting them into categories.  I then categorized the 

themes.  After sorting once, then sorting again I determined the overarching ideas from 

each, I then determined the three overarching themes from the four scholarly journals.  

As reading and writing skills often intersect, the clusters of meaning and significant 

statements emerging from the scholarly journals also intersected.  The following data was 

found from the analysis across all four journals.  The significant words and clusters of 

meaning were, cognitive learning, computational thinking, problem solving and cross 

curriculum integration, N= 10; comprehension in reading as it relates to technology 

integration and writing development, N=9; coding/programming/digital literacy/robotics, 

N=7; and communication and cooperative learning, N=3.  In the final analysis of the four 

journals in data source 1 and based on the data presented, the message that these four 

journals are saying is that many of the skills necessary to read and write such as 

decoding, sequencing, reading comprehension, and writing are also skills needed to learn 

how to code/program on the computer.  
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Data Analysis of Data Source 2: Curriculum Standards 

Cycle 1: Sample selection of standards 

My second data source, and the source in which I repeated the same three coding 

cycles consisted of computer science standards across a variety of resources.  The three 

coding cycles for the collection of standards included reviewing for significant words, 

searching for clusters of meaning and theme statements that would develop into theories. 

The process I followed included the review of the comprehensive K-12 standards from 

each of the five resources.  The criteria for selecting the five resources included; 

identifying the most recent set of standards between the years of 2007-2017, determining 

that the standards were developed by an organization that was based in the United States, 

and included the standards for kindergarten-12th grade.  All sources selected met the pre-

determined criteria.  Across all examples the standards were divided up in grade level 

groups; (a) pre-kindergarten through second grade, (b) third grade through fifth grade, (c) 

sixth grade through eighth grade, and (d) grades ninth through twelfth.  By selecting these 

five sources of standards, I completed the first cycle of coding.   

 Included in the standards reviewed were K-12 United States Computer Science 

Framework, Computer Science For All, International Standards for Computer Science 

Educators, Common Core, and Computer Science Teachers Association Standards.  I 

selected standards based on those developed by organizations within the United States 

and those identified as professional groups.  I reviewed standards from these sources for 

the years 2007-2017.  Computer science standards were first established in the United 

States in correlation with the common core standards, prior to that computer science and 

coding were only included as an elective in the high school.  The following standards 
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were reviewed, but not included in the data analysis due to either the scope of the 

standards, the research behind the standards, or the date of the most recent update of the 

standards, National Math and Science Initiative, Next Generation Science Standards and 

K-12 Framework for Computer Science Education.   

As indicated in Table 8 of Appendix F, the following 34 clusters of meaning were 

identified and assisted in determining the selection of my data sources because of the 

significant words.  Those clusters included; (a) networks, N=7; (b) coding/programming, 

N=5; (c) collaborator, N=2; (d) communication, N=2; (e) computational thinker, N=2; (f) 

cross-curriculum integration, N=2; (g) data and analysis, N=2; (h) decoding, N=2; (I) 

digital citizen, N=2; (J) innovator designer, N=2; (k) predicting/inferring, N=2; (l) 

sequencing, N=2; and (m) writing, N=2.  The standards that I did select had all of these 

clusters in common and that is why I chose the standards that I selected and analyzed.  

Cycle 2: Selection procedures for individual standards analysis 

 To examine the individual standards, I created a matrix of key codes, to search 

for within the standards.  Using the key words discovered in the Cycle 1 analysis, I 

narrowed down to the following words; coding, programming, reading, writing, 

comprehension, decoding, vocabulary development, fluency, sequencing skills, and 

systems of understanding.  As I reviewed each set of standards, I searched for the 

concepts of coding/programming as a required standard in the curriculum, and I looked 

for any cross-curricular connections in the standards.  Once these terms were categorized 

and recorded on the matrix, the second cycle of coding was complete. 
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Cycle 3: Individual curriculum standards analysis 

Standards 1: Computer Science Teachers Association.  The standards produced 

by the Computer Science Teachers Association from 2017 were organized in grade level 

groups; K-2, 3-5, 6-8, 9-10, and 11-12.  In Table 8 of Appendix F, it is noted that the 

standards were coded for significant words, clusters, and themes that emerged from each 

set of standards.  In each grade level category, the standard was broken down into 

concept, sub-concept, and practice.  The categories consisted of; computing systems, 

networks and the internet, data and analysis, algorithms and programming, and impacts 

of computing.  Many skills included in language arts concepts taught in the early grades 

coincide with skills that are incorporated into the standards that I reviewed. 

The Computer Science Teachers Association Standards contained 120 pages of 

standards from kindergarten through 12th grade.  The standards were separated into five 

categories and varied in number depending on the grade level.  The concepts included 

based on their frequencies of occurrences: algorithms and programming, N=55; impacts 

of computing, N=21; computing systems, N=14; data and analysis, N= 15; networks and 

the Internet, N=13.  The cluster groups that I identified in order to determine the themes 

were, algorithms and programming, N=55; impacts of computing and computing 

systems, N=35, data and analysis, N=15, networks and the Internet, N=13. 

Cluster Themes for First Identified Set of Standards 

Algorithms and programming.  Algorithms and programming as a category of 

the standards appeared in all grade levels.  The frequency count for algorithms and 

programming appearing in the standards from Computer Science Teachers Association 

was N=55.  As I reviewed the standards for each grade level, algorithms and 
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programming appeared multiple times at each grade level grouping.  The overarching 

theme of in K-2 focused on sequencing and how important it is to understand that steps 

must take place in a particular sequence in order to work properly.  The algorithms and 

programming standards expectations begin to develop more complexity in grades 3-5.  

Students are expected to create programs that use variables to store and modify data as 

well as programs that include sequences, events, loops, and conditionals.  Students are 

expected to create and clearly name variables that represent different data types and 

perform operations on their values.  In grades 9-10 standards address objectives that ask 

students to create prototypes that use algorithms to solve computational problems by 

leveraging prior student knowledge and personal interests.   

Impacts of computing and computing systems.  The next theme which emerged 

from the cluster groups of impacts of computing and computing systems (N=35).  This 

exemplifies the frequency count of computing and computing systems in the Computer 

Science Teachers Association standards. Examples of this theme were found in standards 

that supported the beginning steps of learning computing systems and computing starts in 

the kindergarten through second grade standards.  As part of the computing systems 

standards for 3-5 grades students are taught how computer software and hardware work 

together as a system to accomplish tasks, and they are expected to determine potential 

solutions to solve simple hardware and software problems using common troubleshooting 

strategies.  In grades 6-8 for the computing systems standards, students are required to 

recommend improvements to the design of computing devices, based on an analysis of 

how users interact with the devices.  As students enter high school the category of 

computing systems becomes more focused on explaining and comparing levels of 
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abstraction and interactions between application software, system software, and hardware 

layers.   

Networks and the Internet.  Based on the frequency counts, the theme emerged 

from the cluster groups of networks and the Internet (N=13).  Language in the standards 

such as passwords, the purpose of passwords and why we use strong passwords to protect 

devices and information from unauthorized access is taught in K-2 exemplifies the 

frequency count of networks and the Internet in the Computer Science Teachers 

Association standards.  Additionally, language about the importance of keeping login 

information private, and how to log off of devices appropriately was included.  In grades 

3-5, for the category of networks and the Internet, students begin to model how 

information is broken down into smaller pieces, transmitted as packets through multiple 

devices over networks and the Internet, and reassembles at the destination.  That theme 

continues in grades 6-8 where students are expected to explain how physical and digital 

security measures protect electronic information, as well as explain the role of protocols 

in transmitting data across networks and the Internet.  In 11-12 grades the complexity of 

how issues impact network functionality (e.g., bandwidth, load, delay, and topology) are 

explored.   

Data and analysis.  The theme emerged from the cluster groups of data and 

analysis (N=15).  This exemplifies the frequency count of data and analysis in the 

Computer Science Teachers Association standards.  The basic steps on how to store, 

copy, search, retrieve, modify and delete information using a computing device are taught 

in K-2 grades.  In the upper level elementary grade levels, students begin to organize and 

collect data visually to highlight relationships and support a claim, propose cause-and-
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effect relationships, predict outcomes, or communicate an idea.  In 6-8 grades in the 

category of data and analysis, students are expected to represent data using multiple 

encoding schemes and use computational tools and transform data to make it more useful 

and reliable.  Before students exit high school, they should be able to use data analysis 

tools and techniques to identify patterns in data representing complex systems and select 

data collection tools and techniques to generate data sets that support a claim or 

communicate information.  

Core themes for Standards 1: Computer Science Teachers Association  

   The terms of frequency, algorithms and programing appeared the most across 

the standards, N=55.  Algorithms and programming appeared in all grade level standards 

and increased with complexity from one grade to the next.  One of the overall themes that 

emerged from analyzing Computer Science Teachers Association’s standards was the 

idea of learning about the interworking’s of a computer, a network, and how the skills 

necessary to program a computer are all intertwined into the field of computer science.  

The second overarching theme that emerged from the Computer Science Teachers 

Association standards was that all students need to learn computer science across all 

grade levels and age groups.  In total 118 clusters of meaning were identified in the 

Computer Science Teachers Association standards.   

Cluster Themes for Second Identified Set of Standards 

Standards 2: The Common Core Standards.  The Common Core Standards 

were developed by the National Governors Association (NGA) and the Council Chief 

State School Officers Association (CCSSO) of the United States.  Table 8 (Appendix F), 

illustrates the standards coded for significant words, clusters, and themes that emerged 
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from each set of standards.  These two groups-initiated feedbacks from multiple 

professional, vetted teacher organizations, content experts, state leaders and the general 

public.  The CCSSO and NGA specified that the standards are; (1) research and evidence 

based, (2) aligned with college and work expectations, (3) rigorous, and (4) 

internationally benchmarked.  The standard was only included in the document if its 

mastery was essential for college and career readiness for the 21st century in a globally 

competitive society.  The skills of conducting research and the ability to consume and 

produce various modes of media are embedded into every aspect of the Common Core 

Standards. 

The standards are divided into two categories: college and career readiness 

standards and K-12 standards.  In the K-12 Standards there is a section on digital literacy 

categories.  Included in the digital literacy skills are the same verbs used in the language 

arts standards; create, edit and format text, evaluate, decompose, code, program, 

communicate ideas, and develop and evaluate multimedia presentations with proper 

citations and grammar to exchange ideas.  These particular skills were extracted from the 

K-5th grade digital literacy categories since they coincide the best with developmental 

early literacy skills.  The skill standards are divided into three categories and five sub 

categories.  The main categories are;  

1. Demonstrate proficiency in the use of computers and applications as well as 

an understanding of the concepts underlying hardware, software and 

connectivity. 

2. Demonstrate the responsible use of technology and an understanding of ethics 

and safety issues in using electronic media at home, in school and in society. 
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3. Demonstrate the ability to use technology for research, critical thinking, 

decision making, communication and collaboration, creativity and innovation.   

The categories consist of an understanding of; spreadsheets (tables/graphs and 

charts), multimedia and presentation tools, acceptable use, copyright and plagiarism, 

research and gathering information, and communication and collaboration.  The standards 

are delineated within each grade level as either introduced, reinforced, mastered, or 

optional.  Under the category for spreadsheet (tables/charts and graphs), N=17; 

multimedia and presentation tools results were as follows, N=13; acceptable use, 

copyright, and plagiarism, N=21; research and gathering information the following 

results were noted, N=28; and communication and collaboration; N=22. The overall 

clusters that formed the themes include, spreadsheets, N=17; media and presentation 

tools, N=13, acceptable use, copyright, and plagiarism, N=21, research and gathering 

information, N=28, and communication and collaboration, N=22. 

Cluster Themes for Second Identified Set of Standards 

Spreadsheet (tables/charts and graphs).  The theme emerged from the cluster 

groups of spreadsheets which included tables, charts and graphs, (N=17).  This 

exemplifies the frequency count of spreadsheet related standards within the Common 

Core. All skills/standards presented in this section build in complexity from one grade 

level to the next.  Students should be able to identify and explain terms and concepts 

related to spreadsheets (i.e. cell, column, row, values, labels, chart graph), and also 

enter/edit data in spreadsheets and perform calculations using formulas.  In addition, 

students are expected to be able to use spreadsheets and other applications to make 

predictions, solve problems and draw conclusions.  
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Multimedia and presentation tools.  The theme emerged from the cluster groups 

of multimedia and presentation tools, (N=13).  This exemplifies the frequency count of 

multimedia and presentation standards within the Common Core.  The introduction of 

multimedia and presentation skills begins in kindergarten.  Students are expected to 

create, edit and format text on a slide through grade 5.  Beginning in 6th grade students 

are expected to create a series of slides and organize them to present research or convey 

an idea.  Throughout this building of skills, students are expected to copy and paste 

graphics, change the size and position of graphics on a slide, use painting and drawing 

tools/applications to create and edit work, and learn how to watch age appropriate videos 

on line.  

Acceptable use, copyright and plagiarism . The theme emerged from the cluster 

groups of acceptable use, copyright and plagiarism, (N=21).  This exemplifies the 

frequency count of acceptable use, copyright, and plagiarism standards within the 

Common Core.  The concept of teaching acceptable use, copyright and plagiarism is also 

introduced in kindergarten.  These standards all align under the topic of digital 

citizenship.  By 6th grader the focus, safety on the computers expands.  Standards address 

cyberbullying and strategies for dealing with cyberbullying situations and recognizing 

and describing the potential risks and dangers associated with various forms of online 

communications.  

Research and gathering information.  The theme emerged from the cluster 

groups of research and gathering information, (N=28).  This exemplifies the frequency 

count of research h and gathering information related standards within the Common 

Core.  Research and gathering information standards are also introduced in kindergarten.  
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The standards address using age appropriate technologies to locate, collect, and organize 

content from media collection for specific purposes, and citing resources.  Kindergarten 

students are also introduced to evaluating teacher-selected or self-selected Internet 

resources in terms of their usefulness for research.  By the end of 5th grade students 

should be able to perform basic searches on databases to locate information, use content 

specific technology tools to analyze and gather data, and also appropriately use web 2.0 

tools to gather and share information.  

Communication and collaboration.  The theme emerged from the cluster groups 

of communication and collaboration, (N=22).  This exemplifies the frequency count of 

communication and collaboration related standards within the Common Core.  The 

category groups of standards for communication and collaboration are introduced in 1st 

grade.  Skills expected to be mastered by the end of 5th grade include working 

collaboratively online with other students, using a variety of technologies to 

communicate and exchange ideas, and use teacher developed guidelines to evaluate 

multimedia presentations for organization, content, design, presentation and 

appropriateness of citations.  In addition, students are expected to create projects that use 

text and various forms of graphics, audio, and video to communicate and exchange ideas.  

Core themes for standards 2: Common Core State Standards K-12.  Across all 

of the standards is the theme of communication and working together to accomplish 

presentation projects.  In addition, the second overarching theme revolved around 

students being expected to present, organize, and analyze data.  In terms of frequency, 

research and gathering information appeared the most in the Common Core Standards, 

N=28.  In total 101 clusters of meaning were identified in the Common Core standards.  
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Standards 3: Code.org.  Code.org was launched in 2013, by two brothers of 

Iranian-American descent, Ali Partovi and Hadi Partovi.  It started as a non-profit group 

focused on making computer programming more accessible and creating a database of all 

computer science classrooms in the United States (Code.org, 2013).  Today the 

organization is still non-profit and dedicated to expanding access to computer science in 

schools and increasing the participation by women and minorities in the field of computer 

science.  The vision for Code.org is that every student in every school has the opportunity 

to learn computer science.  In addition, Code.org increases diversity in computer science 

by reaching students of all backgrounds where they are- at their skill level, and in their 

schools.  Code.org (2013) provides the leading curriculum for K-12 computer science in 

the largest school districts in the United States (Code.org, 2013).  The standards are 

grouped in courses A-F; starting with kindergarten and advancing through 5th grade.  The 

content of these courses ranges from approximately 12 lessons in A & B, to almost 20 

lessons in course F, with additional lessons available on the Code.org website to support 

further learning of specific concepts.  The standards across the courses A-F consisted of 

the following categories; digital citizenship, N=5; events, N=4; loops, N=4; sequencing, 

N=4; conditionals, N=3; copyright and creativity, N=2; nested loops, N=2; binary, N=1; 

debugging, N=1; functions, N=1; and while/until loops, N=1. In Table 8 (Appendix F) 

illustrates standards were coded for significant words, clusters, and themes that emerged 

from each set of standards.  The clusters that emerged to form the themes from this set of 

standards include, digital citizenship, copyright and creativity, N=7, events, loops, nested 

loops, while/until loops, conditionals and binary, N=15, and sequencing, functions and 

debugging, N=6. 
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Cluster Themes for Third Identified Set of Standards 

Digital citizenship, copyright and creativity.  The theme emerged from the cluster 

groups of digital citizenship, copyright and creativity, (N=7).  This exemplifies the 

frequency count of digital citizenship, copyright and creativity related standards within 

Code.org.  In the Code.org standards digital citizenship appears in all five courses which 

span from kindergarten through fifth grade.  Copyright is a critical concept that students 

need to learn at an early stage in their educational careers.  This skill is directly taught in 

grades one and five through the Code.org standards.  

Events, Loops, Nested Loops, While/Until Loops, Conditionals and Binary.  The 

theme emerged from the cluster groups of events, nested loops, while/until loops, 

conditionals and binary, (N=15).  This exemplifies the frequency count of events, nested 

loops, while/until loops, conditionals and binary related standards within Code.org.  

Events are considered to be those standards that are taught “unplugged”, (not directly on 

the computer).  The introduction of basic loops is located in the standards for 

kindergarten, first and second.  In the upper level elementary standards students learn 

about nested loops and also requires them to use functions in new ways by combining 

them with while loops and if/then statements.   Conditionals do not appear in the 

standards until grades 3, 4, and 5.  The concept of conditionals refers to learning the 

implication of “while” loops, “until” loops, and “if/else” statements when creating code.  

In reference to binary images this means that students are taught how a computer can 

store complex information (such as photos and colors) in binary.   

Sequencing, Functioning and Debugging.  The theme emerged from the cluster 

groups of sequencing, functioning, and debugging, (N=6).  This exemplifies the 
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frequency count of sequencing, functioning and debugging related standards within 

Code.org.  The skill of sequencing appears again in this Qualitative Content Analysis 

within every group of standards proposed by Code.org.  Through natural patterns of 

development, sequencing is embedded in the computer science standards.  

Programming/coding requires a specific sequence in order to initiate a command.  

Students should be able to identify when a program is not working correctly and apply 

different algorithms to correct the problem.  In addition, students must be able to 

recognize the functions of a program and understand how they are interconnected. 

Core themes for standards 3: Code.org.  The vision of Code.org is that every 

student in every school has the opportunity to learn computer science.  In total 28 clusters 

of meaning were identified in the Code.org standards.  The cluster of events, loops, 

nested loops, while/until loops, conditionals and binary, (N=15) appeared the most across 

the standards.  The overarching theme that emerged from the Code.org standards was for 

students to be able to manipulate the programming of a computer through the necessary 

skills required. 

Standards 4: K-12 Computer Science Framework.  In the United States, the K-

12 Computer Science Framework published by the federal government provides a 

broader view.  This document is organized by digital literacies expected to be mastered 

by the end of 2nd grade, by the end of 5th grade, by the end of 8th grade and finally, by the 

time a student graduates from high school.  For this framework, the standards are referred 

to as concepts and those concepts are separated into categories: computing systems, 

networks and the internet, data and analysis, algorithms and programming, and impacts 

of computing.  As with the other standards reviewed, many of the concepts coincide with 
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the necessary steps in reading and writing proficiency.  Table 8 (Appendix F) illustrates 

the standards were coded for significant words, clusters, and themes that emerged from 

each set of standards. 

Also included in the United States K-12 Computer Science Framework, are 

requirements for students to learn the concepts of system relationships and inferencing.  

In previous standards those skills are assumed, but they are directly identified in the K-12 

Computer Science Framework.  The clusters of meaning for the US K-12 Computer 

Science Framework include, algorithms and programming, N=20; data and analysis, 

N=16; computing systems, N=12; impacts of computing N=12 and networks and the 

internet, N=8.  The core practices consist of:  

1.  Fostering an inclusive computing culture 

2. Collaborating around computing 

3. Recognizing and defining computational problems 

4. Developing and using abstractions 

5. Creating computational artifacts 

6. Testing and refining computational artifacts 

7. Communicating about computing 

The concepts/standards are broken down by expectations for the end of each  

grade level beginning in second grade.  All five overarching concepts are included at 

various levels of complexity by the end of 2nd grade, by the end of 5th grade, by the end of 

8th grade and by the end of 12th grade. 
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Cluster Themes for Fourth Identified Set of Standards  

Algorithms and programming.  Learning about algorithms and programming 

(N=20) was the most common cluster of meaning extracted from the K-12 Computer 

Science Framework.  This section of the standards is divided into five categories; 

algorithms, variables, control, modularity, and program development.  The basic 

understanding of algorithms begins in 2nd grade, students are presented with the concept 

that people follow and create processes as part of daily life, and many of these processes 

can be expressed as algorithms that computers can follow.  That concept extends to 12th 

grade where students are expected to comprehend that people evaluate and select 

algorithms based on performance, reusability, and ease of implementation.   

Data and analysis.  The second largest theme emerged from the cluster groups of 

data and analysis (N=16).  Data and analysis standards include four sub concepts; 

collection of data, storage of data, visualization and transformation, and inference and 

models.  The skills learned under this heading are extensive.  For collection students 

begin learning that everyday digital devices collect and display data over time and that 

the collection and use of data about individuals and the world around them is a routine 

part of life.  That understanding of collection extends until students get to 12th grade and 

they are expected to understand that data is constantly collected or generated through 

automated processes that are not always evident, raising privacy concerns. 

Computing systems.  Through the analysis process, the second largest theme 

discovered indicated that an important skill required is to have knowledge of computing 

systems (N=12). An example of this theme can be found in all grade levels.  By the end 

of second grade, students are expected to understand computing systems.  In 5th grade 
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students are required to understand how computing devices may be connected to other 

devices or components to extend their capabilities and also understand that these devices 

can take many forms, such as physical or wireless.  Students should know that hardware 

and software work together as a system to accomplish tasks, such as sending, receiving, 

processing and storing units of information as bits.  The complexity of computing devices 

and how they are often integrated with other systems, including biological, mechanical, 

and social systems is an expected objective to achieve by the end of 12th grade.  

Impacts of computing.  The theme of impacts of computing yielded a frequent 

cluster of meaning (N=12).  The three concepts addressed in the standards about the 

impacts of computing include; culture, social interactions, and safety, law, and ethics.  In 

2nd grade students learn that computing technology has positively and negatively changed 

the way people live and work.  Computing devices can be used for entertainment and as 

productivity tools, and they can affect relationships and lifestyles.  The possibility of 

harmful behaviors, such as sharing private information and interacting with strangers is 

also introduced.  By the time students complete 12th grade, students are looking at the 

design and use of computing technologies and how artifacts can improve, worsen, or 

maintain inequitable access to information and opportunities.   

Networks and the Internet.  The clusters of meaning with the fewest frequencies 

found in the K-12 Computer Science Standards included networks and the Internet 

(N=8).  The two categories under the heading Networks and the Internet are network 

communication and organization and also cybersecurity.  By the end of 2nd grade students 

should understand how computer networks can be used to connect people to other people, 

places, information and ideas, and gain an understanding that the Internet enables people 
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to connect with others worldwide through many different points of connection.  

Cybersecurity is introduced in 2nd grade and students learn that connecting devices to a 

network or the Internet provides a great benefit, but care must be taken to use 

authentication measures, such as strong passwords, to protect devices from unauthorized 

access.  By the end of 5th grade students should know that information needs a physical 

path to travel to be sent and received, and that some paths are better than others.  By the 

end of 12th grade students learn about network topology and how many devices can be 

supported.   

Core themes for standards 4: K-12 Computer Science Framework.  For this 

framework, the standards are referred to as concepts and those concepts are separated into 

sub-categories: computing systems, networks and the internet, data and analysis, 

algorithms and programming, and impacts of computing.  The core concepts for the US 

K-12 Computer Science Framework includes; computing systems, networks and the 

Internet, data and analysis, algorithms and programming, and impacts of computing.  The 

overarching theme for the K-12 Computer Science Framework is for students to be 

knowledgeable and competent in the interworking’s of computers, computer systems and 

how algorithms and programming interact with the computer.  In total 68 clusters of 

meaning were identified in the K-12 Computer Science Framework standards. 

Standards 5: International Society for Technology in Education.  The final set 

of standards reviewed were those developed by the International Society for Technology 

in Education (ISTE).  The ISTE is a community of global educators who believe that 

technology has the power to transform teaching and learning, accelerate innovation, and 

solve problems in education (ISTE.org,1979).  The vision for ISTE is that all educators 
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are empowered with the skills necessary to accelerate innovation in teaching and learning 

and inspire learners to reach their greatest potential through incorporating technology into 

all classrooms.  The standards identified by ISTE include empowered learner, digital 

citizen, knowledge constructor, innovative designer, computational thinker, creative 

communicator, and global collaborator.  ISTE has a different vision for technology in 

education.  Based on a frequency count, the overall standards divided into 6 categories 

and threaded through all of the clusters of meaning are communication and collaboration, 

N=10; critical thinking, problem solving, and decision making, N=10, research and 

information fluency, N=7; creativity and innovation, N=5, digital citizenship, N=5; and 

technology operations and concepts, N=4.  Table 8 (Appendix F) illustrated that the 

standards were coded for significant words, and clusters, of meaning.  In total there were 

41 clusters of meaning identified in the ISTE standards.  The standards from ISTE are not 

divided by grade levels like the others.  The ISTE standards are intended to guide 

curriculum mapping, lesson design, professional learning, school technology planning, 

school improvement planning, teacher preparation, and national policy.  These standards 

also are intended to correlate with the United States Common Core plan.  

Cluster Themes for Fifth Identified Set of Standards  

Communication and collaboration.  One of the most common clusters of 

meaning extracted from the Common Core standards was communication and 

collaboration (N=10).  A common thread identified throughout the communication and 

collaboration thread encourages the development of students’ skills to build networks and 

customize their learning environments to support the learning process.  Students are also 

expected to communicate complex ideas clearly and effectively by creating or using a 



99 

 

variety of digital objects such as visualizations, models or simulations.  The goal is for 

students to publish or present content that customizes the message and medium for a 

variety of audiences.  In the area of communication, students should be able to contribute 

constructively to project teams, assume various roles and responsibilities to work 

effectively towards a group goal. 

Critical thinking, problem solving, and decision making.  The other most 

common theme emerged from the cluster groups of critical thinking, problem solving, 

and decision making (N=10).  Within the category of critical thinking, problem solving 

and decision making the skills revolve around becoming an innovative designer, 

computational thinker, and global collaborator.  The theme of innovative designer 

represents what should know and use to design a process for generating ideas, testing 

theories, creating innovative artifacts and/or solving authentic problems.  Students should 

also be able to select and use digital tools to plan and manage a design process that 

considers design constraints and calculates risks, as well as develop, test and refine 

prototypes as part of a cyclical design process.  Under the topic of computational thinker, 

students are required to formulate problem definitions suited for technology-assisted 

methods such as data analysis, abstract models and algorithmic thinking in exploring and 

finding solutions. 

Research and information fluency.  The cluster theme of research and 

information fluency (N=7) are part of the expectation to be constructors of knowledge, 

computational thinkers, and creative communicators.  Expectations for students are for 

them to be able to plan and employ effective research strategies to locate information and 

other resources for their intellectual and creative pursuits.  In addition, students are 
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expected to evaluate the accuracy, perspective, credibility and relevance of information, 

media, data and/or other resources.  Students should curate information from digital 

resources using a variety of tools and methods to create collections of artifacts that 

demonstrate meaningful connections and conclusions.  

Creativity and innovation.  Creativity and innovation (N=5) theme spans across 

the themes of innovative designer and creative communicator.  Students should know and 

use a deliberate design process for generating ideas, testing theories, creating innovative 

artifacts and solving authentic problems.  In addition, students should communicate 

clearly and express themselves creatively for a variety of purposes using the platforms, 

tools, styles, formats and digital media appropriate for their goals. 

Digital citizenship.  One of the clusters of meaning with the fewest frequencies 

found included digital citizenship (N=5).  In the field of digital citizenship, the idea is for 

students to be able to articulate and set personal learning goals, develop strategies 

leveraging technology to achieve them, and reflect on the learning process itself to 

improve learning outcomes.  Using technology to seek feedback that informs and 

improves their practice and also demonstrates their learning in a variety of ways is 

another expectation of digital citizenship.  

Technology operations and concepts.  The cluster of meaning with the fewest 

frequencies was technology operations and concepts (N=4).  Technology operations and 

concepts consists of students knowing and understanding the fundamental concepts of 

technology operations, demonstrating the ability to choose, use and troubleshoot current 

technologies, and transferring their knowledge to explore emerging technologies.  
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Core themes for standards 5: International Society for Technology in 

Education.  The standards identified by ISTE include empowered learner, digital citizen, 

knowledge constructor, innovative designer, computational thinker, creative 

communicator, and global collaborator.  ISTE has a different vision for technology in 

education.  At their core, the ISTE standards are about pedagogy, not tools.  The 

standards emphasize the ways that technology can be used to amplify and transform 

teaching and learning.  The ISTE standards focus on skills that support students as they 

become agentic, future-focused and adaptable.  In total 41 clusters of meaning were 

identified from the ISTE standards, N=10; critical thinking, problem solving, and 

decision making, N=10, research and information fluency, N=7; creativity and 

innovation, N=5, digital citizenship, N=5; and technology operations and concepts, N=4.  

Cycle 4: Summarizing the Composite Theories that Emerged from Data Source 2.  

I reviewed five sets of standards from different sources all developed in the 

United States.  Multiple commonalities emerged across all frameworks.  Reading, 

writing, and coding/programming have similar developmental steps.  In order to read and 

write an individual must be able to identify letters, symbols, and sounds of letters.  The 

same method exists for coding/programming on the computer, an individual must be able 

to identify needed lines of code and how to order the letters and symbols in order to make 

the computer “do” what the programmer wants it to do.  Presented below is a review of 

the core themes findings for each set of standards.  

Computer Science Teachers Association Standards.  The terms of frequency, 

algorithms and programing appeared the most across the standards, N=55.  Algorithms 

and programming appeared in all grade level standards and increased with complexity 
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from one grade to the next.  One of the overall themes that emerged from analyzing 

Computer Science Teachers Association’s standards was the idea of learning about the 

interworking’s of a computer, a network, and how the skills necessary to program a 

computer are all intertwined into the field of computer science.  The second overarching 

theme that emerged from the Computer Science Teachers Association standards was that 

all students need to learn computer science across all grade levels and age groups.  In 

total 118 clusters of meaning were identified in the Computer Science Teachers 

Association standards.   

Common Core Standards.  The skills of conducting research and the ability to 

consume and produce various modes of media are embedded into every aspect of the 

Common Core Standards.  The standards are divided into two categories:  the college and 

career readiness standards and the K-12 standards.  Across all of the standards is the 

theme of communication and working together to accomplish presentation projects.  In 

addition, the second overarching theme revolved around students being expected to 

present, organize, and analyze data.  

Code.org Standards.  Across all of the standards is the theme of communication 

and working together to accomplish presentation projects.  In addition, the second 

overarching theme revolved around students being expected to present, organize, and 

analyze data. In terms of frequency, research and gathering information appeared the 

most in the Common Core Standards, N=28.  In total 101 clusters of meaning were 

identified in the Common Core standards.  

K-12 Computer Science Standards Framework.  For this framework, the 

standards are referred to as concepts and those concepts are separated into sub-categories: 
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computing systems, networks and the internet, data and analysis, algorithms and 

programming, and impacts of computing.  The core concepts for the US K-12 Computer 

Science Framework includes; computing systems, networks and the Internet, data and 

analysis, algorithms and programming, and impacts of computing.  The overarching 

theme for the K-12 Computer Science Framework is for students to be knowledgeable 

and competent in the interworking’s of computers, computer systems and how algorithms 

and programming interact with the computer.  In total 68 clusters of meaning were 

identified in the K-12 Computer Science Framework standards. 

International Society for Technology in Education  The standards identified by 

ISTE include empowered learner, digital citizen, knowledge constructor, innovative 

designer, computational thinker, creative communicator, and global collaborator.  ISTE 

has a different vision for technology in education.  At their core, ISTE standards are 

about pedagogy, not tools.  The standards emphasize the ways that technology can be 

used to amplify and transform teaching and learning.  The ISTE standards focus on skills 

that support students as they become agentic, future-focused and adaptable.  In total 41 

clusters of meaning were identified from the ISTE standards, N=10; critical thinking, 

problem solving, and decision making, N=10, research and information fluency, N=7; 

creativity and innovation, N=5, digital citizenship, N=5; and technology operations and 

concepts, N=4.  

Overarching Themes from Data Source 2 

In order to narrow down the overarching themes from each set of standards down 

to a summary of the themes from Data Source 2, I reviewed the themes from each set of 

standards by writing the themes on index cards and sorting them into categories.  I then 
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categorized the themes.  After sorting once, then sorting again I had determined the 

overarching ideas from each, I then determined the five overarching themes from the five 

set of standards.  The five overarching themes are; understanding the interworking’s of 

computers, networks and skills necessary to program, students of all ages need to learn 

computer science, students need to learn how to design and present multimedia projects, 

and students need to learn how to organize, and analyze data.  In analyzing the 

overarching themes from all five set of standards examined I discovered the following, 

interworking’s of computers, N=5; coding/programming, N=5; 

presentations/communication skills, N=4; reading and writing skills, N=3; and analyzing 

data, N=3. In total there were 356 clusters of meaning identified in Data Source 2, 

standards.  In the final analysis of the five sets of standards in Data Source 2 and based 

on the data presented, the message that these five sets of standards are saying is that 

many computer science skills are often interwoven with skills taught in other subject 

areas, for example, organizing and analyzing data, multimedia presentations, and basic 

computer skills.  

Data Analysis of Data Source 3: Websites that Teach Coding/Programming 

Cycle 1: Sample selection websites  

For the third data source, websites that teach grade level students to 

code/program, were reviewed.  My selection criteria were based on websites that were 

currently up and operating, websites that had a variety of methods for teaching coding, 

and also websites that were kid friendly as well as appropriate for older grade level 

students.  Websites that used advanced language skills that required students to have a 

strong foundation in computer science vocabulary were not included in this analysis.  
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Also, websites that were difficult to navigate and access the coding lessons, were also 

eliminated.  Most websites that teach coding are either geared towards children or adults.  

Before an individual can begin to access a website that teaches coding/programming, he 

must be able to search and find the website.  I began to navigate through the instructions 

on each website for a basic beginner level coder.  I selected websites for this study based 

on those that were for students in grade levels K-12.  I also selected websites based on 

how inviting they were for children, for example; colorful, childlike animations, level of 

vocabulary in the lessons, and ease of accessing the lesson.  The websites selected have 

been vetted in research and created for students. 

Programming languages changed significantly between 2007-2017, therefore the 

websites that taught coding and were selected for inclusion in my study were addressed 

differently than the journals and standards that were selected for inclusion in the study.  

Not only have the programming languages themselves changed, but the way individuals 

learn how to code, where they learn how to code, and why they learn to code has 

changed.  I could not go back and specifically dissect earlier websites because they no 

longer existed.  The skill of teaching individuals the art of programming/coding through a 

website did not become popular until more recently, specifically within the last five 

years.  My criteria for inclusion included websites that taught individuals of a variety of 

age levels and skill levels how to code, the ease of learning and implementing a coding 

exercise, and the ease of which the website was accessible and user friendly.  I reviewed 

a total of eight websites that teach coding which included Code Academy, Code 

Avengers, Code.org, Coursera.org, CSunplugged, edx.org, Kahn Academy, and 2 Simple 

to code. I did not select Code Avengers due to the fact that in order to access the lessons a 
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user was required to pay a $25.00 yearly subscription fee.  I wanted to review coding 

websites that were free for students to access.  I also considered including Coursera.org 

and edx.org, but when I explored the websites more closely, I determined that the lessons 

were for adult learners and college level students.  The other excluded website from my 

original list was Kahn Academy.  I chose not to include Kahn Academy because coding 

lessons represented a small section of the lessons on this website.  The majority of the 

lessons were focused on teaching reading, writing, math and specific high school level 

subject courses.  The Websites selected from the cycle 1 reduction process were 

Code.org/ Hour of Code, Code Academy, 2 Simple to code, and CSunplugged (Computer 

Science unplugged).  I selected these four websites because they all focused exclusively 

on teaching coding skills and all of the lessons were at an appropriate instructional level 

for kindergarten through 12th grade students.  

Cycle 2: Analysis Procedures of Websites 

The three coding cycles for the websites included reviewing for significant words, 

searching for clusters of meaning, and theme statements that could develop into theories.  

In order to identify the words for coding, I, first, needed to determine the method that 

each site used to instruct students in learning to code.  Since the third data source was 

websites, it was clear that the learner must have access to a computer as well as have 

basic reading and writing skills mastered in order to access one of the coding programs.  

As I worked my way through each of the four websites, I noted the necessary 

preliminary skills required in order to progress through the modules which resulted in the 

codes used to direct the next cycle of analysis.  In Table 9, (Appendix G), the clusters of 

meaning embedded within each the four websites are identified.  The following 
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significant words emerged from the reviewed websites resulting in a total of 29:  (a) 

programming/coding, N=5; (b) sequencing, N=4; (c) decoding, N=3; (d) debugging, 

N=3; (e) writing, N=3; (f) inferencing, N=2; (g) predicting, N=2; (h) publishing, N=2; (I) 

reading, N=2; (J) web development, N=2; and (K) binary numbers, N=1.  

The breakdown per website is as follows: Code.org website, N=8; 2SimpletoCode 

website, N=8; Code Academy, N=7; and CSunplugged, N=6. The next section addresses 

the individual website analysis.  

Cycle 3: Individual Website Analysis 

Website 1: Code.org.  The first website explored and the website with the largest 

number of clusters of meaning based on frequency was Code.org (N=91).  This website 

offers a variety of coding lessons for students at various levels of expertise.  First, there is 

a course labeled for pre-readers (ages 4-8).  These lessons take students through videos 

where the act of coding and debugging are explained with animation.  Code.org was 

launched in 2013, by two brothers of Iranian-American descent, Ali Partovi and Hadi 

Partovi.  It was started as a non-profit group focused on making computer programming 

more accessible and creating a database of all computer science classrooms in the United 

States (Code.org, 2013).  Code.org (2013) provides the leading curriculum for K-12 

computer science in the largest school districts in the United States (Code.org, 2013).  

The standards are grouped in courses A-F, beginning at kindergarten and ending at the 

fifth grade.  Code.org also includes Express courses, which are more advanced lessons on 

coding for ages individuals between the 9-18 years old.  Specifically, on the Code.org 

website I reviewed the titles of the courses to determine clusters of meaning.  Using the 

clusters of meaning frequency counts were recorded in a matrix.  Due to the quantity of 



108 

 

weblinks within each website selected lessons were analyzed using conventional 

Qualitative Content Analysis to find emerging clusters of meaning.  Specifically, on the 

Code.org website I reviewed the titles of the courses to determine clusters of meaning.  

Within those titles I unveiled the following clusters of meaning; loops, N=28 ; 

sequencing, N= 19 ; digital citizenship, N= 10 ; conditionals, N= 7; sprites, N=7; events, 

N=6; functions, N=5; end of course project, N=4; binary, N=3; and impacts of 

computing, N=2.  In Table 9 (Appendix G) it is noted that each website was coded for 

significant clusters of meaning, and themes that emerged from each set of lessons.  The 

websites were so large and had multiple links and in order to interpret the data contained 

within each website I had to limit my review to the lessons that were easily accessible on 

the website.  In total N=91 clusters of meaning extracted from the Code.org website. 

Cluster Themes from Website 1: Code.org 

Loops, sequencing, digital citizenship and conditionals.  Loops (N=28) and sequencing 

(N=19).  These were the two topics that appeared with the most frequency in the coding 

lessons on Code.org.  The next most common topics that appeared in the Code.org 

website was digital citizenship (N=10) and conditionals (N=7). 

Sprites, events, and functions.  The second largest group of clusters of meaning included 

sprites (N=7), events (N=6), and functions (N=5).  This second group refers to lessons 

about how programming works and the interworkings of programming languages.  

End of course projects, binary numbers, and impacts of computing.  This group 

represents the smallest number of clusters of meaning included in the coding lessons on 

Code.org.  The smallest group consists of end of course projects, (N=4); binary numbers, 

(N=3); and impacts of computing, (N=2).  
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Core themes from website 1: Code.org . The overarching themes from website 1; 

Code.org include learning to program/code while producing a product such as a game, 

app, or picture.  The second overarching theme is that computer science is a critical skill 

for students to learn and the opportunity should be provided for all.  The total clusters 

identified from the Code.org website was N=91. 

Website 2: 2simple.com.  The second website explored and the website with the 

next to the largest number of clusters of meaning based on frequency was 2 simple.com, 

(N=57). The website, 2simple.com (N=57) is for beginning coders and readers.  The 

creator of 2simple.com’s mission is to create a space where children can be creative while 

using technology and tools that introduce them to desktop publishing, graphing and 

coding.  The company that created 2simple is based in the United Kingdom.  Today over 

90% of UK primary schools use 2simple software to implement simple coding lessons 

and programming to grade school students.  Purple Mash is the website for younger 

students, and it is full of educational tools, educational games a themed resource to 

introduce students to programming and coding.  Purple mash can be used as a class or for 

independent study.  It also has a section on the website where teachers can track a 

student’s progress on the courses.  The goal of 2simple is to take difficult concepts and 

make them accessible to children of all abilities.  2simple also has software available for 

preschool children that introduces them to coding.  Within the 2simple to code website I 

found 57 clusters of meaning; 2 logo, (N=13), 2 blog, (N=8), 2 code, (N=8), 2 animate, 

(N=5); 2 make designs, (N=6), 2 text, (N=6); 2 calculate, (N=4); 2 chart, (N=4);  and 2 

paint, (N=3).  Each cluster of meaning represents a group of lessons that were taught on 
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the website and the number of lessons for each.  I discovered the clusters of meaning by 

examining the courses offered on the website.  

Cluster Themes from Website 2: 2 Simple to Code 

2 Logo, 2 blog, and 2 code.  The largest number of clusters of meaning found in 

the website 2 simple.com include, 2 logo, (N=13); 2 blog, (N=8); and 2 code, (N=8).  The 

data represent the number of lessons for each topic that are on the website.  There are 

three sections that learners can navigate through on this website.  The first section by 

following the steps of a given code, children are able to create multi-media stories, paint 

pictures, or compose a multi-instrumental song.  Then the student can begin learning the 

different commands of saving, printing, deleting, and also using a mouse.  In the next 

section, titled “Code amazing programs” students are introduced to the beginning steps of 

learning to code.  By following the steps of a given code students are able to create 

simple coding activities and gradually move up to more complicated tasks such as 

creating a game or app. In the next section, students are taught step-by-step directions on 

how to publish a product on the computer. 

2 animate, 2 make (design), and 2 text.  The second largest cluster group 

includes; 2 animate, (N=5); 2 make, (N=6); and 2 text, (N=6). In this section, students are 

guided through publishing projects.  All three sections of this website require students to 

have the fundamental skills of reading, writing, sequencing, decoding, and predicting.  

The publishing projects section provides themed templates to create leaflets, postcards, 

brochures and other project type documents.  While students are creating these pieces, 

they are working on reading skills, writing skills, spelling, grammar, and sequencing.   
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2 calculate, 2 chart and 2 paint.  The last section on 2simple provides activities 

for students to participate in games which also practices key math and English skills in a 

fun and motivating way.  These clusters represent the smallest number of lessons on the 2 

simple.com website, 2 calculate, (N=4); 2 chart, (N=4); and 2 paint, (N=3). 

Core themes from website 2: 2simple.com.  The overarching theme for the 

2simple website is to teach students that through coding/programming they can produce a 

product either a document, a piece of art, a game, or an app.  The second overarching 

theme would be to exemplify how reading/writing and coding are interrelated in the skills 

required to do each one.  In total there were 57 clusters of meaning identified in the 2 

simple.com website. 

Website 3: Code Academy.com.  CodeAcademy.com exemplified N=46 clusters 

of meaning, which was the third highest number out of the websites explored. Code 

Academy is an education company.  The company is committed to “disrupt” the current 

way that schools work by changing the way things work in the classroom and by bringing 

classrooms online.  When someone first enters CodeAcademy.com, he will be asked to 

answer a series of questions which include his purpose for wanting to learn how to code 

(career, fun, school).  Code Academy was created by Zach Sims and Ryan Bubinski in 

August of 2011.  This website teaches coding to grade level students and continues with 

more difficult content for adult learners.  The subject areas that are included in Code 

Academy include; web development, programming, data science, partnerships and design.  

There are multiple skill paths that you can enter on Code Academy including; analyze 

data with python, analyze data with SQL, create a back-end app with javascript, create a 

front end app with react, getting started with machine learning, and learn how to build a 
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website.  These are all different types of programming languages that can be applied to 

coding.   

A learner can access the basic version of Code Academy for free and there is also 

an option to purchase a membership to Code Academy pro.  For this analysis the 46 free 

lessons were included.  For this analysis the topics of the lessons were used as clusters of 

meaning resulting in the following categories related to this study: computer science, 

(N=14); web development, (N=14); data science, (N=13); and code foundations, (N=5). 

These clusters of meaning appeared in each of the lessons on Code Academy.  The link to 

these 46 lesson plans can be found on Table 9 (Appendix G). 

Cluster Themes from Website 3: Code Academy 

Web development and computer science.  The two largest clusters of meaning 

represented on the Code Academy website include, web development, (N=14); and 

computer science, (N=14).  Through the Code Academy courses one can learn the steps 

necessary in order to design the simplest or the most elaborate webpage.  Courses offered 

include; Python, Javascript, and Vue.js. Students not only learn how to create a website 

but also how to correct errors and debug, how to test for web development issues, 

navigation design, and design techniques.  There is also a course on how to deploy a 

website onto the Internet.   

Date science and code foundations.  The second largest group and the final two 

clusters of meaning on the Code Academy website include; data science, (N=13); and 

code foundations, (N=5).  The courses that are included in the data science section are all 

about data, how to organize data, utilize data and interpret data.  Some examples would 

be learning statistics with Python, practical data cleaning, data analysis with Panda, data 
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visualization in Python, learning about linear data structures, and learning about complex 

data structures and how to manipulate them.   

Core themes from website 3: Code Academy.com.  The overarching theme for the 

website Code Academy is the application of reading and cognitive skills in order to learn 

various coding languages and applying those coding languages to the web design and 

development.  This website does not start out with basic programming, or the teaching 

the preliminary skills necessary in order to learn how to program/code.  The Code 

Academy website had N=46 clusters of meaning as the third website explored, Code 

Academy. 

Website 4: Csunplugged.org.  The last website examined that teaches coding was 

Computer Science Unplugged (csunplugged.org).  There were 46 total clusters of 

meaning found in the website Csunplugged.org.  The primary goal of the Unplugged 

Project is to promote computer science and computing in general, to young people as an 

interesting, engaging, and intellectually stimulating discipline.  Csunplugged is a 

collection of learning activities that teach computer science through engaging games and 

puzzles that use cards, string, crayons and a lot of physical movement.  The main 

principles that distinguish Csunplugged are; no computer is required, real computer 

science concepts, learning by doing, no specialized equipment is required, and stand-

alone activities.  The language and type of lessons change based on the country that the 

user is logging in from, which is asked at the initial log in on to the website.  The 

program is divided in to four sections of lessons; boost creativity, code amazing 

programs, inspire young writers, and engage with games.   There are five cluster themes 

that I discovered on the CSunplugged website, binary numbers, (N=6); searching 
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algorithms, (N=6); sorting networks, (N=4); kid bots, (N=4); and error detecting 

correction, (N=3).  Each count for the clusters of meaning represents the number of 

lessons on each topic included on the website CSunplugged. 

Cluster Themes from Website 4 

Binary numbers and searching algorithms.  Binary numbers, (N=6), and 

searching algorithms, (N=6) represents the largest number of clusters of meaning equally.  

In the lessons students are given challenges based on a few simple rules, and in the 

process of solving those challenges they uncover ideas on their own.  For example, 

instructional materials, such as games and puzzles use; cards, string, crayons, and 

physical activity to teach computer science.  With Computer Science Unplugged, learners 

do not need to have a computer.   

Sorting networks, kidbots and error detecting correction.  The clusters of 

meaning that represent the smaller number include, sorting networks, (N=4); kidbots, 

(N=4), and error detecting correction, (N=4).  All three clusters have the same amount of 

lessons included.  The learners must have basic knowledge of symbol/letter relationships, 

sequencing, decoding and debugging to progress to more difficult lessons.  Computer 

Science Unplugged provides lesson plans, printables, and background knowledge for the 

teacher.   

Core themes from website 4: Csunplugged.org.  The overarching theme from 

Csunplugged is that learning computer science does not have to be done on a computer.  

Students can begin to learn the skills of programming, coding, error detection, debugging 

and the introduction to algorithms through hands on, very kinesthetic, memorable way.  

The total number of clusters of meaning discovered on the CSunplugged website N=23.  
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This website also represents with the fourth website examined and the one with the 

smallest number of clusters of meaning identified.  

Core themes from all websites examined in Data Source 3.  The overarching 

themes from website 1; Code.org (N=91) include learning to program/code while 

producing a product such as a game, app, or picture.  The second overarching theme is 

that computer science is a critical skill for students to learn and the opportunity should be 

provided for all.  The overarching theme for the 2simple (N=57), website is to teach 

students that through coding/programming they can produce a product either a document, 

a piece of art, a game, or an app.  The second overarching theme would be to exemplify 

how reading/writing and coding are interrelated in the skills required to do each one.  The 

overarching theme for the website Code Academy (N=46), is the application of reading 

and cognitive skills in order to learn various coding languages and applying those coding 

languages to the web design and development.  The overarching theme from 

Csunplugged (N=23) is that learning computer science does not have to be done on a 

computer.  Students can begin to learn the skills of programming, coding, error detection, 

debugging and the introduction to algorithms through hands on, very kinesthetic, 

memorable way.  In total there were 213 cluster themes identified from Data Source 3.  

Cycle 4: Summarizing the Composite Theories that Emerged from Data Source 3 

In total there were 217 clusters of meaning identified in Data Source 3:  Websites. 

In analyzing the overarching themes from all four websites, I discovered the following: 

coding/programming, N=94; reading and writing skills, N=53; analyzing data, N=38; and 

presentations/communication skills, N=32.  Based on the analysis, each website 

examined presented learning to code in a different format with various themes.  All of the 
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websites taught the learner how to code in small, sequential steps, and in a specific 

programming language.  All websites provided online feedback to the learner as well as 

computer-based rewards and accolades.  To summarize the overarching themes from all 

four websites explored in this study, all four recommend coding/programming as an 

important skill for students to learn.  All four websites start with skills that students 

should already know then extend those skills exemplify how they are already integrated 

into programming/coding; such as sequencing, inferencing, decoding, reading and 

writing.  The websites examined also show how an unfamiliar skill as 

coding/programming can be taught through multiple modalities.  In the final analysis of 

the four websites in Data Source 3 and based on the data presented, the message that 

these four websites are saying is that many computer science skills can be taught cross 

curricular and can be integrated through multiple modalities. 

Cycle 5: Summary of Core Themes from all Three Data Sources 

 The total number of clusters identified from all three data sources totaled N=266, 

after sorting into themes and then determining overall themes that evolved from the data 

sources combined.  The conventional Qualitative Content Analysis method I followed to 

determine the overall clusters of meaning included taking the final paragraphs that 

summarized the overarching themes for each data source and copying it into a new 

document.  Once all three were on the new document, using inductive analysis I 

highlighted overall clusters of meaning from each of the three Data Sources. Four overall 

themes emerged from the three Data Sources.  As I was analyzing the overarching themes 

from each Data Source, I reduced down the individual data source themes into a matrix.  I 

then determined the commonalities across the themes from each Data Source. Once I had 
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determined the overall composite themes, I analyzed and tallied the clusters that fell into 

each category and recorded the results.  Four overall themes emerged from the 266 total 

clusters.  

The overall data analysis of four scholarly journals, five sets of computer science 

standards and four websites: 

1. Coding/programming/digital literacy/sequencing, N=106 

2. Reading and writing connections, N=65 

3. Computer Science, cognitive learning, computational thinking, and problem 

solving, N=56  

4. Communication/cooperative learning, N=39 

Coding/programming/digital literacy/sequencing.  The most frequent message 

that evolved from the overarching data analysis of all three Data Sources shows that 

coding/programming can be incorporated into other subject areas.  The data provides an 

explanation that the skills necessary to learn how to code/program are interrelated to the 

skills needed to learn how to read and write.  Those skills include sequencing, decoding, 

inferring, story comprehension, reading engagement, and vocabulary development.  

Included in Data Source 1 is an article from Educational Technology Research and 

Development by Zhou and Yadav (2017) that investigated the effects of multimedia story 

reading and questioning on children’s literacy skills, including vocabulary, story 

comprehension and reading engagement.  The results showed significant interaction of 

media and questioning on targeting vocabulary, story comprehension, and reading 

engagement.  Included in all four of the computer science coding standards reviewed in 

Data Source 2, were coding and programming skills from kindergarten through 12th grade 
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expectations.  The standards taught increased in complexity from one grade level to the 

next and all standards incorporated coding/programming and coding languages.  The 

main purpose of computer science is to teach programming and how to “talk” to a 

computer and make it execute the commands that the user wants the computer to 

perform.  In Data Source 3, websites that teach coding, teaching a student how to 

code/program is the purpose of the website.  On each of the websites examined the 

lessons presented taught students at various levels of competency programming 

languages and how to produce a product (for example, a published paper or picture, a 

computer game, or a website), by implementing programming steps through a computer.  

Reading and writing connections.  The next composite theme or message is that 

skills necessary to read and write are also skills necessary to code/program a computer.  

In Data Source 1, Journals, the articles examined exemplified the connection between 

reading, writing and coding through multiple modes.  A study recorded in Tech Trends 

suggested that student-centered reading comprehension activities on the iPad can lead to 

better student achievement and motivation in reading (Moon, Wold, & Francom, 2016).  

In Educational Technology Research and Developmen, Ponce, Mayer, & Lopez’s (2013) 

study explored the effectiveness of a computer based spatial learning strategy for 

improving reading comprehension and writing skills.  The findings indicated that students 

who participated improved their reading and writing skills significantly more than the 

study group that did not apply the computer based spatial learning strategy. Data Source 

2, computer science standards all had reading and writing skills in the standards, 

including but not limited to: inferencing, sequencing, decoding and writing skills.  Data 

Source 3, websites require students to have basic reading and writing skills in order to 
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access the coding lessons and those skills increase as the level of complexity in the 

lessons presented increase.  

Computer Science, cognitive learning, computational thinking, and problem 

solving.  Higher level thinking skills are necessary in order to learn how to code/program 

a computer.  In an article written by Chen, Shen, Barth-Cohen, Jiang, Huang, and 

Eltoukhy published in Computers & Education, an instrument was created and 

administered that measured the computational thinking of fifth grade students as they 

learned coding in robotics and everyday reasoning abilities (2017).  The authors 

determined that participating in a robotics curriculum improved students computational 

thinking skills. Critical thinking, problem solving, and decision making was the most 

common cluster group found in the Common Core standards.  Within this category the 

skills revolved around becoming an innovative designer who uses digital tools for 

generating ideas, testing theories, creating innovative artifacts and/or solving authentic 

problems.  In Data Source 3, websites, all of the lessons examined presented the necessity 

for applying higher level thinking skills through coding/programming.  

Communication/cooperative learning . Communication and presentation skills 

are embedded in learning to code/program and learning to read and write.  

Communication skills work hand in hand with writing skills, an example was found in 

Common Core standards, which included communication skills and collaboration starting 

in 1st grade and continued through 12th grade.  In Data Source 3, websites, the lessons 

were interactive where students often worked in groups to complete a coding project. 

Through writing and publishing students communicate.  Digital literacy incorporates 

communication with the computer, with peer groups and interactive personas.  
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Coding/programming, reading, and writing all involve communicating and working with 

others in order to share an idea. 

Composite/Core Message 

Among the three Data Sources examined the themes of cross curricular skills 

dominated the analysis.  In the final analysis of the four journals in data source 1 and 

based on the data presented, the message that these four journals are saying is that many 

of the skills necessary to read and write such as decoding, sequencing, reading 

comprehension, and writing are also skills needed to learn how to code/program on the 

computer.  In the final analysis of the five sets of standards in Data Source 2 and based 

on the data presented, the message that these five sets of standards are saying is that 

many computer science skills are often interwoven with skills taught in other subject 

areas, for example, organizing and analyzing data, multimedia presentations, and basic 

computer skills.  In the final analysis of the four websites in Data Source 3 and based on 

the data presented, the message that these four websites are saying is that many computer 

science skills can be taught cross curricular and can be integrated through multiple 

modalities. In order to code/program a student must be able to read, write, and 

comprehend the steps necessary to command the computer.  In addition, 

coding/programming requires one to apply algorithms, patterns, data analysis, and 

sequences which are all computational thinking.  Coding on the computer cannot occur 

unless the commands are written in a specific order, adapted to the specific programming 

language, and applied accurately.  Reading, writing and coding have similar prerequisite 

and developing skills including: sequencing of letters and sounds, decoding sounds and 

the commands necessary for coding on the computer, understanding and deciphering 



121 

 

patterns and how those patterns form to make a word or a command, writing letters in a 

particular order in order to form words and also to form lines of code, and higher level 

computational skills that lead to comprehension of content read and commands executed 

on the computer for coding.  Coding/programming can be taught and learned by students 

in kindergarten through 12th grade.  Coding/programming aligns with the steps of 

learning to read and write.   

Summary 

This is an emerging Grounded Theory study and this chapter presented the data 

from examining three data sources, including four scholarly articles, five 

coding/programming standards, and four websites that teach coding.  I was searching for 

significant statements and clusters of meaning that appeared through the Qualitative 

Content Analysis of each data source then conducting another cycle of analysis by 

combining the overarching themes from all three data sources to identify common themes 

that emerged.  Through this research, I sought to answer the following question: 

1. What theory emerged that connected learning to code and coding literacy to 

the developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Do the standards on learning to code and learning to read and write intersect 

and what theories emerged from the two? 

In the next chapter I will present results, implications, outcomes, discussions, and 

limitations of this research study.  The next chapter will contain a review of the results 

and how they connect to the related literature in the field.  I will also discuss the 

limitations, and finish with my stance on the outcomes and implications of this study. 
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CHAPTER V 

Discussion, Findings, Limitations, Recommendations for Future Studies, 

Implications and Conclusions  

This study investigated the intersection of skills necessary for computer 

programming/coding and the developmental stages of learning to read and write.  The 

three data sources included scholarly journals that contained articles on coding and 

literacy, curriculum standards from a variety of sources within the United States and 

selected current websites that teach coding to students.  The methodology of this study 

was a content analysis with the framework of a content analysis.  I conducted this study 

to understand the similarities between the skills needed to learn how to code on the 

computer and the skills needed to learn how to read and write.  My reason for conducting 

this line of research was to use the findings in purposeful ways to encourage school 

districts to incorporate coding into their curriculums as a requirement across all grade 

levels, not just an elective in high school.  Through an inductive content analysis 

framework, and a Grounded Theory lens I determined that coding literacy is similar in 

skills to reading and writing literacy.  

In Chapter 1, I explained how coding/programming on the computer is now 

considered a literacy.  There was also a case made to examine why coding/programming 

is a language of the future and explained the increased number of jobs that will be 

available over the next five to ten years in the field of computer programming.  In 

addition, legislation was presented that indicated an increase of incorporated technology 

skills into the curriculum for K-12 grade students in the United States.  In Chapter 2, I 

examined scholarly journals and research-based books that covered the topics of coding 
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literacy, digital literacy, developmental steps of learning to read and write, and 

technology literacy.  Major researchers who were referenced in this study include Vee, 

Papert, Vgotsky, Glaser, Charmaz, Gee, and Bers. Chapter 3 explained the methodology 

of my study and the theoretical framework.  This is a content analysis. In Chapter 3, I 

explained the reasons behind selecting content analysis and also explained the steps that I 

would follow to conduct the study.  I followed the defining components according to the 

steps developed by Urquhart (2013).  I explained my role as a researcher, research sites, 

data collection procedures, and also established the three data sources for this study.  In 

Chapter 4, I presented the data discovered through the research conducted on three data 

sources: scholarly journals, curriculum standards and coding websites.  The overall 

findings from Chapter 4 included four themes: coding/programming/digital 

literacy/sequencing, reading and writing connections, computer science/cognitive 

learning/computational thinking/problem solving, and communication/cooperative 

learning.   

Chapter five includes discussion of findings, limitations, implications, possible 

areas for future studies, and conclusions from the researcher.  This chapter contains 

discussion and future research possibilities that extend the research conducted in this 

study to help answer the research questions: 

1. What theory emerges that connects learning to code and coding literacy to the  

developmental stages of learning to read and write? 

2. What are the theories that are shaping coding literacy? 

3. Does the current data on learning to code and learning to read and write 

intersect and what theories emerge from the two? 
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This chapter summarizes the research findings via the theories that emerged from 

the content analysis of three data sources.  This chapter includes a discussion of the major 

findings related to the skills necessary for learning how to code on a computer compared 

to the developmental steps of learning to read and write. 

Discussion of Findings 

Core themes.  After analyzing the clusters of meaning from all three Data 

Sources the major findings from this study were that there is a connection between the 

skills needed to code on a computer and the skills necessary to learn how to read and 

write.  Those skills that emerged from the data include:  

1. coding/programming/digital literacy/sequencing,  

2. Reading and writing connections 

3. Computer science, cognitive learning, computational thinking and problem 

solving 

4. Communication/cooperative learning. 

Coding/Programming/Digital Literacy/Sequencing.   The message that evolved 

from the overarching data analysis of all three Data Sources shows that 

coding/programming can be incorporated into other subject areas.  It is evident from this 

theme; the direction of technology is advocating the importance of students to be taught 

how to code/program.  Coding/programming on the computer is a skill that requires an 

individual to be able to read, write, sequence and create commands.  In order for the 

computer to execute a command from the programmer the steps must be entered into the 

computer in a program language and the steps must be in order.  This is just like reading 

and writing.  In order for one to be able to read he/she must be able to decode the 
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sequence of letter sounds and combinations that make words.  The words must then be 

put in a logical order to create a complete sentence or idea.  Regardless of the form that 

the words are coming from, rather it be a note on a piece of paper, a written book, or a 

story on the computer, the person reading it must be able to decipher the order of letters 

and how the letters are sequenced to form words.  Once a student is able to decipher 

letters and sounds and how they form words, then sentences and stories can be written.  

As in computer coding/programming, a specific sequence of commands must be written 

in order for the computer to execute; in reading and writing a specific sequence must also 

be created.  A story, whether it is being read or written, needs to have a comprehensible 

sequence of sentences, events, and paragraphs.  Sequencing skills are a necessity for 

reading, writing and programming.  The term digital literacy means any literacy that 

involves the use of the computer.  Coding/programming is digital literacy.  It is the ability 

to command a computer through a specific language to execute specific actions and 

sequences.  When analyzing the standards, developers are setting curriculum expectations 

and the most frequent skills should include coding/programming and acquiring digital 

literacy skills.  The theme of coding/programming/digital Literacy/sequencing emerged 

from through all data sources because it relates to the literacy of learning how to direct a 

computer’s memory to perform tasks.  In order to program/code on a computer, reading, 

writing and sequencing skills are necessary.  This theme also indicates websites which 

are constantly developing to teach coding to adults and children are in alignment with the 

literature and standards.   

Reading and Writing Connections.  Overall the skills needed for coding, reading, 

and writing, do intersect and intertwine.  The data provides an explanation that the skills 
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necessary to learn how to code/program are interrelated to the skills needed to learn how 

to read and write.  The literature that I explored, as well as the findings from this study, 

guides educators to encourage the inclusion of coding/programming into standards.  The 

findings identified included multiple reading and writing skills that students acquire 

while learning to code/program.  When children are learning to read and comprehend 

what they read, it is critical that they acquire sequencing skills.  As the student reads a 

story, in order to comprehend the elements of the story, the sequence of events must be 

understood.  Additionally, a student must learn how to decode the sequence of letters that 

make a word before he can read the word.  Decoding letter sequences is a necessary skill 

in learning to read and developing writing skills.  Reading and writing skills work in 

coordination with each other.  In order to code a student must be able to write the 

sequence of commands and enter them into the computer.  Specifically, designed 

websites are tools for teaching students how to code/program.  The websites can be 

introduced into the everyday curriculum which would allow for teachers to build upon 

that learning through writing, publishing, and creating products.  The letters and symbols 

specific to the coding language must be written in the exact order, or the computer will 

not “understand” what to do.  Writing is an integral part of coding/programing because a 

coder needs to be able to “write” the line of code.  Each coding language is different, but 

all languages include an aspect of writing and sequencing in order to execute loops.  

Therefore, writing is related to the skill of coding/programming due to the fact that you 

must comprehend the programming language and write commands in order to code.  

Computer Science, Cognitive Learning, Computational Thinking, and Problem 

Solving.  Computer Science is the study of computers.  Cognitive learning is active and 
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constructive learning.  Computational thinking is critical thinking that involves problem 

analysis and decomposition, algorithmic thinking, algorithmic expression, abstraction and 

modeling.  Problem solving is the process of solving solutions to complex issues.  In 

order to code on the computer all four of these skills are necessary.  Through my research 

and data analysis the act of applying problem solving and critical thinking skills emerged 

in all Data Sources.  The ten-year span of literature reviewed included this third theme 

connecting the actual act of coding/programming to the cognitive thought processes 

required for computer science.  The essence of this theme was to explain that 

coding/programming is an act that involves many areas of the brain function.  By 

requiring higher level cognitive skills, coding/programming is now incorporated into 

various areas of the computer science standards.  The act of coding/programming through 

computer science takes a specific skill set that an individual must apply to a programming 

language.  Computer programming requires problem solving strategies and logical 

thinking (Wang and Hwang, 2017).  It is through websites that teach coding that students 

are able to apply those higher-level cognitive skills in the classroom, as well as at home. 

Communication/Cooperative Learning.  Through computer coding and computer 

science students are afforded the opportunity to work together on projects particularly 

when publishing a project, presenting a production from a computer created program, 

and/or participating in robotics competitions.  In today’s workforce, it is a rarity that a 

person works in isolation.  There are project teams, production teams, presentation teams, 

implementation teams, just to name a few.  Therefore, the communication/cooperative 

learning skills that students acquire through coding are exemplified in studies conducted 

by researchers who look at how computer coding can extend to other skills and areas of 
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study.  Those studies are then examined by curriculum directors who write standards. 

Computer coding allows students to work collaboratively in groups as well as learn from 

each other.  Students learn how to communicate with the computer often through a 

website, while coding/programming and publishing products.  Students also develop 

presentation/communication skills when they produce a product through coding, such as 

three-dimensional presentations.  Students can create games, new programs, and code a 

robot to complete a task.  All of these incorporate activities where students work in 

groups and build communication skills.  

 Findings Related to Literature 

Coding/Programming/Digital Literacy/Sequencing.  Glister, (1997), defined 

digital literacy as an ability to apply information from a variety of digital sources.  In 

correlation with my findings, he explained that digital literacy is being able to acquire 

and master ideas from technologies, it is not just keystroking.  Through my data analysis, 

my results also lead to the belief that learning to code/program can extend an individual’s 

literacy of reading and writing and apply it to digital literacy skills.  Studyvin and 

Moninger (1986) support my finding as they argue that learning to code has been shown 

to increase reading skills, language mechanics, and reading comprehension.  I also found 

that through my data analysis that these skills coincide with the skills of learning to code.  

Reimagining the role of technology in education and incorporating coding into the 

curriculum is considered important (Bers, 2018; Clements, 1999; diSessa, 2001; Flannery 

& Bers; 2013).  My study aligns with the findings of these studies, as it also explores the 

emerging theory of aligning digital literacy with traditional literacy.  These studies 

specifically discussed how learning to code can impact sequencing skills, decoding, 
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language development and vocabulary, problem solving and computational thinking.  The 

data from this study corroborates with the theory of these researchers, through the 

analysis from the three Data Sources, which also exhibit examples of how the role of 

technology is changing in education.  

Reading and Writing Connections.  As I reviewed my data from Chapter 4, a 

constant theme emerged that connected reading and writing to the same skills necessary 

to program/code on the computer.  Through multiple research studies, including this 

content analysis Grounded Theory, multiple theories emerged that connect learning to 

code/program and the developmental stages of learning to read and write (Barreto 

Vavassori Benitti, 2012; diSessa, 2001; Korat & Shamir, 2012; Savage, Erten, Abrami, 

Hipps, Comaskey, & van Lierop, 2010).  The constant changes in technology, provides 

continuous opportunities for how, when, and where we engage in reading and writing 

(Papert, 1987). Kellogg, Whiteford, and Quinlan (2010) offer an example of support for 

this theme as they focused on the connection between writing and technology through an 

examination of whether an automated essay feedback system could improve the writing 

performance of college students.  A struggle often noted by college professors is the 

weak writing skills of new college students.  The findings of my study also extend the 

connection between the skills necessary to learn how to read and write, and the skills 

necessary to learn how to code on the computer.  In my study, this theory that writing and 

technology is interrelated is extended as shown in the frequent emergence of articles 

related to coding and literacy, the standards examined that included writing, and the 

writing skills that are needed in order to learn how to code through a website. In this 

current study, reading and writing were interweaved within all three Data Sources. 
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While reviewing my findings in relationship to the literature an idea that emerged 

was the effects of technology on literacy skills.  diSessa (2001) explained that the basis 

for literacy include structured subsystems with specific rules of operation, symbol sets, 

patterns of combination, conventions and means of interpretation.  Those subsystems of 

language in terms of technology include inscription forms, game interfaces, 

contemplative browsing, and simulations and calculations.  Considering all of these 

relationships, it is of the essence that we consider technology as a literacy.  Many types of 

digital activities provide authentic and motivating contexts for developing specialized 

vocabulary.  This vocabulary development and application of new vocabulary transfers 

over into comprehending higher level texts and writing more complex compositions and 

possible publications/presentations.  

Coding as a literacy emerged from my data analysis.  Judson (2009) argued that 

technology literacy gains could lead to heightened subject matter confidence and reflect 

improved ability to use technology as an avenue for new learning and application of that 

learning to other subject areas.  Learning to code does not only impact the skill of making 

a computer do what you tell it to do.  Coding by nature integrates multiple 

interdisciplinary skills that are important for students to learn to be successful citizens.  

Gee (2013) argued for well-designed games that build literacy skills, create problem-

solving spaces with feedback and clear outcomes that lead to real, deep, and 

consequential learning.  Many types of digital activities provide authentic and motivating 

contexts for developing specialized vocabulary that will be needed in the future.  Coding 

apps are designed to encourage the creation of digital content rather than just consume it.  
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The apps provide an avenue where students must think creatively, reason systematically, 

and work collaboratively to code. 

Computer Science, Cognitive Learning, Computational Thinking, and Problem 

Solving.  Yadav, Hong, and Stephenson (2016) suggested that computational thinking is 

a key skill that students need in order to move from being technology-literate to using 

technology and computational tools to solve problems.  An example of a study that 

supports this theme assessed the impact of meta-cognitive training on students’ 

understanding of basic programming concepts (Cetin, Sendurur, E., & Sendurur, P., 

2014).  Their study investigated meta-cognitive training on students’ programming 

achievement, retention of programming knowledge, and explore students’ experiences 

and opinions related to meta-cognitive training.  As the third highest theme according to 

frequency in the data analysis, technology can be viewed as a way to extend a student’s 

learning.  

  Researchers who made a profound impact on the establishing the connection 

between coding/programming on the computer and literacy skills included Gee, (2013), 

Vee, (2013, 2017), Clements, (1999) and Bers & Horn, (2010), Bers, (2018).  

Researchers who have made the connection between coding and literacy are discovering 

more and more intersections between the two (Bers, 2018; Kafai & Burke, 2014, 2016; 

Papert, 1980).  My current study extends the findings of these prominent researchers 

from the field in the emerging theory that connects digital literacy and coding to 

traditional literacy skills.  

Clements (1999) visualized a future of educational computing research through a 

case of computer coding.  Through my data analysis I found that computer coding 
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reaches across multiple disciplines of learning.  Clements (1999) also determined in his 

study where he examined how computer coding can be infused into multidisciplinary 

subjects including mathematics, problem solving, higher order thinking, language arts, 

creativity, and social-emotional development that learning to program increases a 

student’s language skills (Lehrer & deBernard, 1987), readiness skills, visual 

discrimination, visual motor skills (Reimer, 1985), and an increase in first graders scores 

on assessments of visual motor development, language, and listening comprehension 

(Robinson, Gilley, & Uhlig, 1988; Robinson & Uhlig, 1988).  

Communication/Cooperative Learning.  Piaget (1977) described learning as the 

process of creating artifacts of personal and social relevance, connecting old knowledge 

to new knowledge, and interacting with others.  Research supports the belief that 

collaborative learning is an effective strategy for teaching, by encouraging student 

interaction and offering a variance to the explanation of content.  Although, students must 

be taught and monitored to ensure the productivity of collaborative learning, 

programming can provide opportunities for students to problem solve in groups and learn 

from each other (Wang and Hwang, 2017).  In addition, research showed that students 

who participated in collaborative learning activities, had higher self-efficacy and a lower 

cognitive load than students working individually on the same activity (Wang and 

Hwang, 2017).  In corroboration with Wang and Hwang (2017), the emerging theory of 

the current study, also supports the finding that coding/programming helps develop 

cooperative and communication skills in learners.  
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Summary of Findings Related to Literature 

As I researched for my literature review, I discovered that the connection between 

literacy and computer programming and/or interacting with computers became more 

prevalent between 2013-2017.  For the years 2007 to 2013, a majority of the literature 

referenced teachers and students learning to use technology.  During this time period, 

teachers were utilizing technology for a reward, or an activity that students could interact 

with after they finished all of their “real” work (Savage, Erten, Abrami, Hipps, 

Comaskey, & van Lierop, 2010).  In more recent years, from 2009 forward, researchers 

began to explore how programming and utilizing the computer for instruction could be 

beneficial to developing literacy skills in students (Korat, 2010; McKenney & Voogt, 

2008).  This is important to note, because this study was seeking to answer if there was a 

connection between learning to read and write and learning how to code/program on the 

computer.  The reason it was important for me to study this topic, was because of the 

increasing demand for computer programmers in our society.  As an educator, my most 

important responsibility is to prepare students to become successful, productive citizens.  

In order to do that, it is imperative that I understand the skills necessary for my students 

to succeed. 

While conducting the literature review for this study, multiple themes emerged 

from the years 2007-2017.  The overarching themes included: reimagining the role of 

technology in education, effects of technology on literacy skills, coding as a literacy, 

relationship between coding and learning to read and write, and coding standards.  These 

themes closely aligned with the overall findings from my data analysis in Chapter 4.  
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Findings Related to Lens of Grounded Theory 

Multiple theories surfaced from the three data sources through this content 

analysis study.  One of questions guiding this study was to understand what theory 

emerges that connects learning to code to the developmental stages of learning to read 

and write.  The second question was to uncover what theories are shaping coding literacy. 

Yes, through my study and data analysis my research questions were answered.  There is 

a connection between the skills necessary to learn how to read and write (traditional 

literacy) and the skills needed to learn how to code/program a computer (digital literacy). 

Multiple theories have emerged that connect learning to code/program and the 

developmental stages of learning to read and write (Clements, 1999; Hutchinson, 

Nadolny & Estapa, 2015; Kazaoff & Bers, 2014; Kazakoff, Sullivan, & Bers, 2012; 

Papert, 1980; Rich, Browning, Perkins, Shoop, Yoshikawa, & Belikov, 2018; Snow, 

Tabors, Nicholson, & Kurland, 1994).  This research does help us to better understand the 

theories emerging that connect learning to code to the developmental stages of learning to 

read and write as well as those shaping coding literacies.  My research contributes to the 

growing number of studies that provide evidence of the connection between traditional 

literacy and digital literacy.  

Sequencing, inferencing, and decoding skills are essential to both reading and 

writing and computer coding/programming.  It is through decoding that students learn to 

segment words into syllables and pronounce the word.  Likewise, it is through decoding 

that computer programmers analyze what commands to type into a computer to produce 

an action through code. 



135 

 

When reading or writing a story, the sequence of events plays a critical role in 

forming a comprehensible series of events.  Also, when programming a computer, it is 

the sequence of the codes that create the figure, the animation, or tells the computer to do 

what it is told to do.  If the commands are given in the incorrect sequence, then the 

computer does not perform the correct action.  Similar to when writing or reading a story, 

if the sequence of events does not fit together then the story does not make sense. 

Learning to code/program on a computer does have skills that align with the 

developmental steps of learning to read and write.  In fact, there are multiple theories that 

emerged when reviewing the three data sources of scholarly journals, coding and 

computer science standards, and websites that teach an individual how-to code.  In 

addition, there are cognitive skills that are attained that further develop and strengthen as 

students learn more complex objectives and progress through their educational careers. 

To physically program a computer, one must be able to write the strand of 

commands and the order of commands in a specific programming language.  Improper 

commands, commands that are out of order, and the use of the wrong programming 

language will invariably result in the computer’s inability to “read” what the human 

wants the hard drive to activate and implement. 

The theories that were identified included multiple reading and writing skills that 

students acquire while learning to code/program.  When children are learning to read and 

comprehend what they read, it is critical that they acquire sequencing skills.  As the 

student reads a story, in order to comprehend the elements of the story, the sequence of 

events must be understood.  Additionally, a student must learn how to decode the 

sequence of letters that make a word before he can read the word.  Decoding letter 
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sequences is a necessary skill in learning to read and developing writing skills.  To 

physically program a computer, one must be able to write the strand of commands and 

the order of commands in a specific programming language.  Improper commands, 

commands that are out of order, and the use of the wrong programming language will 

invariably result in the computer’s inability to “read” what the human wants the hard 

drive to activate and implement. 

Stages of Reading and Writing Development 

The final question guiding this study was to uncover if the current data on 

learning to code and learning to read and write intersect and what theories emerge from 

the two.  The theories emerged were compared to the stages of developmental reading by 

Chall (1976), and the developmental stages of writing from Graves (1994).  As reading 

and writing skills often intersect, the theories that emerged from the scholarly journals I 

examined also intersected.  The theories that emerged that connect learning to code and 

coding literacy and the developmental stages of reading and writing include; 

development of reading comprehension skills, vocabulary development and language 

skills, sequencing skills in reading and writing development, advances in reasoning 

abilities, fluency in reading and writing, decoding skills, and overall systems of 

understanding.  The answer to the third and final question was yes, the current data 

analyzed in this study does show that the skills necessary to learn how to code and to 

learn how to read and write intersect.  

Visual discrimination and visual motor skills are also skills that are needed in 

order to read and write, as well as program a computer.  Individuals need to be able to 

distinguish between the various letter formations and word patterns in order to decode a 
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written language.  Likewise, each programming language has its own set of patterns and 

commands that combine to create a sequence that speaks to the computer’s hard drive.  

The programmer must be able to determine the steps necessary to make the computer do 

what he or she wants it to do. 

The other theory that emerged from the three data sources explored the 

application of vocabulary development, syntax, and language mechanics.  Just as a story 

or book must have a designated sequence of events, when a student is learning how to 

write a composition, essay, or scholarly article, the sentence structure, varied vocabulary, 

and flow of ideas are important elements.  Regardless of an individual’s language or 

purpose for writing, whether it be an English composition or a series of commands for a 

computer program, the language is specific and applicable to the project at hand.  The 

formation of a sequence of letters and a specific order of words creates a message.  This 

message can be put on paper or within the hard drive of a computer through a 

programming language.  

Limitations 

There were several limitations to this study. In selecting journals to review for 

articles, I only included scholarly, peer reviewed journals.  I looked for journals that 

contained not only research on computer science and coding, but also how computer 

science was incorporated into K-12 grade schools.  In addition, I wanted articles that 

focused on literacy.  Literacy in the broader sense of not just reading and writing, but also 

digital literacies.  I found more articles in journals related to technology than journals 

focused on traditional literacy.  In addition, since countries in the world are at various 

stages of development economically and with technology, I decided to select only 
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journals published in the United States.  In doing so, I was more familiar with the 

standards and platforms utilized in the schools that the articles researched. 

As a result, only four of the journals were included in Data Source 1.  The 

journals included were; Computers and Education, Journal of Educational Computing 

Research, Journal of Research and Technology in Education, and Tech Trends.  Thus, a 

broader schema of journals, including international publications, could provide research 

that would impact and help guide the alignment of skills attained through learning to 

code. 

Next, only programming/coding/computer science standards from states and 

organizations in the United States were examined.  Again, there are a multitude of 

countries that are further advanced in that coding standards are a required component of 

Kindergarten through 12th grade curriculums.  Therefore, a broader study could include 

standards from other countries and educational systems.  This could expand on the realm 

of advancement in technology and digital literacies across multiple cultures, languages 

and levels of economic development.  The design and organization of the varied school 

systems in different countries could also be explored. 

The third limitation relates to the websites that teach coding and their constant 

program languages and coding loop updates.  In other words, what one can learn from 

Code.org today, may be totally different from what can be learned next month.  

Technology is always changing and advancing much faster than we are able to adapt.  

New program languages are developed and integrated into technology systems daily.  

There are some program languages that have stayed constant such as Java, JavaScript, 

and Python, but they are constantly being updated.  In addition, I only reviewed the 
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lessons that were easily accessible on each website and I did not purchase additional 

access to the lessons available only through exclusive access.  

Included in this study is a limitation on the Grounded Theory lens.  Due to the 

data sources being controlled and limited, an exhaustive review was not completed.  I 

narrowed Data Source 1 down to four journals, limited Data Source 2 to five sets of 

standards, and only included four websites in Data Source 3.  I focused on journals that 

had the most articles related to coding/programming and reading and writing 

developmental skills.  When considering the standards to include, I studied the ones that 

were developed within the United States.  The third Data Source, websites I included 

current websites that taught coding skills to K-12 grade students, but it was not an 

exhaustive inclusion because the number of websites that teach coding are increasing 

every single day.   

Future Studies 

There are many opportunities for future studies in the area of computer coding 

and its connection to the developmental steps of reading and writing.  One example could 

be a longitudinal study that examines the differences in educational and career attainment 

between a group of students who received a K-12 computer science/coding curriculum 

verses a group of students who do not (education level completed, career, income level).  

An ethnographic study could also be completed on the reading proficiency level of 

students who receive coding instruction.  I can foresee many literacy studies that would 

incorporate coding into the curriculum and compare the various level of mastery in skills 

such as: reading comprehension, reading fluency, vocabulary and language development, 

reasoning abilities, and writing skills.  The current study could also be broken down into 
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specific skills instead of looking at the overall correlation between reading and writing 

literacy and coding literacy. 

In reading instruction specifically, research that examines any connection between 

learning to code/programming and the possibility of contributing to the academic reading 

improvement for students with reading difficulties and reading learning disabilities would 

be a valuable avenue to explore.  Students with reading disabilities face the same 

challenges of being able to navigate through the digital world.  Every student should have 

the opportunity to learn the skills necessary to lead a productive life.  Even with the 

extensive amount of research on reading instruction, specific literacy instruction for 

students with reading disabilities has typically focused on learning sight words necessary 

for daily living and independence (Browder, Wakeman, Spooner, Ahlgrim-Delzell, & 

Algozzine, 2006).  Studies on the effects of teaching digital literacy skills to students with 

reading disabilities would be a valuable area to extend this research. 

 Recently in the United States, there has been a movement focused on women’s 

rights and equal opportunity advancement in their careers.  The STEM workforce is 

critical to America’s innovative capacity and global advancements in technology.  

However, despite making up half of the United States workforce and half of the college-

educated workforce, women are vastly underrepresented in STEM fields and in rates of 

computer science degree completion. (Beede, Julian, Langdon, McKittrick, & Doms, 

2011).  In the general workforce, women in STEM-related jobs earn 33% more than 

comparable women in non-STEM-related jobs (Beede et al., 2011).  Women remain 

under-represented in the science workforce, with the greatest disparities occurring in 

engineering computer science (National Girls Collaborative Project, 2018).  Another 
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research direction that focuses on women in computer science could be to look at the 

underrepresentation of minority women (National Girls Collaborative Project, 2018). 

Minority women represent only 1 in 20 of the scientists in STEM related jobs (National 

Girls Collaborative Project, 2018).  Therefore, there is a plethora of studies that could be 

conducted related to the possible reasons why there is such a low incidence of females 

moving into the computer science fields of study and what can be done to encourage 

more females to pursue STEM-related jobs in kindergarten through 12th grade. 

Recently, several school districts in the United States have begun to incorporate 

coding not through a computer science course, but as part of their foreign language 

offerings.  Instead of including coding/programming in the sciences, 

coding/programming is being considered a foreign language that can be added to a 

student’s language development.  Along those same lines, another area of future research 

could be examining a potential connection between learning to code/program and 

learning languages other than English. 

Implications 

The term “being literate” has evolved over the last 20 years as technology has 

progressed and become more of an integral part of our lives.  Many new literacies have 

emerged, including digital literacies.  As the job market changes and expectations for 

how work is accomplished changes, the methods we use to prepare students to be 

successful and productive citizens must also change.  According to recent trends in 

literature and research, computer coding/programming is becoming a prevalent skill to 

learn and incorporate into K-12 curriculum standards.  It is this notion that inspired me to 

do this study. 
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Implications for Students 

The implications from this research study could impact the education of students 

by encouraging more states to require computer science standards for all K-12 grade 

students, and as a result impact the number of students leaving college prepared to enter 

computer programming/coding professions would increase.  Through this study it has 

been noted that to be successful in the present-day economic society, individuals should 

extend his or her literacy knowledge to computer programming and coding (diSessa, 

2001; Engelhardt & Balanskat, 2015; Gee, 2013; Glister, 1997; Papert, 1980). 

Implications for Teacher Preparation 

This research study could also impact professional development and teacher 

preparation programs by requiring teachers to learn more about computer science in order 

to teach it to their students and seek out professional development.  Learning to 

code/program aligns with the skills needed to become more proficient readers and 

writers, thinkers and problem solvers.  In addition, as this study is discovered and read, it 

will hopefully lead to future studies on the connection between coding and reading and 

writing skills and why it is important to teach coding skills. 

Conclusion 

In this content analysis, the similarities between coding on the computer and the 

developmental stages of learning to read and write were examined.  The research 

conducted in this study is important because computer coding/programming is a literacy 

that has become an important skill in our current society.  This research will accelerate 

the argument that computer science and coding are skills that should be taught in the K-

12 curriculums across the United States.  Especially since the number of occupational 
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computer science openings is projected to yield over 1 million jobs from 2014 to 2024 

(Fayer, Lacey, & Watson, 2017).  In addition, this research will also make a case for 

including coding and digital literacy into the teacher preparation programs. 

At the beginning of this study, I was wanting to discover the theories that 

emerged when researching the steps in learning to code on the computer and the 

developmental steps in learning to read and write.  At the conclusion of this study, the 

results indicate that there are many skills that co-exist between computer coding and 

reading and writing.  I have found that reading and writing skills are aligned with the 

skills necessary to code/program a computer.  Specifically, in order to code, you must be 

able to read and write.  In addition, a computer programmer needs to be able to sequence, 

predict, inference, manipulate, and command the English language from the basic level to 

the most advanced.  Among the three Data Sources examined the themes of cross 

curricular skills dominated the analysis.  Across all Data Sources and the clusters of 

meaning that evolved from each Data Source, the analysis lead to the overall theme of 

answering the original research questions from this study which was to determine if there 

was an intersection between the skills necessary in learning to read and write and the 

skills required to learn how to code/program a computer.  

The findings from this study may provide new insight and encouragement for 

states to require computer coding/programming as part of their K-12 standards.  

Additionally, the connection between reading and writing and learning to code could 

encourage teachers to pursue professional development on incorporating computer 

science into their classrooms because they can now understand the connection and 

similarities between learning to code and learning to read and write.  Since coding is 
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becoming a necessary skill for the job market in computer science, this study should 

encourage teachers to want to include coding into their daily instruction.  Finally, this 

study may also motivate educators to focus their efforts on including female students in 

STEM related fields of study.  Females should be contributing equally to the computer 

science fields of study and research.  The exponential rise of the use of technology has 

impacted society, how society functions daily, and educators have a tremendous 

challenge to prepare students for the digital future.  Digital literacy skills, including 

coding/programming are essential for students to learn in order to be prepared for the 

technologically-oriented workplace. 

Researcher’s Reflection.   

Conducting this study was personally important to me because I am a principal that wants 

to provide the best education preparation for my students in order for them to have 

successful, productive lives as adults.  I want my students to leave my school with the 

skills necessary to think critically, problem solve as individuals and in cohesive groups.  

Learning to program/code on the computer can lead to an infinite number of careers.  In 

addition, this study shows that learning to code can be taught in conjunction with learning 

to read and write.  Computational thinking and problem solving are skills that can be built 

upon and give students a foundation for more specific areas of study in college.  

In addition, this study is important to me as an educator that believes all children 

need an opportunity to learn.  Traditional paper and pencil in not how most children learn 

in this highly technological world.  Children are inundated with technology in every 

aspect of their worlds, we need to teach them how to use technology to make this world a 

better place for their future success.   
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APPENDIX A 

Table 3  
Scholarly Journals 

 Key word and frequency 

Journal title 
Total 
no. of 

articles 

Total 
no.  of 
themes 

Literacy Reading Writing Coding/ 
programming Robotics 

Tech Trends 
 

1,143 23 5 10 6 0 2 

Technology 
Knowledge 
and 
Learning 
 

195 6 0 0 2 1 3 

Computer 
Science 
Education 
 

171 18 0 0 0 12 6 

Themes in 
Science & 
Technology 
Education 
 

93 7 0 1 1 0 5 

Journal on 
Research and 
Technology 
in 
Education 
 

209 8 1 1 0 1 5 

Journal of 
Educational 
Computing 
Research 
 

452 20 3 8 4 4 1 

Educational 
Technology 
Research & 
Development 
 

598 19 8 6 4 1 0 

International 
Journal of 
Computer 
Science 
Education in 
Schools 
 

25 8 0 0 0 8 0 

Computers 
and 
Education 

2,356 95 19 34 17 17 8 
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Totals 5,242 204 36 60 34 44 30 
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APPENDIX B 

Table 4 
Journal 1, Computers & Education  

Article 
Clusters 

of 
Meaning 

Themes 

Assessing elementary 
students’ computational 
thinking in 
everyday reasoning and   
robotics programming 

21 Humanoid robotics, 
Robotics for elementary 
students,  
computational thinking, 
designing systems, 
sequencing 
 

Behavioral patterns of 
elementary students and 
teachers in one-to-one 
robotics instruction 

31 Educational robotics, 
one-to-one robotics 
instruction, sequential 
analysis, communication 
skills, learning with  
robotics, computing, 
programming, problem 
solving, creativity, writing, 
informatics, engineering,  
subject and content  
integration 
 

Computational thinking 
and tinkering: Exploration 
of an early childhood 
robotics curriculum 

16 Early childhood robotics, 
programming, coding, 
cross curricular, early 
childhood literacy, 
computational thinking, 
problem solving, 
sequencing 
 

Do ABC eBooks boost 
engagement and learning in 
preschoolers? An 
experimental study 
comparing eBooks with 
paper ABC and storybook 
controls 
 
 
 

15 eBooks, reading fluency, 
reading comprehension, 
listening comprehension, 
engagement 
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Effects of computer 
assisted comprehension in 
second grade: A one-year 
follow-up study 

24 Computer assisted text 
comprehension, 
sequencing, decoding, 
listening comprehension, 
reading comprehension, 
vocabulary, comprehension 
processes 

Effects of digital dictionary  
Format on incidental 
acquisition of spelling 
knowledge and cognitive 
load during second 
language learning: Click-
on vs. key-in dictionaries 
 

12 Digital literacy, spelling, 
dictionaries, reading 
comprehension 

Hypertext annotation: 
Effects of presentation 
formats and learner 
proficiency on reading 
comprehension and 
vocabulary learning in 
foreign language 

14 Hypertext, reading 
comprehension, 
proficiency, vocabulary 
acquisition and 
comprehension, online 
reading, reading 
comprehension, reading 
process, electronic 
annotations, authentic texts 

   
Improving literacy skills 
through learning reading 
by writing: The iWar 
method presented and 
tested 

12 Literacy education, 
website, comprehension, 
enhanced literacy skills, 
interpret information, 
locate information on the 
web, information society, 
computers, reading, 
writing, speech technology, 
writing strategies, 
linguistic support, grammar 
 

Moved to learn: The 
effects of inactivity in a 
Kinect-based literacy game 
for beginning readers 

8 Literacy, on line books, 
reading skills, writing 
skills, language learning, 
digital reading, joint 
reading, sequencing 
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Positive technological and 
negative pre-test-score 
effects in a four-year 
assessment of low 
socioeconomic status K-8 
student learning in 
computer-based math and 
language arts courses 
 

15 Language, reading, writing 
development, test 
performance, computer-
based work, sequencing, 
decoding, motivation 

Problem solving by 5-6 
years old kindergarten 
children in a computer 
programming environment: 
A case study 

28 Programming, higher order 
thinking, problem solving, 
communicating, related 
subject areas and 
programming, social skills, 
communication skills, 
decoding  
 

Promoting reading 
comprehension with the 
use of technology 

32 Literacy, reading 
comprehension, fluency, 
phonics, vocabulary, 
reading practices, 
decoding, sequencing, 
reading comprehension 
 

The design and pilot 
evaluation of an interactive 
learning environment for 
introductory programming 
influenced by cognitive 
load theory and 
constructivism 
 

15 Programming, cognitive 
load theory, 
constructivism, cognitivist, 
learning theory, program 
visualization 

The effect of digital 
storytelling on visual 
memory and writing skills 

19 Comprehension, writing, 
reading, literacy, memory 
capacity, composition, 
writing skills, narratives 
 

The effect of reflective 
learning e-journals on 
reading comprehension and 
communication in 
language learning 
 
 
 

23 Reading comprehension, 
vocabulary, listening 
comprehension, 
communication skills 
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Understanding online 
reading through the eyes of 
first and second language 
readers: An exploratory 
study 

9 Online reading, 
comprehension, decoding, 
sequencing, fluent reading, 
second language, meta-
cognitive skills  
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APPENDIX C 

Table 5 

Journal 2, Educational Technology Research and Development 

 
Articles 

Clusters  
of  

Meaning Themes 
 
A computer-based spatial 
learning strategy approach 
that improves reading 
comprehension and writing 

 
22 

 
Reading comprehension, 
writing development, 
scaffolded practice, 
language arts curriculum, 
computer-based 
instruction, reading and 
writing skills, across the 
curriculum literacy 
 

A problem posing-based 
practicing strategy for 
facilitating students’ 
computer programming 
skills in the team-based 
learning mode 
 

29 Programming, problem 
solving, collaborative 
learning, cognitive load, 
literacy, self-efficacy 

Effects of multi-media 
story reading and 
questioning on 
preschoolers’ vocabulary 
learning, story 
comprehension and reading 
engagement  
 
 

36 Reading comprehension, 
storytelling, story reading, 
questioning strategies, 
vocabulary  

Improving technology 
literacy does it open doors 
to traditional content? 

59 Literacy, reading, 
programming, language 
arts, comprehension, 
sequencing, decoding 
 

The influence of narrative 
and expository lesson text 
structures alternate 
measures of knowledge 
structure 

                   32 Reading, writing, literacy, 
expository, writing, 
sequential occurrence, text 
structure, knowledge 
structures 
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APPENDIX D 

Table 6 

Journal 3, Journal of Educational Computing Research  

Article 
Clusters 

of 
Meaning 

Themes 

Assessing the impact of 
meta-cognitive training on 
students’ understanding of 
introductory programming 
concepts 
 

16 Programming, meta-
cognitive, programming 
education, problem solving 

Direct and indirect 
teaching: Using e-books 
for supporting vocabulary, 
word reading, and story 
comprehension for young 
children 

41 E-books, reading, reading 
comprehension, 
vocabulary, decoding, 
sequencing, electronic 
storybooks, computerized 
dictionary, multimedia 
text, oral reading, oral 
discourses, written text 
 

Does automated feedback 
help students learn to 
write? 

12 Automated essay feedback, 
writing, writing lab, 
revision skills, computer 
learning skills, literacy 
 

Evaluation of a motion-
based platform for 
practicing phonological 
awareness of preschool 
children 

39 Reading, phonics, 
decoding, comprehension, 
sequencing, visual 
discrimination 
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APPENDIX E 

Table 7 
Journal 4, Tech Trends 

Article 

Clusters 
of 
Meaning Themes 

Digital postcards 
from summer 
Camp 
 

8 Writing, digital writing, computing, connected learning,  
literacy practices 
 

Enhancing 
reading 
comprehension 
with student-
centered iPad 
applications 
 

23 Reading, reading comprehension, iPad, reading  
achievement  
scores, comprehension activities, literacy 
 

Examining 
current beliefs, 
practices and 
barriers about 
technology 
integration: A 
case study 
 

28 Language Arts, constructivist, technology, barriers for  
technology, 21st century skills, technology integration 
 

Literature circles: 
A perfect match 
for online 
instruction 
 

14 Reading, reading comprehension, vocabulary,  
sequencing, communication, presentations, literacy,  
literature online,  
reading fluency 
 

Using nearpod in 
elementary 
guided reading 
groups 
 

38 Literacy, reading, writing, language arts, digital natives,  
vocabulary, decoding, fluency, sequencing, text-to- 
speech, communication 
 

Using technology 
to reach all 
learners 

29 Reading, literacy, iPod, silent reading, reading fluency, 
 literature, sequencing, decoding, phonics 
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APPENDIX F 

Table 8 
Data Source 2, Curriculum Standards 

Standards 

Clusters  
of  

Meaning Themes 
 
Code.org 

 
12 

 
Sequencing, decoding symbols 
and 
letters, understanding the order of 
letters and symbols to make words 
or lines of coding, communicating 
ideas through codes and symbols, 
predicting, encoding letters and  
creating a story 
 

Computer Science 
Teachers Association 

7 Computing systems, networks and 
the internet, data and analysis, 
algorithms and programming, 
impacts of computing 
 

International Society 
for Technology in 
Education 

7 Empowered learner, digital 
citizen, knowledge constructor, 
innovative designer, 
computational thinker, creative 
communicator, global collaborator  
 

K-12 Computer 
Science Framework 

9 Computing systems, networks and 
the internet, data and analysis, 
algorithms and programming, and 
impacts of coding 
 

The Common Core 
Standards 

12 Coincide with Language Arts 
standards; create, edit, and format 
text; evaluate, decompose, code, 
program, communicate ideas; 
develop and evaluate multimedia 
presentations, proper citations, 
grammar, electronically exchange 
ideas 
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APPENDIX G 

Table 9 

Data Source 3, Websites 

Websites 

Clusters 
of 

Meaning 
 

Themes 
2simple to code                     57 Coders, multimedia stories, 

painting, compromising 
and designing code, 
publishing, reading, 
writing, sequencing, 
decoding, predicted 
 

Code Academy 46 Coding, programming, web 
development, 
programming languages, 
skills of application, 
transfer, adapting, data 
science, sequencing, 
inferencing 
 

Code.org 91 Pre-readers, debugging, 
coding, inferencing, 
cognitive skills, 
sequencing, decoding 
commands 
 

Csunplugged 23 Computer science, 
intellectually stimulating, 
discipline, computing, 
binary numbers, decoding, 
sequencing, debugging  
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