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INTRODUCTION

In in this document, Neary Education Research provides four reports to support the Colorado
Department of Education’s effort in developing K-12 Computer Science (CS) standards. These
reports provide supporting research for defining CS, a survey of other states’ CS policies, a
collection of current national K-12 CS standards, and an annotated bibliography on
recommendations for developing CS standards. Specifically, these reports consist of the
following:

Report I: Technical Definitions provides a table of various definitions for CS, Digital
Literacy, Coding/Programming, Educational Technology, Information Technology, and
Computational Thinking as they have been defined by national education organizations,
universities, and technology companies.

Report Il: State Computer Science Policies provides two tables. The first table depicts
which states have adopted CS standards, which are developing standards, and those
who count CS courses towards fulfilling a math and/or science graduation credit. The
second table provides links to states’ policies as they have been identified in the first
table.

Report lll: National K-12 Computer Science Standards provides a list of the current
national standards that exist for CS and technology classrooms. Links are provided to
the documents as well as a brief overview of the organizations that produced them.

Report IV: Annotated Bibliography on Recommendations for K-12 Computer Science
Standards includes a collection of research and policy recommendations from national
education organizations. These entries provide descriptions of the authors, funding
organizations (where applicable), a summary of key findings, and links to the
documents.

KEY FINDINGS

There is great variation in how states and other organizations define CS. There is little
consistency in computing requirements from state-to-state, district-to-district, or even
school-to-school. Many school administrators do not understand that computing is a
scientific discipline like physics and biology (Stephenson, 2006). Many states do not
have a clear understanding or definition as to what the field of CS is and confuse it with
other subject areas such as Educational Technology (Khoury, 2007). Even technology
companies, universities, and educational organizations vary in how they define CS.
However, with the writing of the K12CS.org’s Framework, these definitions are
beginning to consolidate and develop coherence.
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e The majority of states allow CS courses to count towards math graduation credits.
Twenty-eight states have graduation policies that allow CS to count towards core math
graduation credits. Nine states allow CS to count towards science.

e Ten states have adopted at least K-8 CS Standards. Of the states have adopted CS
standards they all have K-8 while only some have K-12 as of right now. K-12 standards
often are enveloped by CTE pathways for grades 9-12.

e Some states are in the process of developing standards. Three states are currently
convening stakeholder meetings for CS standards development. The number of states
making CS count and adopting CS standards is increasing monthly.

e K-12 Computer Science education and research is in its formative stages. The majority
of K-12 CS research focuses on closing the opportunity and participation gap for the
general student population, minorities, and women.

¢ From the beginning, national and state stakeholders in CS education gravitated
towards collaborative development. The combination of limited subject matter experts
and the urgent, national need for CS K-12 education, brought CS experts, education and
government leaders together to collaborate on the development of K-12 CS standards.

¢ The minority and gender gap in Computer Science is greater than any other discipline.
A number of reports find the significant lack of interest, participation, and access to CS
education among women and at-risk minority groups is extremely worrisome. Most
reports providing recommendations to policy makers state that CS standards for K-8 is
essential to closing the minority and gender gap.

e There is great need for state guidance and funding for certification pathways and
professional development for CS teachers. Most reports on K-12 CS education state
both the need for educational standards and the need for professional development.
One facilitates a rigorous and quality education, and the other the capacity to provide
it. Both are needed and are recommended that they be developed simultaneously.
Additionally, reports suggest that multiple pathways and certification processes
should be defined for current and developing CS teachers. Finally, it is recommended
that a process, or medium, be developed to enable CS professionals and educators
to work together—the one providing experience and the other pedagogical
scaffolding.
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REPORT I: TECHNICAL DEFINITIONS

OVERVIEW

The purpose of this report is to provide a variety of definitions that can be used as the
foundation for discussion between stakeholders and standards writers. Below, Table 1
provides definitions for CS, Digital Literacy, Coding/Programming, Educational Technology,
Information Technology, and Computational Thinking as they have been defined by national

education organizations, universities, and technology companies.

TABLE 1: TECHNICAL DEFINITIONS

Term Organization
Computer science Code.org
K12CS.org

Dictionary.com

Computer Science
Accrediting Board (CSAB)

© Colorado Department of Education

Definition

Using the power of
computers to solve
problems. (Code.org, n.d.)

The study of computers and
algorithmic processes,
including their principles,
their hardware and
software designs, their
implementation, and their
impact on society (Seehorn,
etal., 2011)

The science that deals with
the theory and methods of
processing information in
digital computers, the
design of computer
hardware and software, and
the applications of
computers (Dictionary.com,
2016)

Computer science is a
discipline that involves the
understanding and design
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Term Organization Definition

of computers and
computational processes. In
its most general form it is
concerned with the
understanding of
information transfer and
transformation. Particular
interest is placed on making
processes efficient and
endowing them with some
form of intelligence. The
discipline ranges from
theoretical studies of
algorithms to practical
problems of
implementation in terms of
computational hardware
and software (John, n.d.).

Mississippi State University
Computer Science is the
study of principles,
applications, and
technologies of computing
and computers. It involves
the study of data and data
structures and the
algorithms to process these
structures; of principles of
computer architecture-both
hardware and software; of
problem-solving and design
methodologies; of
computer-related topics
such as numerical analysis,
operations research, and
artificial intelligence; and of
language design, structure,
and translation technique.
Computer Science provides
a foundation of knowledge
for students with career
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Term Organization
Digital Literacy British Broadcasting
Corporation

American Library
Association (ALA)

US Digital
Literacy/University of
Illinois

© Colorado Department of Education

Definition ‘
objectives in a wide range

of computing and
computer-related

professions (John, n.d.).

The ability to locate,
organize, utilize,
understand, evaluate, and
analyze information, and
create content using
information technologies
and the Internet (Kolesinski,
Nelson-Weaver, & Diamond,
2013)

Digital Literacy is the ability
to use information and
communication
technologies to find,
evaluate, create, and
communicate information,
requiring both cognitive and
technical skills (Visser,
2011).

The ability to use digital
technology, communication
tools or networks to locate,
evaluate, use and create
information.’

The ability to understand
and use information in
multiple formats from a
wide range of sources when
it is presented via
computers. ?
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Term Organization
Coding/Programming Code.org
Google

Code Conquest

Educational Technology Association for Educational
Communications and
Technology (AECT)
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Definition

A person’s ability to
perform tasks effectively in
a digital environment...
Literacy includes the ability
to read and interpret
media, to reproduce data
and images through digital
manipulation, and to
evaluate and apply new
knowledge gained from
digital environments. 3

(US Digital Literacy, 2016)

Creating one or more
commands or algorithm(s)
designed to be carried out
by a computer. See also:
program (Code.org, n.d.)

To provide (a computer or
other machine) with coded
instructions for the
automatic performance of a
particular task (Google,
n.d.)

Put simply, ... programming
(or coding) ... is a set of
syntax rules that define how
code should be written and

formatted (Codeconquest,
n.d.).

Educational technology is
the study and ethical
practice of facilitating
learning and improving
performance by creating,
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Term Organization

Computer Science Teachers
Association (CSTA)/
Association for Computing
Machinery (ACM)

Wikipedia

Information Technology Google

Merriam-Webster
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Definition

using, and managing
appropriate technological
process and resources.
(Januszewski & Molenda,
2009)

Using computers across the
curriculum, or more
specifically, using computer
technology (hardware and
software) to learn about
other disciplines. (Seehorn,
et al., 2011)

Educational technology is
the use of technology to
improve education. ltis a
systematic, iterative process
for designing instruction or
training used to improve
performance. Educational
technology is sometimes
also known as instructional
technology or learning
technology (Edutechwiki,
n.d.).

The study or use of systems
(especially computers and
telecommunications) for
storing, retrieving, and
sending information
(Google, n.d.).

The technology involving
the development,
maintenance, and use of
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Term

Computational Thinking

Organization

CSTA/ACM

ACM/ Institute of Electrical
and Electronics Engineers
(IEEE)

Webopedia
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Definition

computer systems,
software, and networks for
the processing and
distribution of data
(Merriam-Webster, n.d.)

The proper use of
technologies by which
people manipulate and
share information in its
various forms (Seehorn, et
al., 2011).

Information Technology (IT)
in its broadest sense
encompasses all aspects of
computing technology. IT, as
an academic discipline, is
concerned with issues
related to advocating for
users and meeting their
needs within an
organizational and societal
context through the
selection, creation,
application, integration and
administration of
computing technologies
(Lunt, et al., 2008).

Computational thinking (CT)
is a study of the problem-
solving skills and tactics
involved in writing or
debugging software

10
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Term Organization

K12CS.org

Code.org

University of Toronto/
Microsoft Research
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Definition
programs and applications
(Stroud, n.d.).

The human ability to
formulate problems so that
their solutions can be
represented as
computational steps or
algorithms to be executed by
a computer. [Lee, 2016]

Mental processes and
strategies that include:
decomposition, pattern
matching, abstraction,
algorithms (decomposing
problems into smaller, more
manageable problems,
finding repeating patterns,
abstracting specific
differences to make one
solution work for multiple
problems, and creating
step-by-step algorithms).
(Code.org, n.d.)

Computational thinking is
the thought processes
involved in formulating a
problem and expressing its
solution(s) in such a way
that a computer—human or
machine—can effectively
carry [it] out.

Informally, computational
thinking describes the
mental activity in
formulating a problem to
admit a computational
solution. The solution can

11
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Term Organization

© Colorado Department of Education

Definition

be carried out by a human
or machine. This latter
point is important. First,
humans compute. Second,
people can learn
computational thinking
without a machine. Also,
computational thinking is
not just about problem
solving, but also about
problem formulation.
(Wing, 2014).
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OVERVIEW

The purpose of this report is to provide a survey of other states’ CS policies and standards.
Specifically, these policies include whether they allow CS courses to count towards a math
and/or science graduation credit. Additionally, states that have adopted, or are developing, CS
standards are identified. Finally, links to all identified policies and standards are provided along
with other helpful information.

The report is divided into two tables. The first table provides a survey of which states have
adopted standards, which states are developing standards, and which states count CS as a
math and/or science graduation credit. The second table provides links to state sources,
source material, and sites where up-to-date information can be found as states pass
legislation.

The links to individual state graduation policies have been listed and will bring the reader to
the source material. A summary of states’ graduation policies in regards to CS can be found in
the “helpful links” section of the table. This summary was compiled by Jennifer Zinth (2016)
and it provides the key excerpts of the policies—saving the reader the need to peruse each
states’ graduation policy document.

KEY FINDINGS

e The majority of states allow CS courses to count towards math graduation credits.
Twenty-eight states have graduation policies that allow CS to count towards core math
graduation credits. Nine states allow CS to count towards science.

e Ten states have adopted at least K-8 CS Standards. If states have adopted CS standards,
they are more likely to start with K-8 then K-12 as of right now. K-12 standards often are
enveloped by CTE pathways for grades 9-12.

e Some states are in the process of developing standards. Three states are currently
convening stakeholder meetings for CS standards development. The number of states
making CS count and adopting CS standards is increasing monthly.
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TABLE 2: COMPUTER SCIENCE STANDARDS STATE POLICY SURVEY

State Has State is CS Counts as CS Counts as Science
CS Developing Math Credit Credit
Standards CS

Standards

Alaska

Arkansas X X

Colorado X

Delaware

Florida X X X

Hawaii

lllinois X

lowa

Kentucky X

Maine

Massachusetts X

© Colorado Department of Education 16




Neary Education Research | December 2016

State Has State is CS Counts as CS Counts as Science
CS Developing Math Credit Credit

Standards CS
Standards

Minnesota X

Montana

Nevada

New lJersey X X X

New York X

North Dakota

Oklahoma X X

Pennsylvania

South Carolina

Tennessee X X

Utah X X

Virginia X X
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State Has State is CS Counts as CS Counts as Science
CS Developing Math Credit Credit
Standards CS
Standards
West Virginia X
Wyoming
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OVERVIEW

This annotated bibliography provides a catalogue of recommendations for developing K-12 CS
standards as they have been reported by leading researchers, educational organizations, and
government entities. This report has been divided into the following subsections

e Section I: Methodology presents the topics of and the criteria used in selecting reports

for this annotated bibliography.

Section II: Recommendations for K-12 Computer Science Standards includes the
reports and studies that provide relevant and current recommendations for developing
K-12 CS standards.

Section lll: Recommendations for Developing K-12 Computer Science Capacity
includes reports and studies that provide recommendations for developing teaching
capacity in conjunction with CS standards development.

KEY FINDINGS

K-12 Computer Science education and research is in its formative stages. The majority
of K-12 CS research focuses on closing the opportunity and participation gap for the
general student population, minorities, and women.

From the beginning, national and state stakeholders in CS education gravitated
towards collaborative development. The combination of limited subject matter experts
and the urgent, national need for CS K-12 education, brought CS experts, education and
government leaders together to collaborate on the development of K-12 CS standards.

The minority and gender gap in Computer Science is greater than any other discipline.
A number of reports find the significant lack of interest, participation, and access to CS
education among women and at-risk minority groups is extremely worrisome. Most
reports providing recommendations to policy makers state that CS standards for K-8 is
essential to closing the minority and gender gap.

There is great need for state guidance and funding for certification pathways and
professional development for CS teachers. Most reports on K-12 CS education state
both the need for educational standards and the need for professional development.
One facilitates a rigorous and quality education, and the other the capacity to provide
it. Both are needed and are recommended that they be developed simultaneously.
Additionally, reports suggest that multiple pathways and certification processes
should be defined for current and developing CS teachers. Finally, it is recommended
that a process, or medium, be developed to enable CS professionals and educators
to work together—the one providing experience and the other pedagogical
scaffolding.
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SECTION I: METHODOLOGY

This report has used Colorado’s statutory definition of a “standard” to operationally define its
search and selection parameters. It is as follows:

"’Standard’ means a clear, measurable, learning target for what
a student should know or be able to do relative to a particular
instructional area”

-Section 22-7-1003(22) C.R.S.

In general, recommendations that addressed broad goals for what students should know,
understand, and be able to do over a period of time have been included in this study.
Furthermore, policy reports that have recommendations on standards development, which
were applicable to Colorado’s environment of local control, were also included. To the extent
possible, reports from a wide range of academic, governmental, educational, and professional
sources have been selected. Additionally, it should be noted that CS standards are in their
infancy and many of the organizations interested in their development collaborated to produce
the K12CS.org’s Framework. Finally, because of how many reports mentioned not only a
framework for CS standards for students, but also of the great need for state guidance on
teacher certification standards and funding for professional development, a couple entries
were included regarding this topic.

Each annotated entry includes:
e A full citation (Author, Year, Title, Link or Source Information)
e Summary
e Funding source, where possible
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SECTION III: DEVELOPING K-12 COMPUTER SCIENCE CAPACITY

Computer Science Teachers Association. (2013). Bugs in the system. New York, NY: Association
for Computing Machinery, Inc. Retrieved November 21, 2016, from
https://csta.acm.org/ComputerScienceTeacherCertification/sub/CSTA_BugsinTheSystem
.pdf

Summary: With so many states developing CS standards for students, there is a great
need to address teacher certification standards and processes. The Computer Science
Teachers Association (CSTA) recommends the following:

1) Establish a system of certification/licensure that ensures that all CS teachers have
appropriate knowledge of and are prepared to teach the discipline content;

2) Establish a system of certification/licensure that accounts for teachers coming to the
discipline from multiple pathways with appropriate requirements geared to those
pathways;

3) Establish a system of certification/licensure that accounts for previous teaching
experience (“grandfathering”) for teachers with at least two years of experience
teaching Computer Science courses that are aligned to grade-level CSTA K-12
Computer Science standards;

4) Provide a certification/licensure pathway that includes both content and pedagogical
knowledge for those transitioning into teaching from industry;

5) Require teacher preparation institutions and organizations (especially those purporting
to support STEM education) to include programs to prepare Computer Science
teachers;

6) Establish a Computer Science Praxis exam that assesses teacher knowledge of
Computer Science concepts and pedagogy.

7) Provide comprehensive professional development for teachers to enable them to
achieve or maintain a certification/license or endorsement in Computer Science.

8) And, incentivize school level administrators to offer rigorous Computer Science courses
offered by qualified Computer Science teachers.

Funded by: Association of Computing Machinery

Falkner, K., & Vivian, R. (2015). A review of computer science resources for learning and
teaching with K-12 computing curricula: An Australian case study. Computer Science
Education, 25(4), 390-429. doi:10.1080/08993408.2016.1140410

Summary: This case study was written to help teachers implement CS curricula in
relation to performance standards alignment. As the report details, in Australia, most CS
resources and outreach programs were designed to increase interest rather than teach
students CS skills and concepts. The aim of the report was to assess the quality of
online CS resources and their alignment to K-12 CS Standards. It was recommended that
countries develop supplementary resources to support teachers in teaching
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